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Preface 

The Tata Memorial Hospital has pioneered the cause of EBM in oncology in India and has been conducting 
the annual meeting on EBM in common cancers for the past eighteen years. The 19th conference on 
“Evidence Based Management of Cancers in India- EBM 2021” is being held from in a Virtual platform 
from 26th to 28th February, 2021 and 5th to 7th March, 2021.  Each year we have focused on different aspect 
of cancer care; collated and published the best available evidence in the form of “EBM book” which is also 
easily accessible at our official website. 

This is a broad and overarching theme, which will span all specialties involved in Cancer care including 
Surgical Technology and adjuncts; Theranostics - Radiodiagnosis/ Interventional Radiology/ Bio-imaging; 
Pathology, Radiation therapy planning and delivery; Diagnostics and Precision Medicine and Advanced 
technologies including Artificial intelligence, Big Data management. The focus is on evaluation of efficacy 
as well as practical utility and cost-effectiveness. 

This EBM conference will be led by a galaxy of national and international authorities in the multidisciplinary 
fields. The goal is to critically review and present the best available evidence and evolve management 
practices, which can be easily assimilated into clinical practice across the country. This book outlines and 
discusses these advances. 

Prof R A Badwe, 
Director, Tata Memorial Centre 



Technology & Cancer Care 

 

Page 4 of 564 



Technology & Cancer Care 

Page 5 of 564 

Master Index 

A. Surgical Oncology……………………………………………………………….………...…06 

B. Precision Oncology…………………………………………………………………………..65 

C. Technological Advances in Radiation Oncology …………………………………………..178 

D. Theranostics ………………………………………………………………………..……….353 

E. Radiology………………………………………………………………..………….……….366

F. Beyond Microscopy: Pathology Informatics………………………………………….….....499 

G. NGS Data Analysis …………………………………………………………………………559 



Technology & Cancer Care 

Page 6 of 564 

Surgical Oncology 

Vol. XVIII 
(Part A) 

Editors 
Dr. George Karimundackal 

Dr. Devayani M Niyogi 

On behalf of the 
Department of Surgical Oncology, Tata Memorial Centre 

Published by 
Tata Memorial Centre, 

Mumbai 



Technology & Cancer Care 

Page 7 of 564 

Tata Memorial Hospital 
Dr. Ernest Borges Road, Parel 
Mumbai 400 012. INDIA. 
Tel.: +91-22-2417 7000 
Fax: +91-22-2414 6937 
Email: crs@tmc.gov.in 
Website: http: //tmc.gov.in 

Evidence Based Management of Cancers in India 

Vol. XVIII 

Seven Parts 

PART A: Surgical Oncology 

ISBN: 978-93-82963-59-2 

Published by the Tata Memorial Hospital, Mumbai & 
Homi Bhabha National Institute, Mumbai 
© 2021 Tata Memorial Hospital, Mumbai 
All rights reserved



Technology & Cancer Care 

 

Page 8 of 564 

Contents 
Section I: Image Guided Surgery 

1. Introduction……………………………………………………………………………………….09 

2. Intraoperative Imaging Guidance in Neurosurgery………………………………  ……….…….10 

3. Scope for Navigation in Resection of Complex Bone Tumours…………………………………27 

4. Utility of Semi-automated Myrian Software in Liver Resections…………………  ……………30 

5. Indocyanine Green (ICG) In Uro-Oncology……………………………  ……………………….33 

6. Sentinel Node Biopsy in Head and Neck Cancers………………………………………………..38 

 

Section II: Robotic Surgery 

1. Introduction…………………………   …………………………………………………………..43 

2. Robotics in Head and Neck Surgery………………………………………………………..….…44 

3. Robotic Radical Cystectomy – The Evidence So Far…………………………………………….51 

4. Robotics in Rectal Cancer………………………… ………………………………………….….56 

5. Robotic Radical Hysterectomy in Early Cancer Cervix – Current Evidence………………….....60 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Technology & Cancer Care 

Page 9 of 564 

SECTION I: IMAGE GUIDED SURGERY 

Introduction: 
      Dr. Ashwin D’souza 

Cross-sectional radiology, be it computed tomography or magnetic resonance imaging has undoubtedly 
revolutionized medical diagnostics. The standard diagnostic algorithm for every described solid tumor 
includes some form of cross-sectional imaging to diagnose or stage the disease. Surgeons for decades have 
wished for some form of real-time navigation that would transfer the image on the view box to a road map 
in real time on the operative table. 

Technology has evolved to offer options for real-time navigation in neurosurgery, orthopedic oncology and 
software for liver volumetry and localization of intrahepatic lesions. Indocyanine green, though first used for 
capsular staining in cataract surgery in 1998, has proved to be very useful in varied roles in surgery including 
defining bowel perfusion and estimating liver function. The particular affinity of ICG for the urothelium and 
its ability to accurately define organ perfusion has also led to its use in some novel applications in urology.  

This section presents the data on real-time navigation systems in neurosurgery and orthopedics, the role of 
the Myrian imaging system in liver, the novel applications of ICG in urology and the latest data on sentinel 
lymph node biopsy in head and neck surgery. 
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Intraoperative Imaging Guidance in Neurosurgery 

                                                            Dr. Vikas Singh, Dr. Prakash Shetty, Dr. Aliasgar Moiyadi 
Introduction 

The complex three dimensional structure and intraoperative deformation of the brain poses unique challenges 
during neurosurgical procedures. Intraoperative image guidance modalities assist in planning the surgical 
approach, intraoperative localization of the disease in relation to adjacent eloquent regions and offer accurate 
resection control in brain tumors. Gliomas are common intra cranial neoplasms and extent of resection has 
shown to have a significant prognostic benefit in both high and low grade gliomas. (1-3) Due to their 
infiltrative growth pattern merging imperceptibly into native brain parenchyma, complete excision is 
difficult, a challenge compounded manifold by close proximity to eloquent substrates. The discordance 
between the subjectively estimated extent of resection and the true objectively assessed extent is significant 
with surgeons overestimating a gross total resection in almost 70% of cases. (4) Most of these  “misses” are 
due to inadequate intraoperative visualization of tumor residue. Moreover, unintended damage to eloquent 
substrates can be minimized and completely avoided. Therefore, augmentation of intraoperative visualization 
is invaluable when dealing with these tumors.  
 
Commonly used Intraoperative imaging modalities in Neuro-oncology 

Intraoperative imaging techniques in neurooncological surgery can be broadly categorized into two types – 
Radiological imaging and Optical imaging. Both are complementary to each other and their use (singly or in 
combination) varies across neurosurgical setups. (5) 

 
Table 1 – Enlists radiologic and optical imaging techniques. 

Radiologic imaging Optical imaging 

Intra operative MRI (iMR) Amino levulinic acid (ALA) 

Intraoperative Ultrasound (iUS) Sodium Flourescein (SF) 

Intra Operative CT (iCT) Indo cyanine green (ICG) 

Flouroscopy  

Neuronavigation (NN)  

Angiography  

 
Conventionally, image-guidance has been synonymous with frameless stereotaxy or navigation which relies 
on preoperatively acquired radiological images (generally CT or MR). However, image-to-patient 
registration inaccuracies as well as the phenomenon of “brainshift”, limits the efficacy of preoperative 
images. Hence real-time navigation with alternative modalities is preferred when dealing with brain tumors 
in general. Methods like intraoperative x-ray fluoroscopy were applied in the past as quick, easy to use, and 
reliable real-time navigation tools showing where a surgical instrument is located in the patient in relation to 
bony landmarks. This modality continues to be used in some centers but poses a risk of radiation exposure 
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and is prone to inaccuracies especially for soft tissue landmarks and are more useful in spinal and skull base 
procedures.  Tomographic methods like CT and MRI need additional tools to provide localization and 
navigation, unless the procedure is performed directly in the scanner. CT/MRI guided navigation systems 
are based on the principles of frameless stereotaxy and can be employed intraoperatively. All tomographic 
modalities allow delineating the object of interest in three-dimensional (3D) space, as well as evaluating the 
extent of a resection. Another technique that has emerged in the last few years as an alternative or adjunct to 
the use of these radiologic imaging techniques is the application of optical imaging methods especially the 
application of a fluorescent dye/fluorophore that visualizes vasculature or tumor extent in the surgical field. 
Whereas any single given modality may be inadequate by itself, a judicious combination of modalities may 
be most appropriate. 

A. Intraoperative Radiologic imaging techniques

1. Intra Operative US

Intraoperative ultrasound (iUS) was the earliest modality to be used as an intraoperative adjunct in 
neurosurgery. Since then, it has rapidly emerged as one of the most commonly used adjuncts in 
neurooncological surgery. It is a versatile tool, relatively cheap, provides dynamic imaging and can be 
combined with navigation to further improve the extent of resection. (6) However, it is highly operator 
dependent and image orientation and interpretation requires experience and has a learning curve. Multimodal 
image fusion (combining preoperative MRI based navigation with iUS) has shown to improve orientation 
and interpretation and facilitates improved resection rates .(7-11){Figure 1-3} Few studies comparing 
different intraoperative imaging modalities have shown that 2D ultrasonography is a helpful adjunct as a 
real-time imaging modality, but the sensitivity of iMR was higher.(12,13) Tronnier et al have compared 3D 
navigated US (3DnUS) with iMR for detection and resection control of the tumors concluded that iMR 
imaging remains superior to iUS in terms of resection control in glioma surgery by virtue of superior 
resolution of images, though iUS is preferable for rapid updates during intermediate stages of the 
resection.(14) Moiraghy et al used navigated 2DUS (n2DUS) and neuronavigation (NN) in 60 glioma 
surgeries (31 n2DUS vs 29 only NN) and showed higher GTR rates (61 vs 45%) with a significantly lower 
rate of residual tumor volume (RTV > 1cc) for  n2DUS. (15) n2DUS had specificity of 42% and Negative 
predictive value 73% (both higher than NN).  Revonanz et al compared 2DUS and n2DUS and showed that 
the extent of resections was same in both but image interpretation was better with n2DUS and sensitivity and 
specificity in picking up residue was higher. (16) Seikmann et al analysed 2DUS, Nav3DUS and iMRI in 
phantom models and showed that 3DnUS had better accuracy than 2DUS and it was comparable to iMRI. 
(17) Moroever, the different features (multiplanar imaging, any-plane viewing, and creation of a 3D volume
and spatial and temporal coregistration of serial images) of 3D nUS along with cost effectiveness and ease
of use makes it a very attractive alternative.  There is virtually no alteration in the surgical workflow adding
to the ease of use of iUS. As the iUS technology continues to evolve elasto-sonography and contrast,
enhanced ultrasound will further add value to this modality (18).

2. Intra operative MR

The development of open configured magnets in the 1990s opened the doors for intra operative imaging 
based on MR technology to be used intraoperatively. Given the superior image resolution and full head views 
of iMR, it is the preferred gold standard intraoperative imaging modality. However, for its practical 
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deployment it was essential to modify the operating room to the magnet.  Since then the iMR has evolved 
from low field magnet strength of 0.5T to 1.5T-3T with simultaneous application of navigation and 
integration with pre-operative functional data from magnetic encephalogram or fMRI (19-21) and the most 
recent being integration of robotics in 3T intraoperative imaging technology. (22-23)  iMR allows an 
objective evaluation of the intraoperative situation and assists in guiding resections and thus acts as quality 
control during surgery. The simultaneous use of intraoperative MRI and functional navigation has allowed 
preservation of neurologic function despite extended resections. iMR has also enabled compensation for 
brain shift by an update of the intraoperative imaging data. (24-26) Intraoperative MR is an ideal 
intraoperative imaging tool because of its excellent image resolution and familiarity to the surgeon. Use of 
iMR in glioma resection has been shown to increase extent of resection (27-28). The combination of 
preserving function while optimizing the extent of resection seems to be the optimal intraoperative treatment 
strategy. However cost and logistic challenges (infrastructure, manpower and time) pose significant hurdles 
in widespread deployment of this technique. 
 
 

3. Intra op. CT  

Modern multislice CT scanning offers a reasonable technology for intraoperative imaging, especially in 
conjunction with a navigation system. The system can be installed in a preexisting operating environment 
without the need for special surgical instruments. It increases the safety of the patient, the surgeon, and the 
anesthesiologist without the need to change existing routine protocols and workflows. multi-disciplinary use 
improves the cost-efficiency relationship. It is used for intra operative guidance during transphenoidal 
surgeries and stereotactic procedures. It can also be used for intraoperative imaging updation and resection 
control however the resolution is inferior as compared to MR. (29, 30). Due to better visualization of bony 
anatomy, iCT is ideal for spine surgeries, pedicle screw placements and imaging the location of implants. 
(31, 32) Its role in intra-axial tumors however, remains limited. 

 
Table 2 – Comparison of commonly used intraoperative imaging modalities in Neurosurgery. 

 

 iMRI iUS iCT 

General 

Low field (0.5T) and 
high field (1.5/3T) 
variants. Recently role 
of iMRS has been 
evaluated 

Tumour characteristics studied in 
terms of echogenicity.  3DNUS, 
CEUS, elastography have been 
areas of interests 

Less studied in neuro-
oncology as compared to 
IOUS and iMRI. used 
commonly in trauma 
surgeries and emergency 
settings 

Availability Limited to a handful of 
specialized centres 

Freely available across almost all 
setups Limited 

Ease of use Needs a setup Portable Needs a setup. Mobile 
ICT scanners available 

Real time Image 
resolution 

Very Good. Familiar 
modality 

Good. Some studies suggest it to 
be as good as MRI 

Poor image contrast with 
respect to brain tumours 
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 iMRI iUS iCT 

Orientation of 
image Very good Requires training. Very good if 

navigated US used. Good 

Examination 
time 

Significant – 
depending upon 
additional sequences 
obtained, patient 
transport time, 
equipment draping 

Very little Less than iMRI 

Multiple image 
acquisitions 

Possible but is time 
consuming Possible. Very Convenient Possible but increases 

radiation exposure 

Field of view Whole brain Focal Whole brain 

3D Yes Yes, possible Yes 

Continuous 
guidance No Yes No 

Alteration of 
surgical flow 
 

Significant Minimal. Merges into existing 
workflow seamlessly Yes 

Additional 
infrastructure Significant Negligible Yes, but less than MRI 

Cost Very Expensive Inexpensive (even when 
navigated US used) Expensive 

Surgical team 
convenience 

Cumbersome and time 
consuming Convenient Cumbersome and time 

consuming 

User dependent No Yes No 

Evidence 
supporting role 
in Neurosurgical 
Oncology 

Yes Yes Limited 

 
(Courtesy - Moiyadi Aliasgar V, Shaikh Salman T, Singh Vikas kumar J. Optical Imaging in Neuro-
oncological surgery: Current practice in neuroscience. Neurology India, May 2020, Vol 2, issue 3)  
 

4. Navigation and multimodal image guidance techniques 

The integration of the stereotactic principle allowed using CT and MRI as a means of localization, leading 
to modern image-guided surgery in which navigation technology allows the co-registered visualization of 
the imaging space in the surgical field. In standard navigation the physical space of the surgical field is 
registered to the 3D image space, which is based on anatomic data from CT, MRI, or even 
ultrasonography.(Figure 4 and 5) Microscope-based navigation provides an intuitive data visualization 
directly in the surgical field. Navigation accuracy is influenced by a variety of factors like quality of imaging, 



Technology & Cancer Care 

Page 14 of 564 

technical accuracy of the system and quality of patient registration. However major factors degrading 
navigation accuracy are positional shift and brain shift both of which can be corrected by updating the 
intraoperative image data. (33) 

Integration of additional data (fMRI, DTI, US) obtained from other imaging submodalities results in 
multimodal navigation development of functional navigation in which preoperative data from 
magnetoencephalography (MEG) (34, 35) and functional MRI (fMRI),(36) which both define localizations 
of cortical eloquent brain areas, such as the motor and speech areas, were coregistered with the standard 
anatomic data and thus could be visualized in the surgical field which allows safer resections.( Figure 6) 
Integration of fiber tracking data derived from diffusion tensor imaging (DTI) delineating the course of major 
white matter tracts extended this concept to subcortical areas (37) whereas the coregistration of PET data 
and information from MR spectroscopy added metabolic information leading to true multimodal navigation. 
(38) 

5. Fluoroscopy (continuous X ray imaging)

Fluoroscopy is still used in many centers routinely as a reliable and quick means for intraoperative orientation 
for example, in transsphenoidal procedures to identify the trajectory to the sella turcica, in stereotactic 
surgeries, as well as in spine procedures for level identification and assisting pedicle screw trajectory 
adjustment. (39, 40) Iso-C arm technology provides quick, seamless, and accurate data acquisition for 
intraoperative imaging with or without navigation. It can be used during traditional open spinal and cranial 
base approaches and minimally invasive pedicle screw placements. (41) Principles of fluoroscopy are also 
applied in intraoperative angiography, which is used during vascular procedures, though its use in 
oncological procedures is limited.  

B. Intraoperative Optical Imaging techniques

Optical imaging (OI) utilizes an optically active biomarker and a corresponding (compatible) detection 
technique which is combined in a practical and mutually compatible way. Depending on the biomarker 
properties which interacts with a suitable light (of specific wavelength range) by means of a host of physical 
mechanisms (including but not limited to scattering, reflectance, fluorescence and so on) an appropriate 
detection system can be used to provide actionable information intraoperatively. OI techniques are surface 
imaging techniques with minimal depth imaging using light in the visible spectrum (400-700nm). 

1. Amino Levulinic Acid (ALA)

Intracellular uptake and subsequent metabolism of this prodrug leads to preferential accumulation of 
endogenous protoporphyrin IX (a fluorophore) producing violet red emission at 635-705 nm wavelength on 
excitation with a blue light (400 nm range). This provides fluorescence guidance which has potential in 
maximizing the extent of high-grade glioma resection. Different fluorophores (ie, fluorescent biomarkers), 
including 5-aminolevulinic acid (5-ALA), have been examined with the use of several imaging techniques. 
(42,43) 5-ALA is the mostly commonly used fluorophore in glioma surgeries. However, there are potential 
alternatives like hypericin that might have advantages with respect to photodynamic therapy. (44) The 
development of more tumor-specific fluorophores is needed to resolve problems with subjective 
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interpretation of fluorescent signal at tumor margins. Techniques such as quantum dots and polymer-based 
or iron oxide–based nanoparticles have shown promise as potential future tools. (43) 
 
The seminal paper by the ALA-Glioma study group by Stummer et al described the findings of a randomized 
controlled multicenter phase III trial-comparing 5-ALA guided surgery with surgery under the traditional 
white light and reported that contrast-enhancing portion was resected in 65% of cases under fluorescence 
and 36% of cases under white light. They also observed that patients who were given 5-ALA had a 6-month 
progression free survival of 41% as compared to 21% in the latter.(42)  Subsequent studies have published 
gross total resection rates of 76%.(45) Systematic reviews have also proven that there is level II evidence 
showing benefit of 5-ALA guided surgery in malignant gliomas with respect to parameters such as diagnostic 
accuracy, tumour resection extent, overall survival and quality of life as compared to the more widely 
practiced navigation guided surgery.(46) A literature review of paediatric brain tumours in 2019 from the 
pioneering group of W. Stummeret al found 5-ALA to be effective in resection of glioblastomas, anaplastic 
ependymomas and anaplastic astrocytoma while not so much in pilocytic astrocytomas and 
medulloblastomas.(47) Advancement in detection techniques and recent literature suggest role of ALA  even 
in LGG.(48) 

2. Sodium Flourscein (SF) 

Sodium fluorescein is an intravenous dye with extracellular accumulation leading to yellow-green emission 
when exposed to 500-550 nm wavelength light (yellow range). Even though its utility in malignant brain 
tumor was described in 1947, it came into mainstream clinical utility only after 2013 following integration 
of yellow filter for sodium fluorescein into the microscope. The first European approval for its application 
in neurosurgery was obtained in 2015 in Italy following which FLUOGLIO trial (multicenter prospective 
phase 2) was published in 2018 which demonstrated the sensitivity and specificity of SF localizing high 
grade glioma tissue were found to be 81% and 79% respectively. (49,50) 

3. Indocyanine green (ICG) 

ICG is an intravenous dye with extracellular accumulation with emission wavelength near infrared i.e., 805 
nm. Its utility has been most widely found in the subspecialty of vascular neurosurgery where it has been 
commonly used in aneurysm, angioma, and bypass surgeries. ICG video angiography provides high-
resolution, real-time images of the arterial, capillary, and venous flow of cerebral vasculature. (51) 
 
Table 3 – Comparison of ALA and fluorescein commonly used for optical imaging 

 ALA Fluorescein 

Biological Basis:  Active intracellular uptake and 
metabolic conversion to 
Protoporphyrin IX which 
accumulates selectively 

Passive extravasation into areas of 
increased permeability; marks all 
perfused tissues 

Imaging Characteristics: Violet red emission at 635-705nm Yellow Emission At 500-560nm 

Pharmacological profile:   
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 ALA Fluorescein 

Route of administration Oral Intravenous 

Time to fluorescence Peak at 4-6 hours Within seconds after administration 
in normal tissue 

Fluorescence intensity and 
background 

Weaker than fluorescein, less 
background information 

Strong; good background 
information 

Fluorescence lifetime 9-12 hours 48-72 hours 

Microscope modification: Required Required for low dose fluorescein. 
High dose fluorescein as previously 
used, does not require any special 
filter 

Operator dependent: Yes - needs training to operate 
under blue light and needs frequent 
shifting from white light to blue 
light 

Less so as it has better background 
light discrimination. 

Diagnostic Accuracy:   

Sensitivity High Very High 

Specificity V.  high High 

Positive Predictive value V.  high High - depends on threshold since all 
tissues show fluorescence 

Negative Predictive values Low High - due to extravasation into 
peritumoral edema and presence in 
normal tissue, CSF and blood 

Tumour delineation: Delineates the enhancing portion of 
the tumour as well as T2 Flair 
abnormalities – may assist in 
supramaximal resection which is of 
proven benefit  

Delineates only the contrast 
enhancing portion of the tumour 

Photo-bleaching: Yes No 

Side Effects:   

Photosensitivity  Yes – need to keep patient in dark 
room for atleast 24 hours 

No – does not need abstinence from 
sunlight in immediate post-operative 
period  
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 ALA Fluorescein 

Systemic toxicity Negligible Hypotension especially in cardiac 
patients. High dose fluorescein can 
stain skin yellow for 48-72 hours; 
reports of anaphylaxis 

Clinical Validity:   

 Validated in large clinical trials. 
FDA approved  

Few trials conducted. Approvals 
awaited. 

 Large volume of published clinical 
experience 

Limited clinical experience 

Cost: Very High Low 

 
(Courtesy - Moiyadi Aliasgar V, Shaikh Salman T, Singh Vikas kumar J. Optical Imaging in Neuro-
oncological surgery: Current practice in neuroscience. Neurology India, May 2020, Vol 2, issue 3) 
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Future Directives 

With a plethora of varied intraoperative imaging adjuncts, each with its own unique advantages has provided 
an opportunity to enhance the quality and quantity of information available to the surgeon intraoperatively. 
Integration of all these onto a common platform is the next logical step. The advanced multimodality image-
guided operating (AMIGO) suite in Boston may provide some insight as to how a future operating room 
would appear. (52) Real-time anatomic imaging modalities like radiographs and ultrasonography are 
combined with cross-sectional digital imaging systems like CT, MRI, and PET. In addition, molecular image 
guided therapy with the use of multiple molecular probes, such as PET, optical imaging, and targeted mass 
spectrometry, is available to increase the sensitivity and specificity of cancer detection. The application of 
these technologies is expected to improve the ability to define tumor margins to more completely excise or 
thermally ablate tumors. In addition several navigational devices, robotic devices, and therapy delivery 
systems are present that help physicians to localize and treat tumors and other targeted abnormalities. 
 
Smart Cyber Operating Theater (SCOT), the next generation treatment room developed by Japanese Agency 
for medical research and development allows online uniform management of devices within the treatment 
room and enabling time synchronization and relocation of 
their data using OPeLiNK (communication interface).(53) It permits collection of various data, such as 
images obtained from intraoperative modalities and surgical instrument position from surgical navigation 
systems, as well as surgical field images and biometric patient data. This information is sent through an 
application and displayed to the surgeon and surgical staff. 
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Figure Legends  
 

Figure 1 – shows a 2D US image with iso-hyperechoic tumor with adjacent falx and ventricles 
visualized. 

 
 

Figure 2 – shows a 2D navigated US image superimposed on the co-registered MRI image and probe 
orientation. 
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Figure 3 – shows a 3D navigated image in axial, coronal and sagittal sections in B and resection 
control image in C 

 
 

Figure 4 – shows neuronavigation been used for intraoperative guidance during a transphenoidal 
endoscopic procedure. Tumor has been marked in yellow 
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Figure 5 – shows neuronavigation guided biopsy procedure in a deep seated tumour (marked in red) 

 
 

Figure 6 – shows neuronavigation used along with DTI (multimodality navigation technique) 
demonstrating relation of the white matter tracts (marked in blue and green) to the tumor (marked 
in red) 
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Figure 7 – shows appearance of a high grade glial tumor under white light (A) and a corresponding 
appearance under blue light when ALA is administered pre operatively. 
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Scope for Navigation in Resection of Complex Bone Tumours 

Dr. Ajay Puri 

The increased efficiency of modern computers combined with more detailed, accurate imaging capabilities 
of computed tomography (CT) and MRI scanners, coupled with the development of precise intraoperative 
navigation technology and equipment have led to the adoption and incorporation of new techniques within 
the field of orthopedic oncology. The use of navigation in orthopaedic oncology surgery has enabled ever 
complex and detailed surgery to be performed to the benefit of surgeons and patients alike. The aim of 
surgery is to achieve resection of the tumor with clear margins thus enabling a reduction in the risk of local 
recurrence while retaining important structures and optimizing function. Navigation systems have played an 
important role within pelvic surgery, limb reconstruction, and limb salvage. Within the pelvis, access can be 
limited by anatomical constraints and, due to the extent of the tumour, intraosseous tumor margins can be 
difficult to appreciate. Preoperative imaging in the form of MRI and CT can be fused to form a three-
dimensional (3D) representation of the pelvis and tumor as described by Wong et al.1,2 and can be combined 
on the screen to form a visual representation. The benefit of this visual representation is that it allows detailed 
preoperative planning of osteotomies and their trajectories. Planned osteotomies can be marked on the 3D 
image or model to allow their visualization and preoperative rehearsal of their placement, which has been 
shown to improve surgical performance. 3 The degree of intraosseous disease cannot be appreciated with the 
naked eye, and therefore, the use of the preoperative scanning coupled with the preoperative resection 
planning has been shown to reduce the incidence of involved margins at resection. (4,5) 

Intraoperative navigation software requires matching to the patient on the operating table, enabling the 
software to assimilate the information obtained from the scans and map it to the patient. This process of 
registration combined with surface matching allows the software to establish a link between the real 
coordinates on the patient and the virtual coordinates within the imaging data, reducing the registration error 
to < 1 mm. Once this registration has been completed, an accurate image of the fused CT/MRI is displayed 
with an exact position of a hand-held probe placed on the surface of the exposed bone. This permits real-
time interactive assessment of the surgeons probe in space relative to the patient. It is possible to delineate 
distances between bone and soft tissue elements of the tumour without the risk of inadvertent intralesional 
resection. Instruments, such as osteotomes, can be calibrated to allow an accurate visualization of the exact 
position of the cutting blade of the instrument in relation to the osseous component of the tumour while 
performing a bone cut. The use of such devices has demonstrated accurate reproduction of the planned and 
actual margin achieved at resection. 6,7 

Jeys et al. demonstrated a reduction in intralesional margins in tumours excised from the pelvis and sacrum 
using navigation-assisted surgery. They showed a reduction from 29% before the use of navigation to 8.7% 
following the introduction of intraoperative navigation.8 Young et al. demonstrated clear margins in all 
patients who underwent navigation assisted tumour resection not only from the pelvis but also of diaphyseal 
tumours. 5 Cho et al. also showed clear margins were achieved in all 18 patients included in their study 
assessing the application of intraoperative navigation for both pelvic and metaphyseal tumours. 9  

Navigation has also been utilized in the field of limb reconstruction and limb salvage. Careful templating of 
tumours and soft tissues preoperatively can avoid unnecessary soft tissue resection and maintain function. 
Coupled with CAD-CAM software, allografts can be constructed that are tailor-made to fit into the precise 
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resections that the navigation can provide. These can be constructed for periarticular or diaphyseal tumours 
10 . Li et al. have described very promising results in their use of navigation for performing complex juxta-
articular resections in their limb salvage surgery with clear margins obtained in all cases, both around the 
knee and the proximal humerus. 11,12 Furthermore, the use of navigation has shown to be useful in joint 
preservation surgery whereby tumours located in the metaphysis require accurate, precise resection to spare 
the joint or physis of the adjacent joint.13 In a study of navigated chondrosarcoma excision around the knee, 
Aponte-Tinao et al. compared the resected specimens with the preoperative planned resections and found a 
high level of accuracy between the two. The mean difference between the planned and actual resections was 
2.43 mm.14 

A study by Wong et al. 15 has demonstrated the use of CT based navigation with arthroscopic techniques in 
performing curettage of benign bone tumours of the extremities. This small study notes the benefits of 
minimally invasive technique and the reduction in radiation dose through lack of continual intraoperative 
fluoroscopy. The margins of the tumour and tumour wall can also be better appreciated intraoperatively and 
thus ensure a more thorough debridement. Lee et al., who conducted a study on 8 patients with deep benign 
bone tumours who underwent arthroscopic curettage with a navigated burr, reproduce these findings. 16 

Image guided surgery has its pros and cons. While increased cost, increased preoperative planning time, the 
learning curve for development of surgical skills and the lack of evidence for long term outcome benefit are 
current drawbacks, the longer-term benefits of the use of navigation in oncological surgery will only be able 
to be measured with time. Logic dictates that any surgical technology that enhances patient safety, facilitates 
surgical accuracy and leads to improved patient care will be increasingly embraced with continuing efforts 
to overcome the logistic challenges in its implementation. 
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Utility of Semi-automated Myrian Software in Liver Resections 

Dr. Vikas Gupta, Dr. Shraddha Patkar, Dr. Nitin S Shetty,  
                                    Dr. Suyash Kulkarni, Dr. Mahesh Goel 

 
There has been a steady increase in liver resections for both primary and metastatic liver disease over the 
last few decades because of advances in surgical techniques, improvement in preoperative diagnostic 
assessment and perioperative management.  The central objective of any liver resection surgery is to achieve 
adequate functional liver parenchyma with preserved inflow and outflow so that the remnant liver is able to 
recover its synthetic ability and detoxifying functions to compensate for the lost hepatic parenchyma 1. At 
the same time, accurate determination of any hepatic parenchyma dysfunction is important as the presence 
of underlying liver disease can potentially influence the surgical resectability of a lesion. Patients undergoing 
major hepatic resection are at increased risk for peri- and postoperative complications 2 with post-
hepatectomy liver failure (PHLF) being a major cause of mortality.  

Liver resections require extensive pre-operative work up and planning due to a high incidence of vascular 
and biliary anatomical variations. Liver volume estimation forms an integral part of preoperative evaluation.  
Preoperative baseline liver function, standardized liver volume (SLV), and postoperative residual liver 
volume (future liver remnant or FLR) need to be estimated before planning surgery 3. The required FLR for 
each patient is a function of various patient as well as surgery related factors and therefore, a range of various 
cut-off percentages have been proposed in various studies. One of prospective studies found it to be 26.5 % 
in patients with healthy liver 4.  On the other hand, patients having underlying liver disease with impaired 
baseline function of the hepatocytes require considerably larger FLR than a normal liver. A patient with 
cirrhosis or high-grade steatosis will require an FLR of >40 % for major hepatic resections. 5. The SLV is 
based upon a formula that can be calculated either from a patient’s body weight (BW) or body surface area 
(BSA). The FLR-to-SLV ratio is used as an indicator in predicting the likelihood of postoperative liver failure 
after major hepatic resection, particularly in patients with pre-existing chronic liver disease. 3 

Multiple imaging modalities have been exploited to measure the volume of FLR, including computed 
tomography (CT), magnetic resonance imaging (MRI), as well as ultrasound 6. Among these, Computed 
Tomography Volumetry (CTV) is considered to be the current gold standard 6. Even while using CTV, FLR 
calculation can be done using manual, semiautomated, and automated tracing methods.  

a) Manual: Manual calculation involves manual contour tracing of the hepatic contours and summation 
of liver area on each axial section. Contour tracing can be carried out by a standard optical mouse or 
freehand electromagnetic pen contour-tracing method 7. Although this is routinely used for liver 
volume calculation, it is time consuming and prone to intra- and inter-observer variations 7. To 
further speed up the process, automated and semi-automated ways of volumetric measurements have 
been proposed.   

b) Automated: Various techniques and algorithms have been described for the automated methods of 
volumetry such as three dimensional (3D) active contour segmentation8  and active contour 
segmentation coupled with level set algorithms9. However, automatic segmentation often leads to 
error in certain CT images that are low in contrast or those having missing edges due to similar 
intensity of adjacent organs 3.  
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c) Semi-automated: Semi-automated methods on the other hand also seek inputs from the user to guide 

automated segmentation, thus providing more flexibility and control over the volumetric 
determination 3. Myrian XP-Liver (Intrasense) software is a type of Semiautomated FLR calculator. 

Myrian: 

All patients being planned for liver resection undergo a triphasic CT scan with axial images of the arterial, 
portal, and venous phases. The parameters evaluated by the software to estimate FLR included total liver 
volume, volume of normal liver to be respected, and tumor volume.  The estimated resection volume is the 
sum of volume of normal liver to be respected and tumor volume. Once the CT images are fed in the software, 
the liver outline, hepatic artery (HA), portal vein (PV), hepatic veins (HV), and their branches are drawn 
automatically by the software. After setting seed points into the hepatocaval confluence and the main stem 
of the PV, the system automatically segments the HV and PV while vessels that are not automatically 
identified by the software are drawn manually. Once the transection plane is defined, CT volume is recorded 
as the volumes of the intrahepatic vessels in the liver area marked to be included in resection. This is when 
the intended surgical resection plane as decided by the operating hepatobiliary surgeon is taken into account 
and virtual hepatectomy line is generated using volumetric reconstruction of the normal liver parenchyma, 
tumor, and hepatic vasculature. The software automatically calculates FLR using the formula, FLR = (Total 
Liver Volume–Resected Volume) / (Total Liver volume–Tumor Volume) which is expressed in percentage9. 
 
As the intrahepatic vessels are color coded in this software, liver sub segmentation can be performed in real 
time according to vascular supply (i.e., PVs and HAs) or drainage (i.e., HVs) rather than the standard 
Couinaud classification system, which does not take into account the different anatomical liver variants seen 
in individual patients.  This increases the precision in removing tumor with adequate margins without 
removing excess of normal liver parenchyma, more so while performing parenchyma sparing anatomical 
resections in cirrhotic patients9. Various studies have shown a high degree of correlation between FLR 
calculated by automated/ semi-automated methods with the intraoperative specimen volume10 as well as that 
of calculated pre-operative remnant liver volume and actual post-operative remnant volume on CT scan11. 

Conclusion : 
 
Volumetric determination is multidisciplinary and requires close coordination between the surgeon and the 
intervention radiologist. The plane of transection, resectability and exact tumour extent needs to be discussed 
in joint clinics so as to decide the optimum surgical plan for a given case. Myrian has allowed us to perform 
major hepatic resections and resections in patients with cirrhosis, with great precision, thereby increasing 
surgical safety. 
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Indocyanine Green (ICG) In Uro-Oncology  

                                                                            Dr. Sai Venkat, Dr. Manoj Tummala,  
Dr. Amandeep Arora, Dr. Gagan Prakash 

  
A step in the evolution of surgery over the years has been “image-guided surgery”, wherein, intra-operative 
optical enhancement aids identification of anatomical and functional features and facilitates surgery. One 
important technique of such enhancement, the use of which has increased greatly in recent years, is 
indocyanine green (ICG) with near-infrared fluorescence (NIRF). 
  
How does ICG work? 
ICG is an anionic, water-soluble tricarbocyanine molecule that does not have any metabolites. It is available 
as a powder which is reconstituted with sterile water. On injecting intravenously, ICG quickly binds to 
albumin and remains in the intravascular compartment. Incident light of 780 nm excites the ICG resulting in 
photon emission at 820 nm, thus enabling identification of ICG and in turn, identification of vascularity. 
Similarly, lymphatic channels and draining lymph nodes are highlighted when ICG is injected into malignant 
lesions. Both these wavelengths lie in the near infra-red range and thus don’t interfere with viewing when 
white light is used. While laparoscopic and robotic systems have an inbuilt mechanism for toggling between 
NIRF and white light, special hand-held cameras are available for open surgery. 
 
The recommended doses of ICG are summarized in the following table: 
 
Table: Recommended dosage of indocyanine green as per the indication 

Indication Dosage 

Intravenous use for assessing vascularity 1-2 cc of 2.5mg/ml solution 

Interstitial use for assessing lymphatics and draining 
nodes 

2-4 cc of 1.25mg/ml solution 

Intra-ureteral use to assess stricture length (off-label 
use) 

10-20 cc of 1.25 mg/ml solution 

 
 
The various applications of ICG in uro-oncology are summarized below. 
 
A. PARTIAL NEPHRECTOMY 

1. Tumor localization 
Normal renal cortex has the transporter bilitranlocase which binds ICG. Renal tumor cells especially the 
malignant ones, lack this transporter and appear hypo-fluorescent, which helps in their delineation. Benign 
tumours may appear iso to hyperfluorescent. Toggling between NIRF and white light can help ensure a 
negative margin. This technique was shown to have a sensitivity of 84% and specificity of only 57% in 
differentiating benign from malignant tumours. However, Angell et al described that using a test dose of 
ICG, the appropriate dose for delineating the tumour from normal parenchyma can be estimated and this 
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strategy led to differential fluorescence in 82% tumours. Thus, ICG dosing for differential fluorescence needs 
to be standardized before it can be routinely recommended. 
 

2. Selective arterial clamping 
The renal hilum is dissected to identify segmental arterial branches and the branch most probably supplying 
the area of the kidney containing the tumour is clamped and ICG is administered. NIRF will show the tumour 
containing part of the kidney to be hypo-fluorescent, allowing tumour resection without global ischemia. 
Borofsky and colleagues compared 27 patients with ICG guided selective clamping and 27 patients with 
main renal artery clamping. They concluded that there was superior renal function in the selective clamping 
group at a mean of 14 days (reduction in eGFR -1.8% vs 14.9%, p=0.03). In a similar study in 84 patients, 
Mcclintock and colleagues concluded that ICG guided selective clamping leads to better short term 
functional outcomes, but this benefit is attenuated at 3 months. Nevertheless, this technique of ICG guided 
selective clamping is widely used and is, in fact, one of the most common applications of ICG in uro-
oncology today. Some authors have also described using ICG at the end of renorrhaphy to assess perfusion 
to the parenchyma surrounding the excised tumour.  

 
B. RADICAL PROSTATECTOMY 

1. Identification of the neurovascular bundle 
ICG injection just prior to pedicle dissection will highlight the vessels in the pedicle and help in preserving 
the neurovascular bundle when a nerve sparing prostatectomy is planned. Kumar et al reported their initial 
experience in 10 patients for identifying the “landmark artery” during nerve sparing robotic radical 
prostatectomy for improving quality of neurovascular bundle (NVB) preservation. They were able to identify 
the artery in 17/20 NVB (85%). Similar conclusions were drawn by Mangano and colleagues in their 
prospective comparison study in 52 patients.  
 

2. Sentinel lymph node (SLN) mapping 
ICG is injected into the prostate transrectally before robot docking. It guides the pelvic lymph node 
dissection. A systemic review of 21 studies reported a median sensitivity of 95.2% (range 50%-100%); the 
discrepancies may be due to different tracer application sites within the prostate. Harke et al compared ICG 
guided ePLND (n=59) with standard ePLND (n=59). ICG use had a sensitivity of 78% in identifying nodal 
metastasis, which the authors concluded was not sufficiently high to recommend ICG guided ePLND alone. 
In another prospective study by Shimbo et al on 100 patients, lymphatic drainage routes were determined in 
90% cases with 34% sensitivity and 65% specificity, leading the authors to conclude that ICG currently has 
a limited role in SLNM for prostate cancer. To summarize, the evidence for use of ICG in robotic radical 
prostatectomy is still evolving. 
 
C. RADICAL CYSTECTOMY  

1. Sentinel lymph node mapping 
Manny and Hemal performed ICG guided pelvic lymph node dissection in robotic radical cystectomy in 10 
patients. ICG was injected in the submucosa and detrusor muscle under cystoscopic guidance. Sentinel 
drainage was identified in 9 of the 10 patients at a median of 30 mins after injection. They concluded that 
ICG guided PLND is safe and feasible. However, SLNM in bladder cancer is still experimental; and routine 
template PLND is the recommendation as of today.  
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2. Mesenteric angiography   
ICG is injected intravenously before beginning intra-corporeal reconstruction to identify bowel arcades and 
maintain vascularity. Again, Manny and Hemal reported the safety and feasibility of this technique in 8 
patients undergoing robotic cystectomy with intra-corporeal neobladder reconstruction.  
 

3. Assessing vascular integrity of distal ureter  
Just before creating the uretero-intestinal anastomosis, ICG is injected intravenously to identify fluorescence 
in the small periureteric arteries.  Ahmadi et al in a retrospective study, compared 47 patients in whom ICG 
was used with 132 patients without the use of ICG at the time of intra-corporeal reconstruction. In the ICG 
group, a greater length of ureter was excised, and a greater proportion of patients had long segment (>5 cm) 
ureteric resection. At 14 months follow-up, the ICG group had no uretero-enteric strictures compared to a 
per-patient stricture rate of 10.6% and a per-ureter stricture rate of 6.6% in the non-ICG group (p=0.02 and 
p=0.01, respectively). This particular application of ICG can be used even in open surgery using hand-held 
cameras. 

D. SENTINEL LYMPH NODE BIOPSY (SLNB) IN PENILE CANCER 

ICG is injected intradermally at the base of the penis. Lymphatic channels and sentinel inguinal nodes are 
identified about 15 minutes later. Traditionally, dynamic sentinel lymph node biopsy (DSNB) in penile 
cancer has been performed using a combination of a radioactive tracer (99mTc-nanocolloid) and blue dye. 
Brouwer and colleagues from the Netherlands Cancer Institute had first reported on replacing the blue dye 
with ICG. ICG had technical advantages in the form of enhanced tissue penetration compared to blue dye 
and it also did not stain the surgical field. ICG guided imaging enabled detection of 96.8% sentinel nodes 
compared to only 55.7% for the blue dye (p<0.001). This group recently published their work on using this 
hybrid ICG - 99mTc-nanocolloid technique in 740 inguinal basins. Of all excised sentinel nodes, 98% were 
detectable with the gamma probe and 96% were visible with NIRF. In the patients who, in addition, had also 
received the blue dye, the sentinel node detection rate was 35% higher for NIRF than blue dye. Of the sentinel 
nodes that turned out to be tumour-positive, the detection rate with NIRF was 100%, while only 84% of these 
nodes stained blue. The authors concluded that ICG-99mTc-nanocolloid led to a significantly improved 
sentinel node detection rate over blue dye. This work represents the largest published work on the use of ICG 
in the field of uro-oncology. The feasibility and oncological adequacy of ICG guided SLNB in robotic video-
endoscopic inguinal lymphadenectomy (VEIL) was demonstrated by Bjurlin and Savio in two separate small 
series.  

E. ADRENALECTOMY 
Adrenal cortical tumours appear hyper-fluorescent after intravenous ICG administration while 
pheochromocytomas are hypo-fluorescent. It has been reported in small series that this distinction of the 
borders of the adrenal tumour borders allows for precise detection and complete removal of all adrenal tissue 
in cortical tumours, and also facilitates cortical sparing adrenalectomy in pheochromocytomas. However, 
data on the use of ICG in adrenalectomy is still evolving.    

 Safety profile of ICG 
ICG use is fairly safe with reported incidence of mild, moderate and severe complications of 0.15%, 0.2% 
and 0.05% respectively. Anaphylactic shock has been reported with intravenous ICG use; and hence it should 
be avoided in patients with allergy to iodides.  
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Conclusion: 
ICG with NIRF has several applications across the spectrum of uro-oncology and is being increasingly 
utilized by surgeons. Although the technical advantage of ICG use is evident, the clinical benefit needs to be 
validated in prospective randomized studies. The largest reported and definitively proven advantage of ICG 
is in the field of SLNB for penile cancer. However, most of the remaining reported data is in the form of 
small series from experienced centres. With increasing availability and decreasing costs, it is hoped that more 
robust data will be generated in the near future. 
 



Technology & Cancer Care 

 

Page 37 of 564 

Suggested Reading: 

1. Van Der Poel HG, Grivas N, van Leeuwen F. Comprehensive Assessment of Indocyanine Green 
Usage: One Tracer, Multiple Urological Applications. Eur Urol Focus. 2018 Sep;4(5):665-668.  

2. Van Den Berg NS, Van Leeuwen FWB, Van Der Poel HG. Fluorescence guidance in urologic surgery. 
Curr Opin Urol. 2012;22:109– 120.  

3. Kaplan-Marans E, Fulla J, Tomer N, Bilal K, Palese M. Indocyanine Green (ICG) in Urologic Surgery. 
Urology. 2019 Oct;132:10-17. 

4. Krane LS, Hemal AK. Is indocyanine green dye useful in robotic surgery? Nat Rev Urol. 2014;11:12–
14. 

5. Bates AS, Patel VR. Applications of indocyanine green in robotic urology. J Robot Surg. 2016;10:357–
359. 

6. Bjurlin MA, McClintock TR, Stifelman MD. Near-infrared fluorescence imaging with intraoperative 
administration of indocyanine green for robotic partial nephrectomy. Curr Urol Rep. 2015 
Apr;16(4):20. doi: 10.1007/s11934-015-0495-9. 

7. Nagaya T, Nakamura YA, Choyke PL, Kobayashi H. Fluorescence-Guided Surgery. Front Oncol. 
2017 Dec 22;7:314. doi: 10.3389/fonc.2017.00314 

8. Kumar A, Samavedi S, Bates A. Use of intraoperative indocyanine green and Firefly technology to 
visualize the ‘“landmark artery”’ for nerve sparing robot assisted radical prostatectomy. Eur Urol 
Suppl. 2015;2:ev36. 

9. Mangano M, De Gobbi A, Beniamin F, Lamon F, Ciaccia M, Macca- trozzo L. Robot-assisted nerve-
sparing radical prostatectomy using near- infrared fluorescence technology and indocyanine green: 
initial experi- ence. Urologia. 2018;85:29–31. 

10. Wit EMK, Acar C, Grivas N, et al. Sentinel node procedure in prostate cancer: a systematic review to 
assess diagnostic accuracy. Eur Urol. 2017;71:596–605.  

11. Manny TB, Krane LS, Hemal AK. Indocyanine green cannot predict malignancy in partial 
nephrectomy: histopathologic correlation with fluorescence pattern in 100 patients. J Endourol. 
2013;27:918–921.  

12. Bjurlin MA, Zhao LC, Kenigsberg AP, Mass AY, Taneja SS, Huang WC. Novel use of fluorescence 
lymphangiography during robotic groin dissection for penile cancer. Urology. 2017;107:267. 

13. Colvin J, Zaidi N, Berber E. The utility of indocyanine green fluorescence imaging during robotic 
adrenalectomy. J Surg Oncol. 2016;114:153–156. 

 

 

 
 



Technology & Cancer Care 

 

Page 38 of 564 

Sentinel Node Biopsy in Head and Neck Cancers 

Dr. Shivakumar Thiagarajan, Dr. Nithyanand 

Introduction : 

Presence of nodal metastasis is an important prognostic factor for patients with head and neck cancer, 
especially head and neck squamous cell carcinoma. 1 Though there is consensus regarding the need to address 
the neck in patients with cT3/T4 head and neck cancer with cN0 neck of different subsites 2, there still 
remains some debate regarding the need for neck dissection in patients with cT1/T2 head and neck cancer 
with a N0 neck, especially in patients with oral cancer (squamous cell carcinoma). 3 This is despite the 
availability of level I evidence favouring elective neck dissection over watchful waiting 4,5 as evident with 
the ongoing trial in early oral cancer by the Head and Neck Cancer Study Group of the Japan Clinical 
Oncology Group. 6 

The need for elective neck dissection in early head and neck cancer is decided based on the clinico-
radiological assessment of the neck and the risk of occult nodal metastasis as perceived by the location of 
the primary tumor. It is in this clinical scenario of early head and neck cancer with an N0 neck, especially 
oral cancer, that the applicability of sentinel node biopsy (SNB) has been tested and found to be useful in 
certain instances. 7 Nearly 70% of early oral cancers (cT1-T2 N0) do not have metastasis in the cervical 
lymph nodes on final histopathology after selective neck dissection. With the low sensitivity of clinical 
examination and lower ability to detect microscopic metastasis through USG, CT, MRI and PET, the only 
possible way to pick up occult cervical metastasis was by neck dissection, which is associated with some 
morbidity. 8 Sentinel node biopsy is one possible approach for picking up patients with occult metastasis and 
providing further treatment without the morbidity associated with a neck dissection. Its applicability in other 
subsites such as oropharyngeal, laryngeal cancer, salivary gland cancer, thyroid cancer is still investigational 
as the available evidence is more varied and deficient to apply in routine practice. 9 

Concept and Technique: 

Sentinel node (SN) is the first node to which the tumour drains into. The sentinel lymph node biopsy (SLNB) 
is based on the concept of orderly dissemination of tumor cells from the peritumoral lymphatics to the SN 
and subsequently to a distant lymph node.  The concept of sentinel lymph node (SLN theory) was put forward 
by Canabas 10, which was initially developed for penile cancer and later extended to cutaneous melanomas, 
breast cancer and certain gynecological cancers. 11,12 The procedure was further extended to head and neck 
cancers in the 1990s. 13 The procedure of SLNB involves preoperative (within 24 hrs prior to surgery) 
peritumoral injection of 99mTc colloid radiotracer, which is then followed by lymphoscintigraphy using planar 
or SPECT imaging to locate the SN. Intraoperative peritumoral injection of blue dye or fluorescent tracer 
(indocyanine green) is at times done to enhance the visual detection of the SN. However, this technique is 
less favoured and its usefulness has been inconsistent. 14 The position of sentinel node (SN) is identified 
based on imaging and marked preoperatively. A gamma probe identifies the SN radioactivity and these nodes 
are harvested. The node is subjected to rigorous histopathological examination with serial step sectioning 
(SSS) and immunohistochemistry (IHC) to identify metastatic disease 
(macrometastasis/micrometastasis/isolated tumor cells). The need to do a subsequent neck dissection 
depends on whether the sentinel node is harbouring metastasis or not. 15 
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Accuracy of SLNB: 

A multicentre prospective study by Alqureshi et al 16 in 2010, evaluated 134 patients. The sentinel lymph 
node detection rate was 93% with a false negative rate of 9%. There was lower sentinel node detection in the 
floor of mouth tumours. A similar multi-institutional study by Civantos 17 in 2010  evaluated 140 patients 
and quoted a negative predictive value of 96% and false negative rate of 9.8%. The largest series of 415 T1-
T2 oral cancer patients by Schilling et al 18 found a higher false negative rate of 14% and accuracy of 96%. 
Two recent meta-analyses comprising 66 studies and 35 studies in each, found a pooled sensitivity of 87-
92% and negative predictive value of 94-96%. 19,20 

Randomized trials comparing selective neck dissection (SND) with sentinel lymph node biopsy 
(SLNB): 

The only published (full text) randomized trial at present, is the one by the French group (Senti-MER trial) 
21 consisting of 307 patients, predominantly with early oral cancers (cT1/T2, N0), comparing SND versus 
SLNB. The 5-year neck node recurrence free survival was 89.6% versus 89.4% in both the arms respectively. 
Also, disease specific survival and overall survival were not different in either group. This proves 
equivalence in both approaches. The authors also reported shorter median hospital stay duration and better 
shoulder function in patients undergoing SLNB. However, this trial has several limitations. 22 Though it has 
been called an equivalence study design, a closer look reveals it to be a non-inferiority study. Many patients 
included in the trial were those with oropharyngeal cancer (n=35/279, 12.5%). The assessment of shoulder 
function was not appropriate. Indications for adjuvant treatment were not standard and frozen section for 
SLNB were not used routinely.  

Hasegawa, et al 23 presented their study, a randomized non-inferiority trial comparing SLNB versus elective 
neck dissection for patients with early oral cancer (cT1/T2, N0) at ASCO 2019 (Only abstract available). 
The authors have reported a non-inferior 3-year overall survival and relapse free survival in the SLNB group, 
compared to elective neck dissection. Arm abduction at postoperative 1 and 3 months in the neck dissection 
group was disturbed significantly compared with the SNB group. The authors concluded that SLNB 
navigated ND could replace elective ND without compromise in survival and reduce postoperative morbidity 
associated with neck dissection in patients with early oral cancer. To overcome the limitations of the Senti-
MER trial, Lai S, et al have launched a trial (April 2020 and expected to conclude in May 2036) comparing 
SLNB with elective neck dissection (NRG-HN006 (ClinicalTrials.gov identifier: NCT043333537). 

Advantages of SLNB: 

The main advantage of SLNB is that at present it is the best approach to pick up occult metastasis. Studies 
clearly prove that survival in SLNB negative patients is better than in SLNB positive patients. Broglie et al 
24 found a higher 3year-overall survival of 98% in SLNB negative versus 71% in SLNB positive patients. 
SLNB also picks up micrometastasis and isolated tumour cells (ITC) by SSS (nearly 58% have ITC and 
micrometastasis), which is not usually done in routine histopathologic examination by SND. Schilling et al 

18 also found a significant overall survival difference between ITC, micrometastasis and macrometastasis. 

Secondly, SLNB is able to pick up contralateral metastases. Moya-plana et al 25 found 12.8% contralateral 
sentinel nodal metastasis in 195 patients. The SENT trial 4 had 12.4% contralateral metastases in the group 
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of well-lateralized T1-T2 oral cancers. A routine SND does not cover contralateral metastasis for a well-
lateralized tumour. 

Thirdly, patients who were earlier treated by radiotherapy or surgery would not have the same drainage 
pattern as in per primum setting. SLNB in a pre-treated neck appears to be an option, as it is able to pick up 
metastases from unexpected locations. 

Also, SNB is associated with lesser postoperative morbidity and better shoulder function than elective neck 
dissection. 26 

Selection of patients for SLNB: 

The consensus statement for use of SLNB in early oral cancer has been well laid out by Schilling, et al. 14 
Generally, SLNB is recommended for T1-T2 (7thAJCC) oral cancers which are resectable with clear margins 
without the need for cheek flap or neck entry for reconstruction. Tumours with greater depth of invasion 
have higher chances of neck metastasis. There was no clear consensus with respect to the choice of treatment 
to the neck in relation to the DOI. However, a recent study by Den Toom et al. had found 15% chance of 
metastasis with tumours with DOI <3.4mm. Hence, staging of the neck should be done with SLNB 
irrespective of DOI. 27 

Limitations of SLNB: 

There is lower sensitivity of SLNB in floor of mouth (FOM) tumours as there is a shine through effect, which 
hampers discrimination between the primary and sentinel node. In a series of 488 patients, SLNB had a lower 
sensitivity of 63% with (FOM) tumours. 28 The learning curve for surgeons practicing SLNB is slow and 
steep. Lack of spatial resolution of gamma camera to identify the sentinel node is another drawback 
Operation theatre logistics and setup required for performing the procedure and subsequent neck dissection 
merits consideration. Also, there is very little evidence comparing SND and SLNB. 

Methods to improve accuracy of SLNB: 

To improve the spatial resolution, the advent of SPECT-CT has improved the accuracy of detecting SLN. 
Den Toom et al. found that SPECT-CT identified 15 additional SLN in 14 patients. 29 It also improves the 
topographical orientation during surgery. Tc99-Tilmanocept is a novel radiotracer, which clears rapidly from 
the injected site, but stays longer in the sentinel node and lower spillage to other nodes. It may be particularly 
useful in floor of mouth tumours and other head and neck cancers with complex drainage patterns. 

Conclusion: 
 
To conclude, SLNB is a highly sensitive approach to detect occult metastases in early oral cancers, except 
for floor of mouth tumours. SLNB has lower morbidity when compared to SND. However, the main 
limitation of SLNB is that it may require a second-stage procedure, lower spatial resolution of 
lymphoscintigraphy and logistics issues regarding the setup. In terms of application of SLNB to other head 
and neck cancers, the evidence is varied and insufficient to warrant its routine use. 
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SECTION II: ROBOTIC SURGERY 

Introduction: 
                  Dr. Ashwin D’souza 

The approval of the DaVinci robotic surgical system in 2000 by the United States FDA offered great promise 
to the surgical community worldwide.  True three-dimensional vision, a stable camera platform, motion 
scaling, tremor filtration and most importantly endo-wristed instruments with seven degrees of freedom were 
some of the technological advantages offered by the robotic system over conventional laparoscopy.  

Over the last 20 years, surgeons have utilized robotic assistance for nearly every oncological procedure 
described, including advanced procedures like pancreaticoduodenectomy and liver resections. The years 
have seen novel applications of the robot in trans-oral resections, trans-anal resection of early rectal cancer 
and even in procedures like thyroidectomy and neck dissection, where the concept of minimally invasive 
surgery seemed a futuristic possibility.  

The initial promise and enthusiasm associated with robotic surgery has been tempered by the results of 
randomized trials published in the last 5 years. While these trials definitely do not condemn the robot as 
inferior, the results largely show equivalence with laparoscopy in terms of objective endpoints where a clear 
benefit of the robot was expected. Perhaps the only area where minimally invasive surgery in oncology has 
shown a detriment in survival outcomes has been in radical hysterectomy for cervical cancer. Although 
results from ongoing trials are still awaited, the recommendation at present is open surgery for early cervical 
cancer. 

Technology in medicine has never been stagnant. The DaVinci system itself has been upgraded thrice in the 
last 20 years. Unfavorable or equivocal results from randomized trials are not roadblocks to progress but 
rather serve as an impetus to further evolve and innovate. As we objectively evaluate how far we have come 
in minimally invasive and robotic surgery, we look to the future for better technology and novel concepts to 
further benefit cancer patients to enable them to live longer and better.  

This section presents the best available evidence for robotic surgery in a few fields where strong evidence 
has been generated through randomized clinical trials. We hope this will be a starting point to a more nuanced 
utilization of this exciting technology. 
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Robotics in Head and Neck Surgery  
Dr. Shivakumar Thiagarajan, Dr. Gurukeerthi. 

Introduction: 

Robots in surgery were first used to do a brain biopsy in 1985 (PUMA 560).(1) Subsequently, various types 
of surgical robots were manufactured and eventually, the present generation of Da Vinci surgical robotic 
systems took center stage. Since then, the Da Vinci system has been approved for use in various surgical 
procedures. (2) Trans Oral Robotic Surgery was pioneered in the field of Otolaryngology by Bert O'Malley 
and Gregory Weinstein in 2005 at the University of Pennsylvania. It utilized the principles of "Natural Orifice 
Transluminal Endoscopic Surgery" and provided access to the larynx, pharynx, and hypopharynx without a 
scar. TORS was finally approved by FDA in 2009. (3) With time, various other indications of robots were 
explored in head and neck surgery. (4) Robotic surgery, in general, has certain advantages such as reduction 
of tremors, better (3D) visualization of the operative field, enhanced dexterity, and surgeon friendly 
ergonomics. There are certain disadvantages such as the learning curve, the absence of haptic feedback, and 
the cost of the setup and the procedure per se. (4,5,6) Though there have been expanded indications of 
robotics in head and neck surgery, there has not been robust evidence to support its use in many areas. This 
article aims to critically appraise and draw a scientific summary of the available literature on the topic. 

Transoral Robotic Surgery (TORS):  

Oropharyngeal carcinoma: 
In 2005, McLeod and Melder used the Da Vinci robot to excise a vallecular cyst. (7) Subsequently, Weinstein 
and colleagues reported favorable results for TORS assisted radical tonsillectomy with acceptable morbidity. 
(8) Eventually, in 2009, FDA approved TORS for the treatment of early-stage oropharyngeal cancer. (9) 
However, since then the indications have expanded beyond OPSCC to include treatment of laryngeal & 
hypopharyngeal tumors as well among others. (9) TORS helps in maximizing exposure while minimizing 
surgical morbidity such as the requirement for a tracheostomy, pharyngotomy, and/or reconstructive 
procedures.  Rich et al (10) identified eight factors (the eight Ts) necessary to ensure proper access with 
TORS: teeth, trismus, transverse dimensions (mandibular), tori, tongue, tilt, treatment (prior radiation) & 
tumor. Patients with morbid obesity, micrognathia, microstomia, craniofacial abnormalities are not suitable 
candidates for TORS. 

Abundant data of TORS for oropharyngeal cancer is available including a recently published phase II 
randomized trial. Moore et al reported the first prospective case series of TORS to treat oropharyngeal 
squamous cell carcinoma (OPSCC) in 2009. This study concluded that TORS was a safe treatment option 
with an acceptable oncological outcome. (11) De Almeida et al carried out a retrospective review of 410 
patients (majority with early-stage OPSCC) from 11 participating institutions. In that study, the 2-year 
locoregional control rate was 91.8%, disease-specific survival 94.5%, and overall survival 91%. This large, 
multi-institutional study supported the role of TORS for patients with oropharyngeal cancer. (12) Park et al 
in their systematic review and meta-analysis of 9 articles consisting of 574 patients comparing TORS with 
open surgery for OPSCC concluded that patients undergoing TORS had a better DFS, lower risk of free flap 
reconstruction, shorter time for decannulation of the tracheostomy tube, and shorter duration of hospital stay. 
(13) De Almeida et al performed a systematic review and meta-analysis comparing the effectiveness of 
TORS with radiotherapy (IMRT) for patients with early-stage OPSCC. They concluded that the survival was 
similar between the two groups with the difference being in the adverse events. (14) 
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The only randomized trial (phase II) trial published recently comparing TORS and radiotherapy in early 
OPSCC was the ORATOR trial. (15) The primary endpoint of the trial was swallowing related QOL at 1 
year (MD Anderson Dysphagia Inventory (MDADI) score). A total of 68 patients (34 per group) were 
enrolled in the study & randomly assigned to two groups. Results indicated superior swallowing related QOL 
scores for the RT group than TORS at the end of 1 year. However, the oncological outcome did not differ 
between the groups. The toxicity pattern differed between the two groups. The authors concluded that 
patients with OPSCC should be informed regarding both treatment options. However, the trial had various 
issues such as the modest sample size, comparing patients receiving single-modality treatment to those 
receiving multimodality treatment and absence of information with regards to the margins based on which 
adjuvant treatment was given. (16) Hence patient ’s selection for different treatment modalities is of utmost 
importance. A number of ongoing trials are comparing various surgical and non-surgical treatment options. 
The results of these trials will most likely change the treatment of patients with OPSCC. (17) 

Laryngeal and Hypopharyngeal Carcinoma: 
The indications presently have expanded to include supraglottic & hypopharyngeal tumors with emphasis 
on organ preservation & quality of life. An increasing number of studies have reported the success of TORS 
in the treatment of laryngeal or hypopharyngeal cancers especially its utility in performing supraglottic 
laryngectomy. The first application of TORS for supraglottic cancer (SGL) was described by Weinstein et 
al in 2007. (18) A multicentric study was carried out by Razafindranaly et al to assess the efficiency, safety 
& functional outcomes of TORS-SGL in 84 patients. (19) Overall, outcomes were good, but 9.5% of patients 
required percutaneous gastrostomy feeding, 24% required a temporary tracheostomy, and 1% definitive 
tracheostomy. Besides, aspiration pneumonia was observed in 23% of the patients (with one death), and 
postoperative bleeding in 18% of patients. The results of that study led the authors to conclude that TORS is 
safe and achieves good functional outcomes with fast recovery, but that it also presents a risk of serious 
adverse events. Supraglottic laryngectomy requires a rather stringent case selection. T1, T2, and selected T3 
tumors can be subjected to SGL. Apart from general contraindications for TORS, TORS-SGL is 
contraindicated in patients with cartilage erosion, impaired cord mobility, post commissure invasion, 
paraglottic space invasion, and invasion of the base of tongue muscle. (20,21) Similarly, some reports suggest 
that TORS can be used for hypopharyngeal cancer. Park et al compared oncological and functional outcomes 
in patients who underwent TORS-assisted hypopharyngectomy (n = 30) vs. open surgery (n = 26), finding 
no significant differences in overall and disease-specific survival at 3 years. (22) 

Multiple case series of transoral robotic cordectomy for early glottic carcinoma have also been reported, 
however, there is no comparison with the well-established standard endoscopic cordectomy procedures. 
Kayhan (n=10), Lallement (n=13), De Vergili (n=18), and Wang et al (n=8) have reported outcomes on per 
primum and/or recurrent stage T1- T2 glottic carcinoma cases. (23) The worst reported complication was a 
breach of cricothyroid ligament leading to cervical emphysema and bleeding culminating in tracheotomy for 
15 days (n=1). Oral intake was successfully resumed 6-24 hours after surgery in most of the patients. 
 
Reports regarding transoral robotic total laryngectomy have emerged for certain select indications such as in 
salvage settings where limited disease is present, not amenable for partial laryngectomy. Other indications 
include laryngectomy for malignant tumors without the need for a neck dissection e.g., chondroma or low-
grade chondrosarcoma and laryngectomies for a dysfunctional larynx. Breach in the laryngeal framework 
with exolaryngeal spread of the disease is an obvious contraindication for the procedure. Very few reports 
of this procedure have been documented to date (n=15). Among the reported series, the rate of 
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pharyngocutaneous fistula has been up to 28.6 %. Long term morbidity and survival outcomes are yet to be 
reported for this procedure and this warrants guarded indications and needs further studies. (23) 

Robot-Assisted Thyroid Surgery: 
With an intent to avoid scar in the neck several endoscopic approaches to perform thyroidectomy were 
introduced, namely infraclavicular, bilateral axilla breast approach, etc. None of these approaches were 
shown to be superior to others. All the endoscopic thyroidectomies had issues such as restrictions of 
instrument movement, the requirement of gas insufflation, and multiple assistants and 2D vision. Robot-
assisted thyroidectomy caters to the patients' need for minimally invasive or scarless surgery, whilst 
obliterating the limitations of endoscopic surgery. (24) 
 
Robotic thyroidectomy is usually indicated for patients with T1-T3 differentiated thyroid carcinoma. Gross 
extrathyroidal extension, RLN involvement and esophageal involvement are absolute contraindications for 
the procedure. The presence of lateral neck metastasis is no longer a contraindication, as it can be addressed 
by the use of robotic neck dissection in the same sitting. However, no randomized trials are available 
addressing the difference in functional and oncological outcomes between robotic and open thyroidectomy. 
(24) The most robust evidence is in the form of systematic reviews and meta-analysis of retrospective and 
prospective series. 
 
The available evidence (level 2a) supports robotic thyroidectomy to be superior to open thyroidectomy in 
terms of feasibility, safety, and cosmesis.  No significant differences were reported about complications 
(transient and permanent hypoparathyroidism, temporary and permanent recurrent laryngeal nerve or 
hemorrhage) encountered following a robotic thyroidectomy in comparison to open thyroidectomy (level 2a 
evidence). (24,25) 
 
Many systematic reviews and meta-analyses have suggested the oncological efficacy of robotic 
thyroidectomy. Kanil et al (26) published a meta-analysis in 2015 of 18 articles comprising a total of 4878 
patients. 1902/4878 underwent robotic thyroidectomy and 1100 underwent endoscopic resection, the 
remaining underwent open thyroidectomy. Their report also showed similar rates of complications in all 
groups except temporary hypocalcemia. A major limitation of these studies is that they are based on 
retrospective literature and the patients included have undergone different types of thyroidectomies. 
Similarly, several systematic reviews and meta-analysis reporting the oncological safety of robotic surgery 
have asserted equal or nonsignificant difference in lymph node yield, post-operative serum thyroglobulin 
level, post- ablative radio-iodine uptake, locoregional recurrence, or overall survival (24) Recently, transoral 
robotic thyroidectomy or scarless robotic thyroidectomy has also gained popularity. 
 
However, certain novel complications have been reported following robotic thyroidectomy. Brachial plexus 
injury and tracheal injury are notable ones. Brachial plexus injury is encountered because of the position of 
the arm, wherein it undergoes 180 degrees of extension. It has been reported to be overcome by modification 
in the positioning by various authors. Tracheal injury has been reported but has never been severe enough to 
warrant active intervention. (24) 
 
There is no randomized controlled trial comparing open thyroidectomy versus robotic thyroidectomy looking 
at the oncological safety, complication rates, quality of life, and cost-effectiveness at present. Apart from 
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scar cosmesis, no apparent benefit is expected from robotic thyroidectomy. This approach has a high cost 
and limited benefit, and warrants guarded use especially in a resource-constrained setup. 
 

Robot-assisted surgery for salivary gland: 
Robot-assisted parotidectomy with or without robotic neck dissection via a retro auricular approach in 
patients with parotid benign and malignant tumors was reported by Park, et al.  They reported a series 
consisting of 53 patients, the majority being for benign lesions (n=35). They concluded that robot-assisted 
parotidectomy was a feasible and safe technique in patients with parotid, benign and malignant tumors with 
a caveat that long term follows up is essential to ascertain oncological safety and efficacy. (27) Robotic-
assisted excision of the submandibular gland using the retro auricular approach has also been reported. 
However, there is no robust evidence even in the form of large retrospective series to support its routine use 
as of today. (28) 
 

Robot-Assisted Neck Dissection (RAND): 
Given the acceptance of the use of robotic-assisted surgery in the head and neck, its application has increased 
to various head and neck surgical procedures. Like most other surgical procedures, there is no randomized 
trial comparing RAND and open neck dissection. RAND has mostly been used for primary oral, 
oropharyngeal cancers and differentiated thyroid cancer. Though there are studies which have reported on 
various outcomes post RAND, the level of evidence is still low. The best available evidence is the systematic 
review and meta-analysis of many retrospective and prospective studies. Sukato, et al in their systematic 
review and meta-analysis have concluded that RAND offers similar outcomes in comparison to open neck 
dissection. The total nodal yield, pathological nodal yield, recurrence rate, rates of perioperative 
complications, and length of stay, were not significantly different between the two methods. However, the 
operative time was significantly more in the RAND group. Though cosmesis was reported to be better in the 
RAND group, the authors have cautioned that the results have to be interpreted keeping in mind reporting 
bias and the use of non-validated tools to assess cosmesis. (29) 
 
 Parapharyngeal space: 
The parapharyngeal tumors encountered are most commonly salivary gland tumors followed by neurogenic 
tumors. O'malley et al had pioneered TORS for PPS in 2007 with a case series of 10 patients and a local 
control rate of 100% at 29.9 months. (30)  An appropriate patient selection algorithm has been suggested by 
Chu et al for PPS tumors. (31) TORS should be reserved for well-circumscribed tumors with intact fat planes 
with carotid and laterally placed ICA. The surgeon should be well versed with the open surgical approach 
and should convert to open procedure in case required. There is a definite lack of adequate literature 
addressing the surgical and oncological safety of this approach. 
 
Conclusion: 

Like in the past, the adoption of new technology, robotic procedures, in this case, has been widely done 
before the generation of reliable (level I) data. There are limited absolute indications for robotic surgery in 
the head and neck as of today. The only available randomized evidence for robotic surgery is for TORS for 
oropharyngeal carcinoma (Phase II RCT), the evidence for other procedures has been based on large 
prospective, retrospective series, and their subsequent systematic review and meta-analysis. There is still 
room for generating more robust evidence before these procedures are adopted widely in routine practice.  
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Robotic Radical Cystectomy – The Evidence So Far 
                           Dr. Amandeep Arora, Dr. Mahendra Pal, Dr. Ganesh Bakshi 
 
Radical cystectomy (RC) with extended pelvic lymph node dissection (PLND), following neoadjuvant 
chemotherapy, is the standard of care for muscle invasive bladder cancer (BCa). This technically demanding 
surgery has traditionally been performed by the open approach (ORC). The last decade has witnessed the 
evolution of Robotic RC (RRC), initially with extracorporeal urinary diversion (ECUD) and later with an 
intracorporeal one (ICUD). Multiple single centre retrospective studies have shown that RRC is technically 
feasible, safe and associated with a lower rate of complications than ORC. 
 
Level 1 evidence for RRC 
The first randomized controlled trial (RCT) comparing RRC with ORC, was reported by Nix and colleagues 
in 2010.1 With 20 patients in each arm, their results showed that RRC was non-inferior to ORC with regards 
to the primary endpoint of lymph node (LN) yield (mean of 18 in RRC vs 19 in ORC). LN yield was 
considered to be a surrogate indicator of surgical quality and thus, this study provided evidence for safety 
and technical feasibility of performing RRC in a manner equivalent to the ‘gold standard  ’at that time – ORC. 
Median operative time was longer in the RRC arm (4.2 hrs vs 3.5 hrs), while the robotic approach fared 
better with regards to estimated blood loss (EBL) and analgesic requirement. The incidence of peri-operative 
complications was similar in both groups. 
 
This was then followed by an RCT from the MSKCC group in 2015, with a primary end-point of 90-day 
complications.2 Sixty patients were randomized to each arm, and the RCT failed to identify a significant 
benefit of RRC over ORC. The 90-day complication rate, length of hospital stay (LOS), pathological 
outcomes and quality of life outcomes at 3 and 6 months were similar across the two groups. The trial was 
criticized for not being reflective of the general patient population that undergoes RC, as only 8% of patients 
in both arms had T3/4 disease while around 55% patients in both groups had non-muscle invasive disease. 
Other limitations included little prior RRC experience of the surgeons and lack of assessment of immediate 
peri-operative morbidity in the study. 
 
The Cystectomy Open Robotic and Laparoscopic (CORAL) trial (2009-2012) was conducted at Guy’s 
Hospital, London and randomized 20 patients to each arm.3 The trial concluded that the 30-day complication 
rates were significantly different in the 3 arms – open 70%, robotic 55%, laparoscopic 26% (p=0.02). 
However, this difference was only observed in Clavien-Dindo I and II complications and the numbers were 
too few to draw any meaningful conclusions. In fact, the trial was terminated after an interim analysis failed 
to show any significant difference between the 3 arms with regards to 30-day major and 90-day overall 
complications. The group recently reported their 5-year oncological outcomes and found no difference in the 
3 arms. 4 
 
The above 3 RCTs were single centre studies with a small sample size. With a non-inferiority trial design, 
the RRC vs ORC in bladder cancer (RAZOR) trial provided the first multi-centre randomized evidence for 
the oncological efficacy of RRC.5 Across 15 centres in the US, 150 patients were included in each arm. The 
trial did not find any difference between the 2 approaches for its primary end-point of 2-year progression 
free survival (RRC 72.3% vs ORC 71.6%). RRC was associated with a comparable incidence of major 
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complications with an improvement over ORC in per-operative parameters like EBL and LOS. A meta-
analysis of the above 4 RCTs drew similar conclusions. 6 
 
The RAZOR trial recently reported their 3-year oncological outcomes which were similar with ORC and 
RRC. The longest follow-up period after RRC was reported by the International Robotic Cystectomy 
Consortium (IRCC) in 2019; 10-year recurrence-free, disease specific and overall survival rates were 59%, 
65% & 35%, respectively. Thus, there seems to be enough evidence for the oncological non-inferiority of 
RRC. However, a significant benefit with regards to peri-operative complications has not yet been 
demonstrated.  A common criticism of all these 4 RCTs is that the urinary diversion in all robotic cases was 
performed extra-corporeally. It is well known that the primary cause of peri-operative morbidity resulting 
from RC is not the cystectomy itself, but rather the reconstruction for the urinary diversion. An extra-
corporeal urinary diversion (ECUD) dilutes the benefit that the robotic approach offers during a cystectomy, 
and thus results in an unfair comparison with ORC. To this end, a UK multi-centre RCT (iROC) is underway, 
comparing ORC with RRC and intra-corporeal urinary diversion (ICUD) 7 The trial has completed accrual 
and its primary outcome is to compare the number of days alive and out of hospital (DAOH) within 90 days 
from surgery. This particular end-point takes into account both LOS and readmission, providing a more 
accurate estimate of post-operative morbidity. 

 
Current evidence for intra-corporeal urinary diversion 
All current evidence for ICUD comes from retrospective studies. In 2017, the IRCC published the largest 
reported data comparing ICUD and ECUD. 8 In their entire cohort of 2125 patients across 26 centres, 1094 
(51%) underwent an ICUD. Patients in the ICUD cohort had shorter operative times (357 vs 400 min), less 
EBL (300 vs 350 ml) and a lower rate of blood transfusions (4% vs 19%). The use of ICUD in RRC increased 
from 5% in 2005 to 97% in 2015. This increase was primarily noted for intracorporeal ileal conduits and to 
a lesser extent for intracorporeal neobladders. Patients with ICUD had a higher incidence of complications 
(57% vs 43%), especially in the first 30 days. However, the incidence of Clavien Dindo 3-5 complications 
with ICUD reduced significantly over time from 25% in 2005 to 6% in 2015. A recently reported meta-
analysis comparing ECUD and ICUD included a total of 6 retrospective studies (2593 patients) and reported 
similar outcomes. 9 This review noted that there was an initial delay in the adoption of ICUD due to the 
technical difficulties associated with intra-corporeal bowel resection, anastomosis and uretero-ileal suturing. 
However, most studies showed operating times with ICUD to be comparable to those of ECUD, suggesting 
that with increasing experience, the technical challenges of ICUD can be overcome. Another thing to note is 
that most reports of ICUD come from high volume centres and thus, the outcomes may not be generalizable. 
ICUD with continent cutaneous urinary reservoirs have also been described in the form of single institute 
case series. 
 
A large 3-way comparison of ORC, RRC with ECUD and RRC with ICUD was reported from the Cleveland 
Clinic. 10 RRC with ICUD was found to be associated with a lower 30 and 90-day complication rate compared 
to the other 2 groups. 
 
An intracorporeal neobladder substitution is more intricate than an ileal conduit diversion and should 
inherently be associated with a higher incidence of peri-operative complications. However, none of the 
studies on ICUD report a comparative analysis of the outcomes with an intracorporeal neobladder vs conduit. 
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Functional outcomes (continence, urodynamic findings, sexual function) with an intra-corporeal neobladder 
have been found to be similar to those reported with an extra-corporeal substitution. 11 

 
Cost implications 
Cost comparisons across studies are confounded by differences in the public and insurance systems between 
countries and assessment of indirect costs associated with complications and readmissions. In their RCT, 
Bochner and colleagues found significantly higher cost associated with RRC compared to ORC, which was 
mainly attributed to the equipment and longer operating times. 2 Finer analysis in a recent review showed 
that there was no difference in costs between ORC and RRC for high volume surgeons and institutions. This 
could be explained by lesser complications, shorter LOS and lower re-admission rate. 
 
Health Related Quality of Life (HRQoL) outcomes 
The above-mentioned trials have used various tools to assess HRQoL and found no difference between the 
ORC and RRC groups at 3 and 6 months.  A criticism of such HRQoL reporting is that it does not take into 
account the immediate post-operative differences between ORC and RRC; and also, does not throw light on 
long term outcomes. 
 
Evidence from India 
Ram et al. reported a non-randomized prospective cohort study comparing ORC (n=45) with RRC (n=125) 
across 2 centres from 2014-15. The type of reconstruction (ECUD vs ICUD) was not mentioned. RRC was 
found to be associated with less EBL, a shorter LOS and a lower complication rate (39% vs 54%). The LN 
yield with RRC was found to be significantly better than that with ORC (median 22 vs 19, p = 0.04). 12 

Conclusion : 
Like with any other surgical technique, RRC has gone through the spectrum of initial case series followed 
by retrospective studies, non-randomized prospective studies and finally RCTs over the last 10-15 years. We 
have level 1 evidence for the technical feasibility, oncological equivalence and safety of performing a RRC. 
We have not yet been able to demonstrate a true benefit of RRC over ORC in terms of peri-operative 
morbidity. But this is largely due to the fact that the published RCTs used ECUD which mitigated the benefit 
of a minimally invasive cystectomy. A multicentre trial evaluating ICUD (iROC) is ongoing and its results 
are eagerly awaited. 
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Robotics in Rectal Cancer 
            Dr. Muffaddal Kazi, Dr. Avanish Saklani 

 
One of the reasons why certain trials that compared laparoscopic and open resections had negative results 
was that they included a higher proportion of low rectal cancers. Very low in the pelvis, it becomes 
exceedingly difficult for non-articulating instruments to perform intricate dissection, thus increasing 
conversions to open surgery and inadequate total mesorectal excision (TME) quality. These problems are 
compounded by neo-adjuvant radiation, narrow male pelvis and obesity. The robotic platform was expected 
to overcome some of these hurdles by wristed movements, 3D vision, seven degrees of freedom, tremor 
filtration and a stable optical system under the control of the operator.  
 
The validity of this hypothesis was supported by multiple non-randomized studies. The national cancer 
database (NCDB) comparison demonstrated a 9.5% conversion rate for robotic resection versus 16.4% for 
laparoscopic surgery 1. In terms of pathological quality, a small randomized controlled trial (RCT) of 163 
patients exhibited high quality TME specimen for both robotic and laparoscopic proctectomy 2. Few cohort 
studies have reported on the oncological equivalence of robotic and laparoscopic resections. A 3 year LR of 
2.7% for robotic and 6.3% for laparoscopic surgery (p – 0.42) with similar DFS and OS was reported from 
two single institution studies 3,4.  
 
All trial comparing laparoscopic to open resection in the long term showed similar oncological outcomes 
with short term benefits of reduced pain, early ambulation and discharge. However, apart from the COREAN 
study, they were associated with high conversion rates to open surgery ranging from 10 to 34 percent 5. The 
laparoscopic arm in the COLOR 2 trial demonstrated improved outcomes for low rectal cancer compared 
with open surgery, while mid rectal cancers had suboptimal outcomes in the laparoscopic arm 6. Studies that 
compared laparoscopic and robotic rectal resections showed similar short term outcomes but lower 
conversion rates in the robotic group which laid the basis for the ROLARR trial, the only randomized study 
comparing robotic and laparoscopic rectal resections 7.  
 
In the ROLARR trial, the primary end point was the conversion rate while pathological and quality of life 
parameters were secondary outcomes. Conversion rate was lower in the robotic surgery arm without 
statistical significance, 8.1% vs. 12.2% (OR – 0.61 p - 0.12). Similar CRM positivity and TME quality was 
noted in both groups. The trial began accruing when data only from MRC CLASSIC trial was available, 
where conversion rates for laparoscopic surgery was 34%. Trial design was based on these assumptions, 
which is why the difference in conversion rates did not reach statistical significance in this superiority study 
design. In a subset analysis, a higher BMI led to more conversions in the laparoscopic group. (OR – 16.1; p 
- <0.001) This suggests the potential role for robotic resection, where visibility and manipulation in the low 
pelvis becomes an obstacle. Similarly, male patients had higher conversions with laparoscopic resections 
(OR – 6.9; p- 0.04).  Lastly, when the intended procedure was sphincter preservation for low cancers rather 
than an abdominoperineal excision, laparoscopic cohorts experienced higher conversion (OR – 7.2; p – 
0.007). All of these 3 variables reflect in essence the same point that intricate dissection with precision is 
possible with greater comfort using the robotic platform. With regards to the secondary end points in the 
trial, there were no differences in pathologic margin positivity, TME quality, complications or quality of life 
at 6 months. Some retrospective studies also described early recovery of urinary and sexual outcomes which 
could not be confirmed by this trial. Another trial with similar study design has completed accrual whose 
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results are awaited. The COLRAR trial compares robotic and laparoscopic resections with primary outcomes 
being completeness of TME and pathologic CRM positivity. 
 
Another caveat of the ROLARR trial was that even though majority of the surgeons were experienced 
laparoscopists, they were still in the learning phase of robotic surgery. With increasing experience, the 
pathological results as well as conversion rates have reduced further 8. A secondary analysis of the same trial, 
to adjust for the learning curve of a relatively new procedure for the surgeons involved (robotic TME) against 
an established standard for which the participating operators are skilled, was performed. The learning effects 
model suggested that increasing robotic experience and not laparoscopic experience reduced the odds of 
conversion to open surgery 9. This however, does not imply that the laparoscopic learning curve is shorter or 
that the number of operations performed laparoscopically has no bearing on conversions. Rather, this may 
be due to the recruitment of already skilled laparoscopic surgeons in the trial.  
  
More complex operations are possible with the robotic platform with ease. These include lateral pelvic node 
dissection 10-12, extended TME 13 and beyond TME or exenterative procedures 14,15. Lastly, intra-corporeal 
suturing, which remains the greatest hurdle in laparoscopic surgery, is effortlessly performed robotically 
allowing creation of urinary conduits and urinary anastomosis after pelvic exenteration 16,17.  
 
However, the availability of the robot and the cost implications limit the universal applicability of the robot 
to all rectal resections in India 18. Thus, its use has to be triaged to complex, multi-visceral and extended 
resections and possibly for male patients with high BMI and narrow pelvis with low tumours planned for 
sphincter preservation. Overall, expenditure will undoubtedly reduce with time and the indications for the 
use of robot are likely to expand with emergence of competing robotic developments and wider availability 
of the machine. 
 
Level I evidence currently has given conflicting reports regarding superiority of robotic over laparoscopic 
resections while Level IV evidence suggests pathological and oncological equivalence of robotic and 
laparoscopic resections. Selective use of the robotic platform by experienced surgeons for low rectal cancers, 
high BMI and male patients, especially for sphincter preservation can be considered after deliberation on 
patient preferences and costs. Robotics provide a unique avenue to perform more complex resections 
including lateral pelvic node dissection, extended and beyond TME operations.  
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Robotic Radical Hysterectomy in Early Cancer Cervix – 
Current Evidence 

Dr. Shylasree TS, Dr. Stuti Gupta 
 
Radical hysterectomy to treat early-stage cervical carcinoma is an anatomically complex operation. Crucial 
steps involve lateralization of ureters for resection of adequate parametrium and vaginal margins, ligation of 
the uterine artery and many veins (uterine, vesical, parametrial) which wrap the pelvic ureter all along its 
course and sparing the pelvic autonomic nerves wherever indicated. All the above mentioned steps need a 
clear understanding of surgical anatomy, vascular variations and an adequate surgical learning curve.  
 
Minimally invasive surgery (MIS) for early stage cervical cancer evolved with   the implementation of 
laparoscopy in 1991, but gained standardization and popularity globally in the last one and a half decades.  
The introduction of robotic surgery in many centres in the last decade brought in advantages over 
conventional laparoscopy such as camera stabilization, better ergonomics, wristed instrumentation, tremor 
filtration, and flattened the learning curve. The 3D camera giving better depth perception and the intuitive 
nature of robotic surgery reduced conversion rates especially for morbidly obese women.  
 
Advantages of MIS surgery over open surgery include a magnified view of pelvic anatomy including 
identification of nerves forming the hypogastric plexus, early postoperative recovery and return to work. For 
the past two decades, multiple retrospective publications have reported the feasibility, advantages, and 
oncologic safety of MIS approach for radical hysterectomy (1,2,3,4). Although randomized trials evaluating 
oncologic safety were lacking, surgeons throughout the world adopted MIS to treat patients with FIGO 2009 
stage I to IIA cervical carcinoma. 
 
However, two recent publications in 2018 in NEJM (the LACC trial and a SEER database analysis in United 
States) demonstrated higher rates of recurrence and death in patients that underwent MIS radical 
hysterectomy for stage 1 < 4cm tumour (5,6). In this trial 4.5 years DFS in the MIS arm in the intention-to-
treat population was 86.0% compared with 96.5% for open surgery and hazard ratio for overall survival was 
3.74 in favour of open surgery. The inferior oncological outcomes were not seen in <2cm tumours, even 
though the study was not statistically powered to come to conclusions based on size of tumour. Quality of 
life was not significantly different between open and MIS group at 6 weeks and 3 months post-surgery in 
trial patients (7). 
 
On November 13, 2018, the Society of Gynaecologic Oncology (SGO) issued a statement to its members 
summarizing the LACC trial findings and encouraged Gynaecologic oncologists to consider all available 
data when counselling patients (8).  Subsequently, a number of retrospective studies (9,10,11,12,13) 
corroborated these findings, resulting in a recent modification of the NCCN and European Society of 
Gynecological Oncology (ESGO) guidelines stating that the open approach for radical hysterectomy is the 
preferred approach. In 2019, ESGO conducted a survey named “after LACC trial” in which one in two 
surgeons had changed their surgical approach from MIS to open (14).  
 
There are however a few shortcomings which the LACC trial failed to answer adequately. Vast majority of 
the patients were recruited from centres where the training (and performance) of radical hysterectomy had 
not been standardized with majority of recurrences concentrated in 14 out of the 33 recruiting centres (15). 
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The trial’s pre-requisite criteria of, number of cases (10 cases) to achieve proficiency in performing radical 
hysterectomy, might have been under estimated. Trial recruitment was very slow in the initial period of the 
study. Also the annual number of operable cervical cancers treated in each institution and each surgeon was 
not clear. Other probable reasons cited for poor oncological outcomes with MIS were use of a uterine 
manipulator, prolonged steep Trendelenburg position and intracorporeal vaginal colpotomy in the setting of 
high-pressure pneumoperitoneum contributing to dissemination of tumour cells in the peritoneal cavity.  
 
It may not be appropriate to combine the results of radical hysterectomy performed by traditional (straight-
stick) laparoscopy with those of robotic procedures. Extrapolation of LACC study to discourage the use of 
robotic radical surgery may not be appropriate, because only 15.6% patients in the MIS arm underwent 
robotic surgery. The anatomic and physiologic considerations concerning radical hysterectomy are complex, 
and the robotic surgical platform may potentially facilitate achieving clear margins and adequate parametrial 
resection for many MIS surgeons.  
 
Recently large population based retrospective studies from Denmark, Sweden and Netherlands failed to show 
differences in disease-free survival and overall survival between   open vs minimally invasive approach. 
(16,17,18).  
 
SUCCOR study is a recent European, multicentre, observational, retrospective, cohort study in which 1272 
patients who underwent radical hysterectomy by open or MIS technique for stage IB1 cervical cancer (FIGO 
2009) from 2013 to 2014 (19) were evaluated. Overall, the risk of recurrence and death for patients who 
underwent MIS surgery was twice as high as that in the open surgery group.  But patients who underwent 
MIS surgery with protective vaginal closure methods and without the use of uterine manipulator had similar 
rates of relapse compared to those who underwent open surgery. This outcome particularly pertained to 
tumours >2 cm in diameter. 
 
Taking patients from SUCCOR study database, Chacon E et al analysed the protective effects of cervical 
conization prior to radical hysterectomy (20). Patients who had cervical conization had 72 % reduction in 
risk of relapse and 90% decrease in risk of death and this effect was more evident in those with tumours 2-4 
cm in size or in those operated via MIS. This observation might throw light on the fact ‘why  cancers such 
as endometrium and bowel have shown non inferior oncological outcomes with MIS compared to cervix’. 
Cancer at these sites is located inside the walls of the organ as opposed to a friable cervical cancer which is 
open and gets exposed to peritoneal cavity during colpotomy’.  Safe practices such as avoiding uterine 
manipulator/vaginal colpotomy/ preoperative cervical conization to prevent tumour spill might prevent 
peritoneal recurrences but this needs to be proved. 
 
At present, there are two prospective randomized trials exploring the role of MIS in patients with cervical 
cancer. The first is the RACC trial (Robotic assisted approach to cervical cancer), a Swedish multicentric 
prospective trial comparing robotic vs open surgery for the treatment of early-stage cervical cancer (21). The 
use of uterine manipulator is not allowed, and the closure of the vagina before colpotomy is recommended 
but not mandatory. The second trial is a multicentre randomized controlled trial designed in China by Chao 
et al (22). In their protocol, the use of uterine manipulator and the method of vaginal excision is to be 
reported. There is a third trial also called the ‘ROCC trial’ in development stage through GOG addressing 
the role of MIS in cervical cancer.  
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In conclusion, in view of the recent evidence, open approach to radical hysterectomy is the preferred 
approach and patients should be appropriately counselled before offering MIS. Audits on oncological 
outcomes in individual centres should dictate the route of surgery both open and MIS with adequate 
counselling and follow up till robust data on technique and technology is available. 
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SECTION 1: BRCA AND ITS THERAPEUTIC IMPORTANCE 

BRCA Mutation and its Therapeutic Implications in Breast and Ovarian Cancer 
 Dr. Kripa Bajaj, Dr. Qurratulain Chougle, Dr. Shalaka Joshi, Dr. Jaya Ghosh  

Introduction 

The discovery of BRCA gene by Mary-Claire King in 1990 has enlightened the understanding of hereditary 
breast and ovarian cancer(1). In the past 30 years there has been development of both preventive strategies 
and increased therapeutic options. The discovery of PARP (poly adenosine diphosphate [ADP]–ribose 
polymerase) inhibitors are an added therapeutic armamentarium in both breast and ovarian cancers. 

 BRCA mutation in Breast Cancer 

Hereditary syndromes account for approximately 5-10% of the cases of breast cancer and are associated with 
the presence of germline mutations. Most hereditary breast cancer cases result from mutations in BRCA1 
and BRCA2 genes, whereas the rest have been linked to less frequent germline mutations in other high 
penetrance genes such as TP53, STK11, PTEN, CDH1, and PALB2, as well as moderate penetrance genes 
like ATM and CHEK2(2). Both BRCA1 and BRCA2 are tumour suppressor genes encoding proteins involved 
in homologous recombination repair (3). Pathogenic variants in both genes affect 1 in 400 persons in the 
general population and 1 in 40 in the Ashkenazi Jewish population. They get inherited by an autosomal 
dominant pattern and carry a lifetime cumulative breast cancer risk of 50-80% for breast cancer and 15-40% 
for ovarian cancer (4). There are many unique considerations that should be addressed when approaching 
patients with a predisposition to HBOC, including counselling, screening, and risk-reducing strategies. It is 
also important to understand which high-risk patients should be referred for genetic counselling for 
consideration of BRCA1/2 gene testing, an approach which is often underutilized (5). Certain clinical features 
such as young onset breast cancer, bilateral cancer, personal history of breast and ovarian cancer and 
significant family history warrant genetic counselling and testing.  

Therapeutic implications of BRCA mutation 

The approach to treatment of women diagnosed to have BRCA related breast cancer is multidisciplinary. 
Such patients have unique management issues since they are young, often have not completed their families 
and are more likely to have multiple primary cancers in the future. 

Surgery 

Safety of breast conservation surgery in hereditary mutation carriers 

As such breast conservation surgery (BCS) is not contra-indicated in patients with a BRCA1/2 or other 
hereditary mutation if the clinico-radiological characteristics of the tumour allow conservation with an 
optimal margin and reasonable cosmesis in a motivated patient. Although individual smaller studies have 
shown a higher risk of in-breast recurrence (IBR) in BRCA mutation carrier patients post BCS, a meta-
analysis showed no significant higher risk for IBR. However, with longer follow-up, there was a significantly 
higher risk of IBR as well as new primaries in the ipsilateral as well as contralateral breast in mutation carriers 
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(6, 7).The 10-year incidence of a second primary breast cancer is higher in BRCA1 mutation carriers (11-
25%), with even higher estimates in those first diagnosed under the age of 40 (13-34%). This risk was lower 
in BRCA2 mutation carriers (3-15%) and those with a variant of unknown significance (4-9%) (8). The risk 
of IBR in BRCA1/2 mutation carriers who have undergone BCS reduces with adjuvant chemotherapy and 
oophorectomy.  Thus, the optimal surgical treatment for operable breast cancer in BRCA1/2 mutation carriers 
depends on several factors such as individual patient choice and patients understanding of the increased risk 
of developing subsequent new primaries with all potential emotional implications, as well as their ability to 
undergo appropriate breast surveillance. Despite of the safety of BCS in mutation carriers, there has been a 
trend towards unilateral and bilateral mastectomies especially in young patients with triple negative breast 
cancer irrespective of the mutation status. In a secondary surgical choice analysis of Brightness study, 10-
40% of non-carriers and 50-86% of mutation carriers opted for mastectomy and 50-60% of those chose a 
bilateral mastectomy despite of being clinico-radiologically amenable to BCS (9).This trend was commoner 
in North America as compared to Asian and European countries (10). Cochrane meta-analysis for contralateral 
prophylactic mastectomy showed no impact on survival outcomes but proved a reduction in the incidence of 
second primaries in the breast. The data was confounded partly due to simultaneous risk reducing 
oophorectomies. The choice of surgery between BCS and mastectomy does not impact on overall survival, 
breast cancer death, or distant recurrence (11). International guidelines recommend that early breast cancer 
patients carrying mutations in moderate penetrance breast cancer susceptibility genes, should be offered BCS 
if appropriate. However, patients carrying TP53 germline mutations should avoid BCS followed by radiation 
as they are at high risk of developing radiation induced malignancies such us angiosarcoma (12).  

Role of risk reducing surgeries- breast cancer patients  

Risk reduction surgery is another option that should be discussed with patients with hereditary pathogenic 
mutations after diagnosis of breast cancer. Several studies demonstrate a reduction in the risk of breast cancer 
by ~95% in BRCA1/2 mutation carriers who underwent bilateral risk reducing mastectomy (BRRM) in 
combination with oophorectomy and by ~90% in those with intact ovaries(13-16). A recent systematic review 
confirms the benefit of BRRM in reducing both incidence and mortality from breast cancer in high-risk 
patients, such as BRCA1/2 carriers. Data for contralateral risk reducing mastectomy (CRRM) for patients 
who have had breast cancer show a reduction in the incidence of contralateral breast cancer but no definitive 
survival benefit since the risk of developing metastases from the previous cancer is more dominant(11).When 
assessing the risk for developing contralateral breast cancer the following factors need to be taken into 
account: age at diagnosis of primary breast cancer, family history, ability to undergo indicated surveillance 
imaging, prognosis from this or other malignancies, comorbidities and life expectancy. 

Role of risk reducing surgery- healthy mutation carriers 

Various options such as prophylactic surgery, chemoprevention and surveillance must be discussed with 
healthy BRCA mutation carriers. Women with a known BRCA1/2 mutation may be offered RRM and RRSO 
to decrease the risk of breast and ovarian cancer. Bilateral mastectomy decreases breast cancer risk by 90-
95% (13, 15, 16) and RRSO decreases the relative risk of ovarian and fallopian tube cancer by 80% (17, 18).The 
benefit of risk reducing mastectomy in BRCA1/2 carriers was highest when performed in individuals 
younger than 25 years (19). RRSO does not affect the risk of primary peritoneal cancer and surveillance for 
the same should be continued. RRSO also leads to a reduction of estrogen stimulation on breast tissue, 
leading to a 50% relative risk reduction in the development of hormone receptor positive breast cancer 
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usually associated with BRCA2 mutation. The NCCN and ESO recommendation is that mutation carriers 
are offered RRSO by age 40 or soon after they have completed childbearing (20, 21). The age for RRSO may 
be postponed till up to 45 years in women with BRCA2 mutation. Overall, counselling on risk-reducing 
surgery should consider the cumulative risk of developing breast and ovarian cancer with each decade of life 
as well as a woman’s reproductive plans.  

International guidelines recommend BRRM as an option with appropriate counselling on risks and benefits 
(12, 22). BRRM cannot eliminate the risk of breast cancer and can have a negative impact on body image and 
quality of life due to potential complications such as multiple surgeries, chronic pain, sexual dysfunction and 
poor cosmetic outcomes (23, 24). Women considering this procedure should be well informed and weigh the 
risks and benefits compared to other alternatives such as risk reducing bilateral salpingo-oophorectomy, 
chemoprevention and intensive screening. For women who wish to avoid or delay BRRM, MRI-based breast 
screening is a reasonable option. For patients who undergo RRM, skin sparing mastectomy with or without 
preservation of the nipple-areolar complex has been found to be a safe option for BRCA carriers while 
achieving better cosmesis (25, 26). 

Systemic Therapy in Breast Cancer patients with BRCA mutation 

Neoadjuvant / Adjuvant Therapy 

Platinum 

The addition of platinum to anthracycline and taxane based neoadjuvant chemotherapy did not improve 
pathological complete response rates (65%) or disease-free survival (85% at 3 years) in patients with 
germline BRCA mutation(12, 27). This is likely due to increased sensitivity of BRCA 1/ 2 mutated tumors to 
DNA damaging agents like doxorubicin.  The addition of carboplatin does not improve it further (27) . Thus, 
anthracycline and taxanes remain the standard neoadjuvant /adjuvant chemotherapy in patients with germline 
BRCA 1 or 2 mutation and there is no incremental benefit of addition of a platinum agent. 

Metastatic  

Platinum 

In patients with triple negative breast cancer (TNBC) who have germline BRCA mutation chemotherapy 
with single agent carboplatin achieved higher response rates compared with docetaxel (68% vs 33%), 
although there was no difference in the entire TNBC study population (around 30%) of the TNT study(28). It 
also resulted in a longer progression free survival (6.8 vs 4.4 months) (29). Thus, the use of single agent 
platinum is an important cost-effective agent in this subgroup of patients. 

PARP inhibitors 

PARP inhibitors (Olaparib and Talazoparib) are treatment options in patients with metastatic breast cancer 
(MBC) who have deleterious germline BRCA 1or 2 mutation and are HER 2 negative in first to third line 
setting(12). This is based on two large, randomized phase III trials OLYMPIAD and EMBRACA which 
compared single agent PARP inhibitor Olaparib and Talazoparib respectively to chemotherapy of physician 
choice (which included capecitabine, eribulin, vinorelbine or gemcitabine)(30, 31) . Patients should have 
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received no more than 2 or 3 prior lines of chemotherapy in the metastatic setting. They should have received 
prior anthracycline and taxanes unless contraindicated. They could have received prior hormone therapy in 
hormone receptor positive patients.   The use of single agent PARP inhibitor resulted in improved response 
rate (60% vs 27%) and progression free survival (7 – 8 months vs 4-5 months). There was however no 
improvement in overall survival (19 -22 months) despite no crossover. Also, only 16-29 % patients had 
received prior platinum and the comparator arm did not have platinum(30, 31). Though treatment with PARP 
inhibitors is an option in patients with MBC with BRCA mutation their efficacy compared to platinum is 
unknown. Hence it is important choose wisely and weigh cost benefit and toxicity. 

BRCA Mutation and Ovarian Cancer 

Germline mutations in BRCA 1 and 2 genes are found in around 15% of high grade serous ovarian cancers 
however about half of these patients have some defect in the homologous DNA repair pathway (BRCA ness) 
(32). The  present ASCO guidelines recommend germline genetic testing for all patients with epithelial ovarian 
cancers(33). It is most commonly present in high grade serous cancers. It is rarely present in mucinous 
carcinomas of the ovary where testing for germ line BRCA 1 and 2 is not recommended(33). In India  
pathogenic germline BRCA 1 or 2 mutation was  found in 21% of  ovarian  and  primary peritoneal cancers 
of whom 67% did not have a family history (34) . Thus, ideally all patients should undergo germline testing, 
however if resource constraints are present then it should be done at least in younger patients with a family 
history. The knowledge about presence of pathogenic BRCA mutation for a patient has implication for 
therapeutic management and for a carrier a potential for prevention. 

Role of Risk Reducing Salpingo-oophorectomy for ovarian cancer 

The cumulative lifetime risk of ovarian cancer is around 44% in those BRCA 1 and 17% for those with 
BRCA 2 mutations (4). Risk reducing salpingo-oophorectomy decreases the risk of ovarian cancer by 70-85% 
(35) .It should thus be discussed with those with BRCA mutation carriers to consider after completion of their 
family by the age of 35-40 years (36). 

Therapeutic Implications in Ovarian Cancer 

Platinum Sensitivity  

High grade ovarian cancers are characterized by their sensitivity to Platinum based chemotherapy. This is 
because due to defect in the homologous repair pathway in a large majority of the patients, the cancer cells 
are unable to repair the DNA adducts caused by platinum resulting in cell death. Thus, patients with germline 
BRCA mutation have greater sensitivity to platinum agents and longer survival (37).  

PARP inhibitors 

PARP is a crucial enzyme which repairs single stranded DNA damage by base excision. In patients with 
BRCA mutation where one  DNA repair pathway is already impaired,  PARP inhibitors by inhibiting  other  
repair pathway , leads to cell death  by “synthetic lethality” (38). There are different PARP inhibitors like 
Olaparib, Niraparib and Rucaparib used for ovarian cancer. Olaparib is presently available in India. The main 
side effects of these are myelosuppression, fatigue, gastrointestinal especially nausea, diarrhea. Other rare 
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side effects are myelodysplastic syndrome (<2%) and pneumonitis(39).  Platinum sensitivity is a marker for 
PARP sensitivity(40). There can however be reversal of germline BRCA 1 and 2 alleles leading to resistance 
to PARP inhibitors(41).  PARP inhibitors (PARPi) have thus provided have thus provided a significant 
addition in the management of patients with BRCA mutation. 

First Line Maintenance  

In patients with stage III and IV high grade serous ovarian cancer, maintenance with PARP inhibitors after 
response to primary treatment with surgery (primary or interval debulking surgery) and platinum-based 
chemotherapy, showed a significant improvement in PFS, especially in those with germline or somatic 
BRCA1 or 2 mutation in several large phase III RCT (SOLO1 and PRIMA)(42, 43). In patients with germline 
BRCA mutation there was a 36 months  improvement in PFS  (49.9 versus 13.8 months)(42). The approval 
for Olaparib is in patients with germline or somatic BRCA 1 or 2   mutation while that for Niraparib is after 
response to platinum-based therapy, irrespective of BRCA mutation status though the magnitude of benefit 
was maximum in those with HRD deficiency (21.9 vs 10.4 months)(43). Another PARPi Veliparib has shown 
PFS benefit when used with Platinum based chemotherapy followed by maintenance, there albeit increased 
hematological toxicity(44). The combination of maintenance Olaparib (irrespective of BRCA mutation status) 
and Bevacizumab has also been approved in PFS(45). 

Though PARP inhibitors result in significant benefit in PFS and are approved as first line maintenance the 
overall survival data is awaited.  Concerns remain as some rare but serious complications like AML and 
pneumonitis have been reported in addition to other side effects like fatigue, nausea, and myelosuppression. 
What is not known is the incidence of PARP resistance(46) after first line use and subsequent platinum 
resistance. The magnitude of PFS benefit is unprecedented, yet whether it also results in an OS benefit 
remains to be seen. There is also the option of use in second line after relapse if not used in first line. The 
best timing of its use has not been determined. Thus, all these aspects and cost benefit ratio needs to be taken 
into consideration when discussing and deciding on PARP maintenance versus observation in these patients.   

Platinum sensitive recurrent ovarian cancer 

PARPi maintenance after response to Platinum 

Maintenance with PARP inhibitors (Olaparib, niraparib or rucaparib) is approved in patients with recurrent 
ovarian cancer who have received ≥ 2 prior lines of platinum-based chemotherapy and had a response to the 
last platinum therapy irrespective of the BRCA status(47-50). For use in second line patients should not have 
received prior PARP inhibitors(47). The maximum PFS benefit of PARP maintenance is seen in patients with 
germline BRCA mutation (gBRCA mut) (21 vs 5.5 months), while in those with non-gBRCA mut it was 9.3 
vs 3.9 months(48). This should be taken into consideration when discussing regarding cost benefit ratio of 
PARP. The use of maintenance PARP inhibitors has shown an improvement in  OS (52 vs 37 months) in 
patients with germline BRCA mutation(51).  Thus, there is an improvement in both PFS and OS.   

PARPi Monotherapy 

Patients with germline BRCA mutation with platinum sensitive relapse who have received (≥3) lines of 
platinum-based chemotherapy treatment with single agent PARP inhibitor (olaparib, niraparib or rucaparib) 
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is an option(52-54). Though rechallenge with a platinum-based doublet remains the standard of care in platinum 
sensitive relapse, in patients who have received multiple lines of platinum-based chemotherapy treating 
where treatment with further platinum may be difficult in view of hypersensitivity, toxicity, problems with 
venous access or patients desire of oral therapy, use of PARPi monotherapy is an important value addition. 

Platinum Refractory and Resistant Relapse 

Patients with platinum resistant or refractory disease have limited life expectancy and therapeutic options.  
Platinum resistance is also confers PARP resistance and restoration of the homologous repair pathway being 
one of the mechanisms for the same(46). The response rate to single agent PARP inhibitors in those with 
platinum resistance is around 30% with a median PFS of around 5 months(55). They are not recommended in 
platinum resistant disease(47). Patients with germline BRCA 1 or 2 mutations who have not received prior 
PARPi and have progressed after 3 lines of therapy, single agent PARP inhibitor (Olaparib or Niraparib) is 
an option(53, 55) 

Conclusion: 

The presence of germ line BRCA 1 or 2 mutation has important therapeutic implication for both the patient 
and their family. Thus, appropriate genetic clinic referral and testing is the key to unlock this potential. 
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Therapeutic Importance of BRCA in Prostate Cancer 
 Dr. George Abraham 

Introduction 

Prostate cancer (PC) is associated with a significant heritable component and there has been a lot of research 
looking into the genetic susceptibility patterns and molecular alterations in PC (1). Genome wide association 
studies (GWAS) have shown more than 100 susceptibility loci attributing to one third of familial prostate 
cancer risks (2–5). The molecular landscape of localized prostate cancer showed 5-8 % of homologous 
recombination deficiency with or without BRCA (Breast cancer gene) mutations (6). Mutations in BRCA 
genes and ATM (ataxia telangiectasia mutation) were observed at a higher frequency of 19.3 % in metastatic 
castration resistant prostate cancer (CRPC) (7,8). 

Prevalence of germline mutations in prostate cancer 

Germline DNA alterations were reported in 2.7 % of the normal individuals without cancer, 4.6 % of 
patients with localized PC and 11.8 % of the metastatic PC (9,10). In a cross-sectional study of over 3000 
men with prostate cancer, genetic testing revealed germline mutations in 17.2 % with most common being 
BRCA 1 or 2 attributing to 30.7% of germline variants (11). The prevalence of different germline mutations 
in prostate cancer is highlighted in table 1. 

Table 1: Germline Mutations in Prostate Cancer (11) 

Germline mutations in prostate cancer Prevalence (%) 

g BRCA2 (germline BRCA 2) 4.74 

g CHEK 2 (Checkpoint kinase 2) 2.88 

g ATM 2.03 

g BRCA1 1.25 

g HOXB13 (Homeobox B13) 1.12 

g MSH2 (Mut S homolog 2) 0.69 

g PALB2 (Partner and localizer of 
BRCA 2) 

0.56 

Men with prostatic adenocarcinoma with ductal and intraductal histology had somatic homologous 
recombination repair (HRR) defects in 31 % and germline alterations in 20 % (12). Hence it can be concluded 
that men with prostate cancer with metastatic disease over localized disease, ductal and intraductal histology 
and familial predisposition are having higher prevalence of germline and somatic BRCA mutation and other 
HRR defects. 
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National comprehensive cancer network (NCCN) guidelines recommend offering genetic testing based on 
the following family history criteria (13). 

1. Family history of high-risk germline mutations like BRCA1/2 or Lynch syndrome. 
2. Brother or father or multiple family members diagnosed with prostate cancer (except clinically 
localized and grade group 1) at <60 years or those who died from prostate cancer. 

3. Ashkenazi Jewish ancestry 
4. ≥ 3 cancers on same side of family, especially diagnosed at age ≤ 50 years, bile duct, breast, colorectal, 
endometrial, gastric, kidney, melanoma, ovarian, pancreatic, prostate (but not clinically localized grade 
group 1), small bowel, or urothelial. 

The results of the IMPACT (identification of men with a genetic predisposition to prostate cancer) showed 
that g BRCA 2 carriers have a higher risk of prostate cancer diagnosed at a younger age with aggressive 
disease course compared to g BRCA 2 non carriers and the number needed to screen (NNS) to detect one 
clinically significant prostate cancer in this cohort was 60 in age 40-54 years and 13 in 55-69 years (14). 
These results suggest there may be a beneficial role of annual screening of men with g BRCA2 mutation of 
the age group 55-69 years with prostate specific antigen (PSA) cut-off of >3 ng/ml. 

Current recommendations for genetic testing in prostate cancer (NCCN) include (13) 

1. Men with high risk and very high risk localized prostate cancer 
2. Men with metastatic prostate cancer 
3. Men with intra-ductal histology 
4. Men with Ashkenazi Jewish ancestry 
5. Men meeting the family history criteria as mentioned above. 

Prognostic impact of BRCA 1 /2 mutations in prostate cancer 

In a large retrospective study of more than 2000 men with prostate cancer, g BRCA 1 or 2 mutations were 
associated with higher incidence of T3 or T4 disease, nodal disease, metastasis and higher Gleason’s score 
(15). In patients with localized prostate cancer treated with radiation or surgery, the g BRCA 1/2 subgroup 
had poorer metastasis free survival and cause specific survival (CSS) compared to non- carriers (16). The 
prospective study, PROREPAIR-B found that g BRCA -2 mutation is an independent prognostic factor for 
CSS in metastatic CRPC patients (17.4 versus 33.2 months, p=0.027) (17). Somatic DNA repair gene 
mutations are present in 8-10 % of the localized PC and 20-25 % of the metastatic CRPC and is associated 
with higher T stage and higher Gleason group at diagnosis (18). 

Therapeutic implications of BRCA mutations in prostate cancer 

Patients with DNA repair defects like BRCA 1/2 mutations have higher response rates with platinum agents 
and poly ADP ribose polymerase inhibitors (PARPi) (19). The clinical activity of PARPi in PC was first 
shown in TOPARP-A trial (Trial of Olaparib in Patients with Advanced castration Resistant Prostate 
cancer) in which 14 out of 16 patients (88%) with DNA repair mutations had serological (>50% PSA 
reduction) and radiological response in contrast to 2 out of 32 (6.25%) of non- mutated patients (20). As a 
result of this trial, Olaparib received FDA breakthrough approval in metastatic CRPC previously treated 
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with taxanes, abiraterone or enzalutamide. The grade 3 or 4 toxicities were anemia (20%) and fatigue (12 
%). The prominent trials done on PARPi in PC have been highlighted in table 2. 

 Table 2: PARPi in Prostate Cancer  

Trials/Population Agent used 
Criteria for 

response 
assessment 

Objective 
Response 

rate 

Survival 
benefit 

PROfound trial (21) 
Metastatic CRPC 
with HRR 
defects/BRCA 1/2 
somatic mutations 

Olaparib (300 mg 
BID)  
versus  
physician choice 
(abiraterone plus 
prednisolone/enzal
utamide) 

Overall survival 33.3% in 
Olaparib arm 
versus 2.3 % 
in the 
physician 
choice of 
treatment 
arm 

19.1 months 
versus 14.7 
months with 
HR- 0.69,95% 
confidence 
interval [CI], 
0.50 to 0.97; 
P=0.02 

TOPARP-A-Phase 
2(20) 
Metastatic CRPC 
with mutations in 
DNA repair pathway 

Olaparib PSA 50 decline, 
Circulating tumor 
cell (CTC), 
radiological 
response 

14 out of 16 
(88%) 

  

TOPARP-B Phase 2 
(22) 

Metastatic CRPC with 
somatic DNA repair 
pathway mutations 

Olaparib 400 mg 
BD versus 300 mg 
BD 

PSA 50 decline, 
Circulating tumor 
cell (CTC), 
radiological 
response 

Composite 
response- 
54.3% 
(95%CI-39-
69.1) versus 
39.1% 
(95%CI-
25.1-54.6) 

 - 

TRITON 2 Phase 2 (23) 
Metastatic CRPC with 

BRCA1/2 mutation 

Rucaparib 600 mg 
BD 

PSA 50 decline, 
radiological 
response 

54.8% 
(PSA50) and 
50.8% 
(radiological 
response) 

 - 

NCI study-Karzai et al, 
Phase 2 study 

(Sporadic m CRPC- 17 
patients) (24) 

Durvalumab 1500 
mg twice a week 
+Olaparib 300 mg 
BD 

PSA 50 decline 
and radiological 
response 

47 % PSA 
50 response 
and 23.5 % 
radiological 
partial 
response 

12 month PFS- 
51.5% 
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Trials/Population Agent used 
Criteria for 

response 
assessment 

Objective 
Response 

rate 

Survival 
benefit 

GALAHAD study-
Smith et al (25) 
Metastatic CRPC 
with BRCA 1/2 
mutation and 
progressed on 
taxanes and androgen 
deprivation therapy 

Niraparib 300 mg 
OD 

CTC response rate 
and radiological 
response 

CTC 
conversion 
rate*-36.8% 
,CTC0** 
rate-41.7% 
and 
radiological 
response- 
41.4% 

 - 

KEYNOTE 365(26) 
ASCO GU 2020 
update 
Metastatic CRPC 
pretreated with 
docetaxel and novel 
antiandrogens with 
wild type HRR status 

  

Pembrolizumab 
200 MG every 3 
weekly +Olaparib 
300 mg BD 

PSA 50 decline 11% Survival results 
awaited 

*CTC conversion rate ≥5 at baseline to ≤4 cells 
**CTC0 rate - ≥1 cell at baseline to 0 
 
PROfound trial is the largest phase 3 data available for the use of PARPi in PC which had a 2:1 
randomisation between Olaparib versus physician choice of therapy (abiraterone plus prednisolone or 
enzalutamide) in metastatic CRPC with BRCA 1/2 or ATM mutations (Cohort A) or any other somatic 
homologous recombination repair defects by sequencing (Cohort B) (21). 

The sensitivity of platinum-based chemotherapy (docetaxel and carboplatin) was illustrated in a 
retrospective analysis of metastatic CRPC patients by Pomerantz et al (27) in which g BRCA mutation 
carriers showed a PSA 50 decline rate of 75 % compared to 17 % in non-carriers. The median survival after 
the start of platinum-based agents was 18.9 months in g BRCA1/2 carriers and 9.5 months in non-carriers 
(p=0.03). The role of platinum chemotherapy as a single agent or combination in metastatic CRPC was 
shown by Schmid et al (28) with PSA 50 decline of 47.1% in DNA repair defect carriers compared to 36.1% 
in non- carriers (p=0.20). There was a trend to soft tissue response in carriers (48.3%) compared with non-
carriers (31.3%) (p=0.07). 

Based on the above evidence Olaparib is currently approved by NCCN guidelines as a treatment option in 
patients with metastatic CRPC who have progressed on first line treatment with docetaxel or novel anti- 
androgen therapy including abiraterone plus prednisolone and enzalutamide. The treatment algorithm of 
management of metastatic CRPC is shown in Figure 1 (adapted from NCCN guidelines 2020) 
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Figure 1: Algorithm for management of metastatic CRPC 

 

Conclusion: 

To summarise, the therapeutic armamentarium for metastatic CRPC has evolved rapidly with multiple 
treatment options available in first, second line and subsequent therapies. Careful patient selection for 
various therapies with somatic and germline BRCA mutation testing with HRR defects at baseline has 
significant prognostic and predictive implications. 

 

 



Technology & Cancer Care 

 

Page 84 of 564 

References: 
 

1.  Sokolova AO, Cheng HH. Genetic Testing in Prostate Cancer. Curr Oncol Rep. 2020 Jan 23;22(1):5. 
2.  Amin Al Olama A, Kote-Jarai Z, Schumacher FR, Wiklund F, Berndt SI, Benlloch S, et al. A meta-

analysis of genome-wide association studies to identify prostate cancer susceptibility loci associated 
with aggressive and non-aggressive disease. Hum Mol Genet. 2013 Jan 15;22(2):408–15. 

3.  Goh CL, Schumacher FR, Easton D, Muir K, Henderson B, Kote-Jarai Z, et al. Genetic variants 
associated with predisposition to prostate cancer and potential clinical implications. J Intern Med. 2012 
Apr;271(4):353–65. 

4.  Gudmundsson J, Sulem P, Gudbjartsson DF, Masson G, Agnarsson BA, Benediktsdottir KR, et al. A 
study based on whole-genome sequencing yields a rare variant at 8q24 associated with prostate cancer. 
Nat Genet. 2012 Dec;44(12):1326–9. 

5.  Eeles RA, Olama AAA, Benlloch S, Saunders EJ, Leongamornlert DA, Tymrakiewicz M, et al. 
Identification of 23 new prostate cancer susceptibility loci using the iCOGS custom genotyping array. 
Nat Genet. 2013 Apr;45(4):385–91, 391e1-2. 

6.  Sztupinszki Z, Diossy M, Krzystanek M, Borcsok J, Pomerantz MM, Tisza V, et al. Detection of 
Molecular Signatures of Homologous Recombination Deficiency in Prostate Cancer with or without 
BRCA1/2 Mutations. Clin Cancer Res. 2020 Jun 1;26(11):2673–80. 

7.  Robinson DR, Wu Y-M, Lonigro RJ, Vats P, Cobain E, Everett J, et al. Integrative clinical genomics of 
metastatic cancer. Nature. 2017 Aug 17;548(7667):297–303. 

8.  Freedland SJ, Aronson WJ. Commentary on “Integrative clinical genomics of advanced prostate 
cancer”. Robinson D, Van Allen EM, Wu YM, Schultz N, Lonigro RJ, Mosquera JM, Montgomery B, 
Taplin ME, Pritchard CC, Attard G, Beltran H, Abida W, Bradley RK, Vinson J, Cao X, Vats P, Kunju 
LP, Hussain M, Feng FY, Tomlins SA, Cooney KA, Smith DC, Brennan C, Siddiqui J, Mehra R, Chen 
Y, Rathkopf DE, Morris MJ, Solomon SB, Durack JC, Reuter VE, Gopalan A, Gao J, Loda M, Lis RT, 
Bowden M, Balk SP, Gaviola G, Sougnez C, Gupta M, Yu EY, Mostaghel EA, Cheng HH, Mulcahy H, 
True LD, Plymate SR, Dvinge H, Ferraldeschi R, Flohr P, Miranda S, Zafeiriou Z, Tunariu N, Mateo J, 
Perez-Lopez R, Demichelis F, Robinson BD, Schiffman M, Nanus DM, Tagawa ST, Sigaras A, Eng 
KW, Elemento O, Sboner A, Heath EI, Scher HI, Pienta KJ, Kantoff P, de Bono JS, Rubin MA, Nelson 
PS, Garraway LA, Sawyers CL, Chinnaiyan AM.Cell. 21 May 2015;161(5):1215-1228. Urol Oncol. 
2017 Aug;35(8):535. 

9.  Pritchard CC, Mateo J, Walsh MF, De Sarkar N, Abida W, Beltran H, et al. Inherited DNA-Repair Gene 
Mutations in Men with Metastatic Prostate Cancer. N Engl J Med. 2016 Aug 4;375(5):443–53. 

10.   Lee BH. Commentary on: “Inherited DNA-repair gene mutations in men with metastatic prostate 
cancer.” Pritchard CC, Mateo J, Walsh MF, De Sarkar N, Abida W, Beltran H, Garofalo A, Gulati R, 
Carreira S, Eeles R, Elemento O, Rubin MA, Robinson D, Lonigro R, Hussain M, Chinnaiyan A, Vinson 
J, Filipenko J, Garraway L, Taplin ME, AlDubayan S, Han GC, Beightol M, Morrissey C, Nghiem B, 
Cheng HH, Montgomery B, Walsh T, Casadei S, Berger M, Zhang L, Zehir A, Vijai J, Scher HI, Sawyers 
C, Schultz N, Kantoff PW, Solit D, Robson M, Van Allen EM, Offit K, de Bono J, Nelson PS. N Engl 
J Med. 2016 Aug 4;375(5):443-53. Urol Oncol. 2017 Sep;35(9):575–6. 

11.   Nicolosi P, Ledet E, Yang S, Michalski S, Freschi B, O’Leary E, et al. Prevalence of Germline Variants 
in Prostate Cancer and Implications for Current Genetic Testing Guidelines. JAMA Oncol. 2019 Apr 
1;5(4):523–8. 



Technology & Cancer Care 

 

Page 85 of 564 

12.   Schweizer MT, Antonarakis ES, Bismar TA, Guedes LB, Cheng HH, Tretiakova MS, et al. Genomic 
Characterization of Prostatic Ductal Adenocarcinoma Identifies a High Prevalence of DNA Repair Gene 
Mutations. JCO Precis Oncol [Internet]. 2019 Apr 18;3. Available from: 
http://dx.doi.org/10.1200/PO.18.00327 

13.   Mohler JL, Antonarakis ES, Armstrong AJ, D’Amico AV, Davis BJ, Dorff T, et al. Prostate Cancer, 
Version 2.2019, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 2019 May 
1;17(5):479–505. 

14.   Bancroft EK, Page EC, Castro E, Lilja H, Vickers A, Sjoberg D, et al. Targeted prostate cancer 
screening in BRCA1 and BRCA2 mutation carriers: results from the initial screening round of the 
IMPACT study. Eur Urol. 2014 Sep;66(3):489–99. 

15.   Castro E, Goh C, Olmos D, Saunders E, Leongamornlert D, Tymrakiewicz M, et al. Germline BRCA 
mutations are associated with higher risk of nodal involvement, distant metastasis, and poor survival 
outcomes in prostate cancer. J Clin Oncol. 2013 May 10;31(14):1748–57. 

16.   Castro E, Goh C, Leongamornlert D, Saunders E, Tymrakiewicz M, Dadaev T, et al. Effect of BRCA 
Mutations on Metastatic Relapse and Cause-specific Survival After Radical Treatment for Localised 
Prostate Cancer. Eur Urol. 2015 Aug;68(2):186–93. 

17.   Castro E, Romero-Laorden N, Del Pozo A, Lozano R, Medina A, Puente J, et al. PROREPAIR-B: A 
Prospective Cohort Study of the Impact of Germline DNA Repair Mutations on the Outcomes of Patients 
With Metastatic Castration-Resistant Prostate Cancer. J Clin Oncol. 2019 Feb 20;37(6):490–503. 

18.   Marshall CH, Fu W, Wang H, Baras AS, Lotan TL, Antonarakis ES. Prevalence of DNA repair gene 
mutations in localized prostate cancer according to clinical and pathologic features: association of 
Gleason score and tumor stage. Prostate Cancer Prostatic Dis. 2019 Mar;22(1):59–65. 

19.   Athie A, Arce-Gallego S, Gonzalez M, Morales-Barrera R, Suarez C, Casals Galobart T, et al. 
Targeting DNA Repair Defects for Precision Medicine in Prostate Cancer. Curr Oncol Rep. 2019 Mar 
27;21(5):42. 

20.   Mateo J, Carreira S, Sandhu S, Miranda S, Mossop H, Perez-Lopez R, et al. DNA-Repair Defects and 
Olaparib in Metastatic Prostate Cancer. N Engl J Med. 2015 Oct 29;373(18):1697–708. 

21.   Hussain M, Mateo J, Fizazi K, Saad F, Shore N, Sandhu S, et al. Survival with Olaparib in Metastatic 
Castration-Resistant Prostate Cancer. N Engl J Med. 2020 Dec 10;383(24):2345–57. 

22.   Mateo J, Porta N, Bianchini D, McGovern U, Elliott T, Jones R, et al. Olaparib in patients with 
metastatic castration-resistant prostate cancer with DNA repair gene aberrations (TOPARP-B): a 
multicentre, open-label, randomised, phase 2 trial. Lancet Oncol. 2020 Jan;21(1):162–74. 

23.   Abida W, Patnaik A, Campbell D, Shapiro J, Bryce AH, McDermott R, et al. Rucaparib in Men With 
Metastatic Castration-Resistant Prostate Cancer Harboring a BRCA1 or BRCA2 Gene Alteration. J Clin 
Oncol. 2020 Nov 10;38(32):3763–72. 

24.   Karzai F, Madan RA, Owens H, Couvillon A, Hankin A, Williams M, et al. A phase 2 study of olaparib 
and durvalumab in metastatic castrate-resistant prostate cancer (mCRPC) in an unselected population. J 
Clin Orthod. 2018 Feb 20;36(6_suppl):163–163. 

25.   Smith MR, Fizazi K, Sandhu SK, Kelly WK, Efstathiou E, Lara P, et al. Niraparib in patients (pts) 
with metastatic castration-resistant prostate cancer (mCRPC) and biallelic DNA-repair gene defects 
(DRD): Correlative measures of tumor response in phase II GALAHAD study. J Clin Orthod. 2020 Feb 
20;38(6_suppl):118–118. 

26.   Heidegger I, Necchi A, Pircher A, Tsaur I, Marra G, Kasivisvanathan V, et al. A Systematic Review 
of the Emerging Role of Immune Checkpoint Inhibitors in Metastatic Castration-resistant Prostate 



Technology & Cancer Care 

 

Page 86 of 564 

Cancer: Will Combination Strategies Improve Efficacy? European Urology Oncology [Internet]. 2020 
Nov 23; Available from: https://doi.org/10.1016/j.euo.2020.10.010 

27.   Pomerantz MM, Spisák S, Jia L, Cronin AM, Csabai I, Ledet E, et al. The association between germline 
BRCA2 variants and sensitivity to platinum-based chemotherapy among men with metastatic prostate 
cancer. Cancer. 2017 Sep 15;123(18):3532–9. 

28.   Schmid S, Omlin A, Higano C, Sweeney C, Chanza NM, Mehra N, et al. Activity of Platinum-Based 
Chemotherapy in Patients With Advanced Prostate Cancer With and Without DNA Repair Gene 
Aberrations. JAMA Netw Open. 2020 Oct 1;3(10):e2021692–e2021692. 

 

  



Technology & Cancer Care 

 

Page 87 of 564 

Therapeutic Importance of BRCA in Pancreatic Cancer 
Dr. Shikhar Kumar 

 
Advanced pancreatic cancers are recalcitrant malignancies with median survivals averaging 7months to 12 
months, with 5-year survival rates of less than 5% (1). Approximately 5%-8% of pancreatic cancers have a 
hereditary component, of which BRCA is the most common mutation found. One of the largest studies in 
pancreatic cancers found a mutation in BRCA1 in 1.2% and BRCA2 in 3.7% of all cancers respectively (2). 
Poly (ADP-Ribose) polymerase (PARP) inhibitors have recently come into the limelight in many cancers 
based on phase 2 and 3 trials in various malignancies (predominantly epithelial ovarian cancers) in patients 
with pathogenic BRCA mutations. These drugs work by the concept of ‘Synthetic lethality’ in which tumor 
cells deficient in homologous recombination repair (HRR) are selectively killed as PARP inhibits single-
strand break repair.(3) 

Olaparib is one of the most widely studied PARP inhibitors. It has shown clinical efficacy in advanced 
ovarian and metastatic breast cancers with germline BRCA mutations. (4,5) Olaparib was initially studied in 
pancreatic adenocarcinoma in a phase 2 trial, in which heavily pre-treated 298 patients with a germline 
BRCA mutation were given Olaparib monotherapy at a dose of 400mg twice daily. This initially phase 2 
study showed encouraging results with a tumor response rate of 21.7%, while stable disease lasted for more 
than 8 weeks in 35% of patients. (6) Subsequently, a pivotal phase 3 trial “POLO” studied the role of Olaparib 
as first-line maintenance therapy in metastatic pancreatic adenocarcinoma. Two hundred and forty-seven out 
of 3315 patients (7.4%) tested positive for the germline BRCA mutation. Patients were randomized in a 3:2 
ratio to either Olaparib maintenance (300mg twice daily) or a placebo after achieving an initial response/ 
stable disease to at least 4 months of FOLFIRINOX chemotherapy. The trial showed statistical improvement 
in primary endpoint i.e median progression-free survival increased from 3.8months in placebo arm to 7.4 
months in olaparib arm (HR 0.53; 95% confidence interval [CI], 0.35 to 0.82; P = 0.004). Responses to 
therapy were observed in 20% of patients on olaparib versus 10% in the placebo arm. Serious adverse events 
were noted in 24% of patients who received olaparib leading to treatment discontinuation in 5% of patients 
(7). However, there are concerns regarding the trial design and selection of PFS as the primary endpoint, as 
well as the fact that the trial failed to show an overall survival benefit on preliminary analysis. The control 
arm was also suboptimal, as patients who respond to platinum-based chemotherapy are administered 
chemotherapy for 20 weeks or even longer (administered to only 34% of patients in the control arm of this 
trial). (8) The US FDA has however approved olaparib for this indication as of December 27, 2019. (9) ASCO 
guidelines suggest that the drug can be considered in the recommended setting after an informed discussion 
with the patient regarding all aspects of treatment. (10) 

Other PARPis like veliparib, rucaparib, and talazoparib have been studied in phase 1/2 trials. (11,12) One of 
the challenges in this space is that BRCA is not sufficient to predict response to PARP inhibitor therapy and 
the ideal biomarker is yet to be identified. The high drug cost of PARP inhibitors like olaparib (more than 
$12,000/month) is a further limitation that precludes its access in low to middle-income countries. 
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SECTION 2: HER-2 & HER-2 TARGETED THERAPY 
 
HER-2 & HER-2 Targeted Therapy in HER-2 Positive Breast Cancer 

Dr.Kripa Bajaj, Dr.Seema Gulia 

Treatment of HER-2 positive Breast Cancer in the Adjuvant Setting  

The standard adjuvant treatment for Human Epidermal Growth Factor Receptor 2 (HER-2) positive breast 
cancer includes chemotherapy and one year of trastuzumab.1 

Chemotherapy commonly consists of four cycles of an anthracycline-containing regimen (AC/EC) followed by 
a taxane; the latter is given concurrently with trastuzumab. 

Docetaxel, carboplatin, and trastuzumab (TCH) is an option, particularly for patients who are unsuitable for 
anthracycline-containing treatment. (Salmon D et al., 2011)2 

Anthracyclines may not be needed in patients with small tumors (< 3cm) and node negative disease; as such 
patients have a DFS rate of 93 % at 7 years when treated with paclitaxel for 12 weeks with 1 year of trastuzumab. 
(Tolaney et al., 2019)3 

Several randomized trials have compared one year of adjuvant trastuzumab with shorter durations of therapy, 
none of these trials, except PERSEPHONE, have proven   non-inferiority of shorter duration of trastuzumab 
compared with 1 year, according to their respective pre-defined non-inferiority limits. (4-7). A recent meta-
analysis on duration of adjuvant trastuzumab has strengthened the conviction that shorter duration of 
trastuzumab is sufficient in low-risk patients particularly in node negative and triple positive cases.8 

Two years of adjuvant trastuzumab did not have additional benefit over 1 year of trastuzumab (HERA Trial). 
Extending therapy with oral HER-2-inhibitors shows DFS benefit in hormone receptor positive breast cancer 
who did not achieve pathological complete response after neoadjuvant therapy as shown in ExeNET trial.9 

For HER-2-positive breast cancer with residual disease (breast and/ or axillary lymph node invasive carcinoma) 
after neoadjuvant therapy, T-DM1 significantly reduces the risk of disease recurrence compared with 
trastuzumab as per KATHERINE trial10, and represents the new standard of care in such patient population. 

Pertuzumab when added to adjuvant trastuzumab and chemotherapy improves the outcomes of stage III patients, 
particularly those with 4 or more positive nodes.11   

Dual inhibition of HER-2 improves the pCR rates in the neoadjuvant setting and is a potential strategy to 
improve survival in the adjuvant setting. However, at present there is no definite evidence that improvement in 
path CR leads to improvement in either DFS or OS.12, 13 

Metastatic Breast Cancer 

Relapsed or de novo metastatic HER-2 positive breast cancer is an incurable disease. However, with advances 
in therapeutics, the median survival in metastatic patients is now more than 55 months. 
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First line systemic therapy  

Dual HER-2 targeted therapy with Pertuzumab, trastuzumab and taxane based chemotherapy (THP) represents 
the first line regimen for advanced HER-2 positive breast cancer as per CLEOPATRA trial14. The median OS 
was 57.1 months in the THP arm compared to 40.8 months in trastuzumab and taxane arm. 

Pertuzumab beyond first line: there is limited data to support the use of Pertuzumab beyond first line, the 
PHEREXA trial15 did not show any PFS advantage of adding Pertuzumab to trastuzumab and capecitabine. 

Second line systemic therapy 

The antibody drug conjugate, TDM1 is the standard second line therapy for patients who have progressed on 
trastuzumab and taxane combination based on the EMILIA trial16. TDM1 has shown both PFS and OS benefit 
compared to capecitabine and lapatinib in spite of cross over (27 % of patients from the control arm received 
TDM1). 

Third line systemic therapy and beyond 

In the setting, where TDM1 could not be administered in the second line, the TH3RESA trial supports its use 
in the third line. The median OS was 32% longer in TDM1 arm compared to treatment of physician’s choice.17 

The continuation of HER-2 blockade with trastuzumab beyond progression in combination with chemotherapy 
has been well established as an effective approach18, however, few agents have recently established their 
efficacy in this setting. 

Trastuzumab deruxtecan (DS-8201) is a novel antibody-drug conjugate of trastuzumab with a cytotoxic 
topoisomerase I inhibitor. The payload ratio is high, and it has “by- stander effect” whereby nearby cells with 
low or negative HER-2 expression are also treated with the chemotherapeutic agent. The detrimental effects of 
tumor heterogeneity are theoretically lessened by this effect. Trastuzumab deruxtecan has shown response rate 
of 60% and median PFS of 16.4 months in heavily pre-treated patient population 19. 

Tucatinib is a novel oral TKI that is highly selective for the kinase domain of HER-2 with little inhibitory effect 
on EGFR, with activity in heavily pretreated HER-2 positive MBC. Tucatinib is particularly effective in patients 
with brain metastasis. The median CNS-PFS was 9.9 months with tucatinib in combination with capecitabine 
and trastuzumab compared to 4.2 months in the control arm.20 It is approved for second line treatment and 
beyond based on HER-2CLIMB study. 

Neratinib is an irreversible pan-HER TKI, which in combination with capecitabine has shown improved PFS 
compared to capecitabine and lapatinib (12-month PFS of 28.8% with Neratinib versus 14.8% in the control 
arm).21 

Lapatinib is a reversible TKI that targets both HER-2 and HER-1. Lapatinib with capecitabine used to be the 
preferred second line treatment until approval of TDM1.22 However, lapatinib still remains an option in settings 
where either TDM1 /tucatinib/neratinib is either unavailable or where cardiac toxicity is a concern, given the 
minimal cardiac toxicities with lapatinib compared to any other HER-2 targeted therapy.23 
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HER-2 & HER-2 Targeted Therapy in Gastric & Gastroesophageal Junction Cancers 
Dr. Narmada Rathnasamy 

Gastric Cancer 

Gastric cancer is the fifth common malignancy and also the fifth leading cause of cancer-related death in 
India. Etiology is multifactorial which includes H.Pylori infection, smoking, high salt intake, and other 
dietary factors. It is estimated that 3-5% are associated with hereditary syndromes and the increased risk is 
associated with Hereditary diffuse gastric cancer, Lynch syndrome, Familial adenomatosis polyposis, 
Juvenile Polyposis, and Peutz Jeghers Syndrome. 

Treatment for the localized resectable disease remains multimodality including surgery with perioperative 
or postoperative chemotherapy. Treatment for advanced or metastatic gastric cancer continues to evolve 
which includes systemic therapy with chemotherapy, targeted agents and immunotherapy, palliative 
surgical procedures, and radiotherapy. 

Tumour Classification 

Gastric cancers are histologically classified according to Lauren's classification as Diffuse and Intestinal 
type. About 95% of gastric cancers are adenocarcinoma. 

Gastric cancer has been classified into four molecular subtypes by TCGA in 2014 as: 

 1) EBV positive 2) MSI 3) Genomically stable and 4) Chromosomal Unstable. 

By using targeted sequencing and genome-wide copy microarray, ACRG (Asian Cancer Research Group) 
established molecular subtypes in gastric cancers in 2015.  

This includes: 1) MSI –High   2) MSS/EMT  3) MSS/ TP53 + 4) MSS/TP 53- . 

HER-2 In Gastric Cancer 

HER-2 overexpression/ gene amplification constitutes one of the important oncogenic drivers in many 
human cancers and is a validated target with therapeutic implication providing a survival advantage. The 
incidence of HER-2 amplification in GC & GEJ cancer depends on the methods used and the heterogeneity 
of tumors in each reported series. 

Most studies have shown greater HER-2 expression/amplification at the gastroesophageal junction than in 
the stomach (32.2% versus 21.4%). In the ToGA trial, the prevalence of HER-2 amplification/positivity was 
the highest among carcinomas with intestinal histology (31.8%) compared to the diffuse type (6.1%) and 
was lower in metastatic sites (16.7%). HER-2 expression/amplification seems to be more strongly associated 
with low-grade tumors.  

Immunohistochemistry is most commonly used to evaluate HER-2 expression in formalin-fixed, paraffin-
embedded specimens. Fluorescence in situ hybridization (FISH) can also be done on small FFPE samples 
while southern blot hybridization requires a large, fresh specimen. The correlation between IHC and FISH 
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is approximately 90% in IHC strong positive cases (3+), however, weakly positive cases (2+) obtain only a 
minor association. NGS would still require confirmatory testing with validated assays. 

HER-2 Testing- Immunohistochemistry (IHC) 

American Society for Clinical Oncology and the College of American Pathologists has issued a specific 
guideline for HER-2 testing in gastric and gastroesophageal adenocarcinoma. The membrane staining 
intensity and pattern seen on IHC is subjectively scored by using the established criteria on a Modified 
Hoffman 4-tiered scale as 0, 1+, 2+, and 3+. Only membranous staining is considered for HER-2 scoring, 
but unlike breast carcinoma, complete membranous staining is not required for positivity. The luminal 
surface of tumor cells often fails to stain in HER-2- amplified GEA. Only luminal surface staining in the 
absence of lateral and basal staining is considered negative. Guidelines recommend that specimens with 2+ 
expression of HER-2 by IHC should be additionally assessed by FISH or other ISH method. 

IHC 
score 

HER-2 IHC Pattern in 
Surgical Specimen 

HER-2 IHC Pattern in 
Biopsy Specimen 

HER-2 
Expression 
Assessment 

0 No reactivity or membranous 
reactivity in <10 % of cancer 
cells 

No Reactivity Or no 
membranous reactivity in any 
cancer cell 

Negative by 
IHC 

1+ Faint or barely perceptible 
membranous reactivity in 
≥10%of cancer cells; cells are 
reactive only part of their 
membrane 

Cancer cell cluster* with a 
faint or barely perceptible 
membranous reactivity 
irrespective of the percentage 
of cancer cells positive 

Negative by 
IHC 

2+ Weak to moderate Complete, 
basolateral or lateral 
membranous reactivity≥10% of 
tumor cells 

Cancer cell cluster* with a 
weak to moderate complete, 
basolateral, or lateral 
membranous reactivity 
irrespective percentage cancer 
cells positive 

Equivocal 
by IHC 
  

3+ Strong complete, basolateral or 
lateral membranous reactivity 
in≥10%of cancer cells 

Cancer cell cluster* with a 
strong complete basolateral, or 
lateral membranous reactivity 
irrespective of the percentage 
of cancer cells positive 

Positive 
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HER-2 Testing- FISH  

For FISH assessments, at least 20 non-overlapping nuclei of tumor cells are evaluated for HER-2 probe and 
CEP-17 probe signal enumeration. A ratio of HER-2 signal to CEP-17 signal of 2.0 or greater is considered 
positive and a ratio of HER-2 signal to CEP-17 signal below 2.0 is considered negative. If IHC is 2+ and 
there are 3 or more CEP-17 signals, on average, with a ratio below 2, then the presence of more than 6 HER-
2 signals (single probe assay), on average, is interpreted as positive for HER-2 amplification by ISH/FISH; 
fewer than 4 HER-2 signals, on average, is interpreted as negative for HER-2 amplification; and 4 to 6 
signals, on average, indicates another 20 cells should be scored in a different target area.  

Therapeutic Implications of HER-2  

First   Line in Advanced   Unresectable or Metastatic HER-2 Positive Gastric Cancer 

The median overall survival (OS) of advanced gastric adenocarcinoma with systemic chemotherapy ranges 
from 10-12 months. HER-2 testing is recommended for all gastric adenocarcinoma patients who have 
metastatic disease. Treatment in first-line therapy of advanced HER-2 positive gastric cancer with anti-HER-
2 agents has been evaluated in phase III trials for Trastuzumab (ToGA trial and Shah et al), Lapatinib 
(LOGIC trial), and dual blockade with Pertuzumab and Trastuzumab (JACOB trial). Trastuzumab is the only 
agent found to have a statistically significant benefit of 2.7 months OS and is approved for use in first-line 
therapy along with platinum-based chemotherapy.  

 

TRIAL HER-2 
inclusion 
criteria 

CHEMO ORR 
(%) 

DFS (Months) OS (Months) 

ToGA 
(Trastuzumab) 

FISH+ CISPLATIN+5
FU 

47 vs 35 6.7 vs 5.5 
HR 0.71 
p =0.0002 

13.8 vs 11.1  
p=0.004 
HR  0.74 

LOGiC 
(Lapatinib) 

FISH + CAPEOX 53 vs 39 5.4 vs 6.0 
HR   0.82 
p=0.04 

10.5 vs 12.2 
p=0.3 
HR  0.91 

JACOB 
(Pertuzumab) 

IHC3+ 
FISH + 

CISPLATIN+5
FU 

57 vs 48  7.0 vs 8.5 
p<0.05 

14.2 vs 17.5  
p=0.05 
HR  0.84 

 

HER-2 Agents in Second Line Therapy 

Lapatinib: The use in the second-line setting for HER-2 FISH positive metastatic gastric cancer was 
evaluated in phase III trial TyTAN, in which addition of Lapatinib to paclitaxel did not show a statistical 
improvement in clinical outcome.  
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TDM-1: Trastuzumab Emtansine was evaluated in the GATSBY trial for HER-2 Positive gastric cancer 
(IHC 3+ or IHC 2+ with FISH +) in second-line therapy. In this trial, 80% of the patients had received prior 
Trastuzumab therapy and were randomized to TDM-1 or Paclitaxel. There was no significant improvement 
in PFS or OS outcome. 

Trastuzumab Deruxtecan 

An antibody-drug conjugate combining a humanized monoclonal anti-HER-2 antibody bound to a cytotoxic 
topoisomerase I inhibitor (drug payload) employing a cleavable, tetrapeptide-based linker. It was evaluated 
in phase II trial, DESTINY in which the drug was given at the time of progression after at least 2 HER-2 
targeted therapy versus chemotherapy. The objective response rate (51% vs 14%) and overall survival 
benefits (12.5 vs 8.4 months) were statistically more in Trastuzumab Deruxtecan. The drug has an added 
advantage of bystander killing effect upon the adjacent HER-2 negative cells. 

Margetuximab (Anti-HER-2 Monoclonal Antibody) 

Margetuximab is an Fc-engineered monoclonal antibody against HER-2 and is approved as an Orphan drug 
for advanced HER-2 positive gastric cancer.  The synergistic anti-tumor activity of Margetuximab 15mg/kg 
with Pembrolizumab 200 mg given every 3 weeks was evaluated in phase I/II study in patients with HER-2 
gastric cancer who had progressed after prior Trastuzumab. In patients with HER-2 and PD-L1 positive 
gastric cancer (n = 23), the ORR was 52.5% and the DCR was 82.6%. The median PFS in the subgroup was 
5.5 months and the median OS was 20.5 months. 

Role of Continuing Trastuzumab Beyond Progression 

Continuing trastuzumab beyond progression warrants further study. Multiple randomized and retrospective 
studies have evaluated the same and have shown controversial results. The phase II Randomized T -ACT 
study of Japan did not demonstrate any PFS, OS, and ORR benefits. Retrospective AEGO study showed 
improvement in PFS and OS.  Retesting of HER-2 expression to be considered in trastuzumab exposed 
patients.   

Immunotherapy in HER-2 Positive Gastric Cancers 

RATIONALE: Targeting HER-2 receptor with Trastuzumab stimulates HER-2 specific T cell responses 
and has shown to increase the tumor PD-L1 expression.  Also, the anti-PD-1 antibody can help to enhance 
T cell-specific immunity induced by trastuzumab. Oxaliplatin can further enhance T-cells by activating 
dendritic cells. 

The role of immunotherapy in HER-2 advanced gastric cancer is evolving and has been demonstrated in 
various phase I/II studies with a manageable safety profile and promising efficacy. The addition of 
Pembrolizumab to Trastuzumab with chemotherapy in first-line advanced gastric cancer seems to be a 
promising option and is being evaluated in the ongoing KEYNOTE- 811, a phase III multinational 
randomized controlled trial. 
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STUDY IO HER-2 + CHEMO PHASE LINE   ORR PFS OS 
Months 

PANTHERA P Trastuzumab + 
Capecitabine+Cisplatin 

Ib/II 1st 76.7% 8.6 months 19.3  

NCT02954536 P Trastuzumab + 
Capecitabine +Cisplatin  

II 1st 91% 70% at 6 
months 

NA 

P-Pembrolizumab   

Role of HER-2 Agents in Locally Advanced Gastric Cancer 

NEOHX (open-label Phase II) Perioperative treatment with trastuzumab in combination with capecitabine 
and oxaliplatin (XELOX-T) in patients with HER-2 resectable stomach or esophagogastric junction which 3 
cycles were given pre and postoperatively followed by Trastuzumab monotherapy for 1 year. This study 
demonstrated the feasibility and was also found to have promising activity. 

HER-FLOT 

Phase II study in which FLOT was combined with Trastuzumab given every 14 days for 4 cycles 
preoperatively and postoperatively followed by 9 cycles of Trastuzumab monotherapy every 3 weeks. The 
interim safety analysis showed no unexpected safety findings and the primary endpoint of pCR rates was 
around 22% in those receiving FLOT-Trastuzumab and also near-complete regression (<10 % residual tumor 
cells) was found to be around 24%. The long-term results of Ro resection rate, Overall survival, and toxicity 
profile are awaited. 

Innovation- Ongoing trial is evaluating the combination of Pertuzumab, trastuzumab along with 
chemotherapy in HER-2 positive GEJ and gastric cancers in the Neoadjuvant setting. 

Resistance to HER-2 Therapy 

The possible mechanism of resistance to HER-2 targeted therapy includes alteration in the structure of HER-
2, activation of downstream pathway PI3K /AKT/mTOR or due to interaction of HER-2 with membrane 
receptors, and co-existing alternative oncogenic driver mutation like EGFR and MET amplification. Afatinib 
which irreversibly blocks EGFR, HER-2, and HER-4, adding mTOR inhibitors or dual blockade might help 
to eliminate resistance to Trastuzumab as found in preclinical studies. 

Conclusion: 

Unlike breast cancer, the improvement in outcomes with HER-2 targeted therapy in gastric/GE junction 
cancers has been modest. The heterogeneity in expression of HER-2 could be a plausible explanation for the 
lack of response or early resistance associated with the therapy. Discordance in HER-2 status between 
primary tumors and metastatic lesions may also confound the efficacy of HER-2 directed agents making a 
re-biopsy at progression worthwhile. Combination chemotherapy, dual HER-2 blockade, and 
immunotherapy may improve the treatment outcome of HER-2 positive advanced gastric cancer. 
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HER-2 Targeted Therapy in NSCLC- Current Evidence 
Dr. Suresh Kumar 

HER-2 is a member of the ErbB family of receptor tyrosine kinases. It is encoded by the HER-2 gene which is 
present on the long arm of chromosome 17 (17q21). HER-2 is activated by homo- or heterodimerization with 
other members of the ErbB family, resulting in phosphorylation of intracellular tyrosine kinase residue and 
activation of downstream PI3K/AKT and MEK/ERK pathways leading to cellular proliferation. HER-2 
amplification and overexpression are well-established driver mechanisms for the development of breast cancer 
and gastric cancers and HER-2 directed therapies are the standard first-line therapies for HER-2 positive breast 
and gastric cancers. 

Types of HER-2 alterations in NSCLC 

Three types of HER-2 alterations occur in NSCLC: HER-2 gene amplification, HER-2 overexpression, and 
HER-2 point mutations. 

HER-2 Overexpression 

It is seen in 13-20% of NSCLC. Commonly seen in adenocarcinoma and well-differentiated tumors. HER-2 
quantification is detected by IHC and a score of 2+ or 3+ is considered as overexpressed in most of the studies. 
HER-2 overexpression is a poor prognostic factory in NSCLC. 

HER-2 Gene Amplification 

Denovo amplification is uncommon and is seen in <3% of cases of NSCLC whereas acquired HER-2 gene 
amplification is seen in about 13% of patients who progressed on prior EGFR-TKI therapy. It is one of the most 
common resistance mechanisms for EGFR-TKI after T790M mutation.  HER-2 gene copy number to 
centromere ratio of ≥2 on FISH is considered positive for HER-2 gene amplification. The prognostic value of 
HER-2 amplification is debatable. 

HER-2 Somatic Mutations 

These mutations are seen in 2-4% of cases of NSCLC. RT-PCR and NGS are techniques used to detect HER-2 
mutations. YVMA 776-779 insertion in the exon 20 is the most common and accounts for about 90% of HER-
2 mutations. The prognostic value is controversial. 

The correlation between HER-2 gene mutation, amplification, and protein overexpression is unclear, unlike in 
breast cancer where gene amplification is associated with protein overexpression. Numerous studies have been 
conducted to study the role of anti-HER-2 therapies like monoclonal antibodies, antibody-drug conjugates, and 
TKIs, however, in contrast to breast, their role is not yet clear in NSCLC. 
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HER-2 Targeted Therapy 

Monoclonal antibodies 

Trastuzumab has shown poor response in NSCLC, regardless of HER-2 status determined by IHC or FISH. 
However, Trastuzumab plus paclitaxel in patients who progressed on EGFR-TKI with HER-2 expression, the 
highest response rates were seen in patients with IHC score 3+ (ORR 67%, n=12) and HER-2 copy number ≥10 
(ORR 100%, n=4). (1) This shows that de novo and secondary HER-2 alteration might respond differentially to 
anti-HER-2 therapies. 

Single-agent pertuzumab was ineffective for NSCLC patients with HER-2 alteration. Trials assessing 
combination therapies are currently underway. 

Antibody drug conjugates 

T-DM1 has shown ORR of 44% and a median PFS of 4 months in HER-2 mutant lung cancer (n=35) even in 
heavily pretreated patients, in a phase II trial. (2) Based on this, the NCCN guideline has recommended T-DM1 
for HER-2 mutant NSCLC. 

Trastuzumab deruxtecan, in a phase II trial in previously treated patients with HER-2 mutation. (DESTINY-
Lung 01) had ORR of 61.9% and a median PFS of 14 months; the median OS was not reached (3) The NCCN 
guideline now recommends trastuzumab deruxtecan as an option for HER-2 mutant NSCLC. 

Small Molecule TKIs 

There are 6 TKIs with anti-HER-2 activity. Among these, lapatinib and afatinib are dual EGFR/HER-2 TKI and 
dacomitinib, neratinib, poziotinib, pyrotinib, and mobocertinib are irreversible pan-erbB receptor inhibitors. (4) 

Lapatinib did not show clinical benefit in the limited studies with NSCLC, nevertheless, patients in these studies 
were unselected for HER-2 expression.  Afatinib, although it demonstrated potent antitumor activity in 
preclinical studies, in clinical studies it has shown limited efficacy. However, retrospective studies reveal that 
certain mutations in the HER-2 gene like G778_P780dup (G778), p.A775_G776ins/YVMA, p.G776delinsVC, 
and p.Y772_A775dup may benefit from afatinib.(5). Similarly, dacomitinib and neratinib also showed limited 
efficacy in phase II studies. Of all the TKIs, poziotinib has the most potent activity against HER-2 exon 20 
insertions, which is the most common HER-2 mutation. In cohort 2 of the phase II, ZENITH20 trial, poziotinib 
demonstrated an ORR of 27.8%, DCR of 70%, and a median PFS of 5.5 months, which looks promising and 
further studies are ongoing. Pyrotinib (irreversible pan-HER inhibitor) and Mobocertinib (selective HER-2 and 
EGFR exon 20 inhibitor) are emerging drugs that showed significant antitumor activity in HER-2 exon 20 
insertions and are currently being tested in larger studies. 
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SECTION 3: BIOMARKERS FOR IMMUNOTHERAPY 

PD-L1 as a Biomarker for Immunotherapy in NSCLC & Other Solid Tumors 
Dr. Pradeep Ventrapati 

Introduction 

The advent of immune checkpoint inhibitors (ICIs) has changed the treatment landscape of many tumors, 
especially in the metastatic setting. Despite meaningful and durable responses to ICIs, not all patients respond 
to it. Validated biomarkers are needed to guide treatment decisions and identify patients who will have the 
most benefit with ICIs.  Most of the drugs target the PD-1/PDL-1 pathway, adopted by tumors to escape 
immune surveillance. PD-1 is expressed on the surface of activated T cells and PDL-1 is expressed on tumor 
cells, non-tumor cells and immune cells. PDL-1 expression is the first and most extensively studied 
predictive biomarker for selection of patients for treatment with ICIs.  

PDL-1 testing assays 

There has been a lot of variability in the method of PDL-1 testing as each ICI has been developed with its 
own potential companion diagnostic assay in clinical trials. Companion diagnostic tests Complementary 
diagnostic tests are considered as predictive, but are not required for prescribing the drug. On the other hand, 
companion diagnostic tests are required for drug prescription as specified by the FDA. Until now 4 assays 
have been approved by FDA either as companion or complementary, which differ from each other in terms 
of the primary antibody clone, the staining platform used, the cell component used for scoring and the cutoff 
for positivity1. These have been enumerated in Table 1 below. 

Table 1: Comparison of Anti PDL-1 assays 

Anti PDL-1 
Ab Diagnostic test Primary 

Ab clone Staining platform Cell component scored 

Nivolumab PDL-1 IHC 28-8 pharmDx 
test (Complementary) 28-8 Autostainer Link 48 

Tumor cell membrane 
(minimum 100 cells 

evaluated) 

Pembrolizuma
b 

PDL-1 IHC 22C3 pharmDx 
test (Companion) 22C3 Autostainer Link 48 

Tumor cell membrane, 
tumor infiltrating 

immune cells 

Atezolizumab Ventana PDL-1 (SP142) 
(Complementary) SP142 BenchMark ULTRA 

Tumor cell membrane, 
tumor infiltrating 

immune cells 

Durvalumab Ventana PDL-1 (SP263) 
(Complementary) SP263 OptiView/ 

BenchMark ULTRA Tumor cell membrane 

Ab: Antibody; PDL-1: Programmed death ligand 
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The PDL-1 scoring has also been performed differently in different tumors even for the same drugs. The 
different scoring systems have been listed below in Table 2. 

Table 2: PD-L1 scoring systems 

Scoring system Drug Definition 

TPS (%) Pembrolizumab 
TPS = (# PDL-1 staining tumor cells)/ Total # of 

viable tumor cells) x 100 

CPS Pembrolizumab 
CPS = (# PDL-1 staining cells [tumor cells, 

lymphocytes, macrophages]) / (Total # of viable 
tumor cells) x 100 

IC (%) Atezolizumab 
IC = proportion of tumor area occupied by PD-L1 
staining tumor- infiltrating immune cells of any 

intensity 

TC (%) Atezolizumab 
TC = percentage of tumor cells with the presence 
of discernible PD-L1 membrane staining of any 

intensity 

% PD-L1 Expression Nivolumab + 
ipilimumab 

# PD-L1 staining tumor cells) / (total # of viable 
tumor cells) x 100 

Among the 5 scoring systems, the TPS, TC and % PD-L1 expression are similar and are based on the 
percentage of tumor cells stained with PD-L1. CPS is the only score which is expressed as a number and 
counts both tumor and non-tumor cells stained with PDL-1. IC is based on PDL-1 expression in tumor 
infiltrating lymphocytes. 

Role of PDL-1 in Treatment Decision Making 

Non-Small Cell Lung Cancer (NSCLC) 

Adjuvant Therapy in Unresectable Stage III NSCLC 

Durvalumab is recommended as consolidation therapy for 1 year, starting within 1 to 42 days after 
completion of definitive chemoradiation in unresectable stage III NSCLC; based on the results of the phase 
III PACIFIC trial. The 3-year OS rate with and without Durvalumab was 57% versus 43.5% and the benefit 
was seen irrespective of the PDL-1 status before chemoradiotherapy. The EMA approval in this setting was 
only for patients whose PD-L1 expression was >1% since a post hoc exploratory analysis of mature survival 
data did not show significant benefit in patients with PD-L1 expression <1%2. 
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Metastatic NSCLC 

 PDL-1 expression has shown the largest predictive effect on treatment response in metastatic NSCLC. 

 First line therapy 

In patients with advanced NSCLC with PDL-1 expression > 50% (PS 0-1), with no actionable driver 
mutations, Pembrolizumab is approved as monotherapy based on the results of the phase III KEYNOTE-024 
study. Significant benefit was seen when compared with chemotherapy in terms of ORR (45% vs 28%), PFS 
(HR- 0.5, p<0.001) and median overall survival (OS) (30 months vs 14 months).3 

Similarly, Atezolizumab as monotherapy improved OS by 7.1 months when compared to chemotherapy 
alone in patients with PD-L1 expression >50% on TC3 or >10% on tumor infiltrating IC3 population as 
reported in the Impower110 study.4 

Combination therapies, like Pembrolizumab with chemotherapy, Nivolumab with Ipilimumab and 
Atezolizumab with Bevacizumab and chemotherapy have shown to improve outcomes irrespective of the 
PD-L1 status. 

 Second line therapy 

Pembrolizumab has been approved as second line therapy in patients with PD-L1 expression of at least 1%, 
based on KEYNOTE-010 5 phase 3 study. There was a significant benefit in 2-year OS with Pembrolizumab 
when   compared with Docetaxel (30.1% vs 14.5%). Grade 3-5 toxicities were also lower in the 
Pembrolizumab arm (13-16% vs 35%). 

Other ICIs: Nivolumab and Atezolizumab are approved for second line therapy, irrespective of the PD-L1 
expression. 

Urothelial Carcinoma 

First Line treatment in advanced urothelial carcinoma 

Pembrolizumab is approved for the treatment of locally advanced or metastatic bladder cancer in cisplatin 
ineligible patients with PD-L-1 positivity defined by a CPS score>10 in the first  line setting based on the 
results of the KEYNOTE – 052 6 phase 2 study. An ORR of 28.6% and a median OS of 11.3 months with 
Pembrolizumab. In patients with CPS >10, ORR was 47.3% and median survival was 18.5 months which 
was higher compared to historical controls.  

Atezolizumab is approved as monotherapy for locally advanced or metastatic patients who are cisplatin 
ineligible with IC2/3 defined as PD-L1 expression >= 5% based on the results of IMvigor2107 and early 
results of IMvigor130. 

In patients who are not eligible for any platinum-based therapy, Pembrolizumab and atezolizumab are 
approved irrespective of PD-L1 status. 
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Second line treatment in advanced urothelial carcinoma 

Pembrolizumab, Atezolizumab, Durvalumab, Nivolumab and Avelumab are all approved for second line 
treatment in locally advanced or metastatic bladder cancer irrespective of PD-L1 status. 

Melanoma 

Multiple trials evaluating ICIs in patients with advanced malignant melanoma have shown that patients with 
little or no PD-L1 expression also experienced durable responses, absence of PD-L1 expression does not 
preclude treatment with ICIs. 

Descriptive analyses from the Checkmate 067 trial8 showed that patients with low PD-L1 expression <5% 
seemed to have improved outcomes with Nivolumab/Ipilimumab combination relative to nivolumab 
monotherapy. 

Gastric and Esophageal Cancers 

PD-L1 testing is recommended in advanced gastric and esophageal cancer to guide treatment decisions and 
the scoring is by CPS. 

 First line treatment 

The recently announced results of the Checkmate 6499 suggest a new standard of care with the combination 
of Nivolumab with oxaliplatin and fluoropyrimidines in previously untreated HER-2-negative advanced 
gastric cancer patients with a PD-L1 CPS>=5. A statistically significant difference is seen in the median OS 
when compared with chemotherapy (FOLFOX /XELOX) – 14.4 months vs 11.1 months (HR=0.71; 
p<0.0001) in the PD-L1 CPS >=5 population. 

Second line treatment 

Pembrolizumab is approved for second line therapy in advanced esophageal cancer with PD-L1 CPS >=10, 
when compared with investigator choice of chemotherapy with a statistically significant benefit in median 
OS (9.3 months vs 6.7 months; p=0.0074) in the KEYNOTE 181 study10. 

Third and subsequent lines 

Based on the KEYNOTE 059 study11, Pembrolizumab has been approved for third and subsequent lines of 
therapy in chemo-refractory advanced gastric cancer with a PD-L1 CPS >=1. The ORR in patients with CPS 
>=1 was 15.5%. 

Head and Neck Cancers 

In the first line setting in recurrent/metastatic head and neck squamous cell carcinoma (RMHNSCC), 
Pembrolizumab monotherapy showed improved median OS when compared to Cetuximab with 
chemotherapy combination in patients with PD-L1 CPS >=1 based on the results from KEYNOTE 048 phase 
3 study12. However, in the overall study population Pembrolizumab monotherapy was not superior to 
chemotherapy plus cetuximab. 
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Pembrolizumab with chemotherapy was superior to Cetuximab with chemotherapy in the total population 
irrespective of PD-L1 status, with a higher magnitude of benefit in patients with PD-L1 CPS >=20. 

Pembrolizumab monotherapy and pembrolizumab with chemotherapy combination are approved in 
RMHNSCC in the first line treatment in patients with CPS >=1. 

Cervical cancer 

In the KEYNOTE 158 study13, a phase II basket trial of Pembrolizumab, out of 98 patients of recurrent or 
metastatic cervical patients, 77 patients had a PD-L1 CPS>1. ORR in these patients was 14.3% and 91% of 
them had durable responses for > 6 months. In view of this data, Pembrolizumab was approved in the second 
line setting for patients of advanced cervical cancer with PD-L1 CPS>1. 

Metastatic Triple Negative Breast Cancer (TNBC) (14) 

● In the phase III Impassion130 study in metastatic TNBC patients, first line treatment with 
Atezolizumab and nab-Paclitaxel significantly improved median OS (25 months vs 18 months; HR-
0.71) when compared to placebo with Nab-Paclitaxel in patients with PD-L1 expression IC >1%. 

● In the KEYNOTE 355 study (15), among the subset of patients with PD-L1 CPS>10, a clinically 
meaningful and significant improvement in median PFS was seen in the Pembrolizumab-
chemotherapy arm when compared to chemotherapy alone (9.5 vs 5.6 months, p=0.0012). 

● Based on this evidence Atezolizumab with nab-Paclitaxel and Pembrolizumab-chemotherapy 
combinations are preferred first line therapy options in PD-L-1 positive tumors. 

 

Conclusion: 

Although PD-L1 is the first and most extensively studied biomarker for ICI use, it is an imperfect marker to 
guide treatment decisions. Among the pivotal trials with ICIs which led to FDA approvals, 80% of them had 
PD-L1 expression as a correlate; only 30% of them showed the predictive nature of PD-L1 expression and 
less than 20% are approved with a companion diagnostic test16. The reasons for the imprecise nature of PD-
L1 as a biomarker are multifold which can be listed as follows: 

1)      Variability in the type of tissue tested, assay, cutoff, cell type scored 
2)      Heterogeneity in the molecular pathways leading to expression of PD-L1 
3)      Temporal and spatial heterogeneity of PD-L1, and the ability to be altered by exposure to prior therapies 
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Microsatellite Instability and immune sensitization to tumor:  
Colorectal cancers & Non-Colorectal Cancers 

Dr. Amit Agrawal 

Introduction 

Immunotherapy is gaining more and more attention due to exceptional and long-lasting responses among 
some of the refractory cancers. Immune checkpoint inhibitors (ICIs) were first approved for Melanoma 
therapy and following which were approved for Non-small cell lung cancer, Head and Neck squamous, Renal 
cell, Urothelial, breast cancer and Hepatocellular carcinoma1. These were based on PDL-1 (Programmed cell 
death ligand-1), Tumor proportion score (TPS), Combined positive score (CPS), etc. The binding of PD1 to 
its ligands, PD-L1 and PD-L2, leads to peripheral T-cell activation and immune cell tolerance2. The inhibitors 
of these biomarkers lead to immune reactivation and show anticancer activities. Tumors with high 
microsatellite instability (MSI-h) or deficient mismatch repair (d-MMR) have shown responses to immune 
checkpoint inhibitors3. Immune checkpoint inhibitors were approved by the United States Food and Drug 
Administration (US-FDA) as an anticancer therapy for the treatment of dMMR/MSI-H tumors4. 

 

Proposed mechanism of action of immunotherapy in MSI-h tumors: 

1. Higher numbers of tumor-infiltrating lymphocytes (TILs)5. 
2. Increased tumor-associated antigens (TAA) expression due to a frame-shift mutation, deletion and insertion 

in the microsatellite region6. 
These are responsible for a highly immunogenic tumor environment and greater response to immunotherapy.  

Immunotherapy in MSI-h colorectal cancers 

Metastatic colorectal cancers, Immunotherapy, is being considered. However, in colorectal cancer patients, 
PDL1 expression is not found to be beneficial with immunotherapy3,7. In some studies, it was shown that 
MSI-h tumors respond to immunotherapy8. But, only half of MSI-h Colorectal cancers show response to 
Immunotherapy treatment. Anti PD-1 molecule, Pembrolizumab was assessed in Phase 2 clinical trial on 
mCRC patients and showed immune-related objective response rate (ORR) and immune-related 6-month 
progression-free survival (PFS) of 40% and 78% respectively in patients with MSI-h compared to 0% and 
11% for MMR proficient (pMMR) CRC patients respectively3. CheckMate142 trial evaluated the efficacy 
of single-agent nivolumab, as well as the combined Nivolumab and Ipilimumab in patients with MSI-h 
CRCs. Nivolumab showed good and durable objective responses. Responses were even better in the 
combination arm, albeit with more toxicities9. In phase 3 Keynote 177 study, Pembrolizumab improved 
progression-free survival (PFS) as first-line treatment in patients with metastatic MSI-h/dMMR colorectal 
cancer compared to chemotherapy (16.5 Vs 8.2 months, HR-0.60)10. Currently, there are ongoing trials 
evaluating immunotherapy in adjuvant settings along with chemotherapy. So, it is certain that amongst 
colorectal cancers, the MSI-h/dMMR subset of patients responds to immunotherapy, owing to their high 
mutation burden. But even in this subset, all patients do not respond to current ICIs and further insights into 
the mechanism of immunotherapy resistance are needed11. 
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Immunotherapy in MSI-h non-colorectal tumors 

Similar to colorectal cancers, non-colorectal cancers with MSI-h status were evaluated in studies. In a Phase 
2 study, which evaluated the activity of Pembrolizumab in progressive metastatic carcinomas (including 
colorectal as well as non-colorectal) with or without MSI-h, investigators found that mismatch repair status 
predicted clinical benefit of pembrolizumab12.  In Phase-2 Keynote 158 trial, patients with solid tumors 
previously treated with multiple lines of treatment were enrolled and anti-PD-1 monoclonal antibody 
Pembrolizumab was evaluated in this setting. In this study, the cohort of patients with a high Tumor mutation 
burden (TMB-H) showed a 29% objective response rate to immunotherapy, as compared to 6% ORR in the 
cohort with tumors not having high TMB. As we all know, TMB-H tumors are more immunogenic and 
hence, should be more responsive to immunotherapy13. 

As stated earlier, US-FDA has approved pembrolizumab for treatment of dMMR/MSI-H tumors irrespective 
of tumor site/type. 

 
Conclusion: 

Like PDL-1 expression, the MSI-h status of tumors is also now being considered for treatment with 
immunotherapy. However, further insights into this are needed to identify the subset of patients who will be 
benefiting most. 
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Emergence of TMB as a Marker for Immunotherapy and Evidence for its Use 

Dr. Satvik Khaddar 

Introduction  

Immune checkpoint inhibitor (ICI) therapy is an emerging tool in the armamentaria of drugs used in cancer 
treatment. It has been approved by various drug regulatory agencies in many tumor types such as renal cell 
carcinoma, lung, melanoma, bladder, Hodgkin’s lymphoma and head and neck cancers.1-6. Despite its 
impressive response rates, only a subset of patients of a tumor respond to these agents which depends on a 
certain degree of interaction between the tumor and its microenvironment. There is a lack of a robust 
predictive biomarker to select patients who will respond to these ICIs across all tumor types. 

Biomarkers such as the PD-L1 Combined Positive score (CPS), Tumor proportion score (TPS) and Immune 
cell score (ICS) have been used in trials to categorize patients who might have the best response to 
immunotherapy but none of them have been standardized. Only PDL-1 by IHC has been validated to predict 
response to immune checkpoint inhibitors. However, it is an imperfect biomarker due to intrinsic tumor 
heterogeneity and its ability to change with cancer progression.  Non-synonymous somatic mutations lead to 
altered amino acid residues, creating new T -cell epitopes which serve as neoantigens capable of eliciting an 
immune response7. Each such mutation increases the probability of expressing a neo-antigen which can lead 
to generation of immune response. Tumor mutational burden (TMB), which is defined as the number of non-
synonymous mutations in a tumor and can be used as a predictive biomarker for immunotherapy. 
 

TMB as a Biomarker  

Several retrospective studies have supported the hypothesis of increased mutational load in a tumor 
correlating with higher response rate to checkpoint inhibitors8,9. A study from MSKCC done on 1600 patients 
with 10 tumor types treated with immunotherapy has revealed that there is 10 a clear dose response 
relationship between TMB and response rate, progression -free survival (PFS) as well as over survival (OS).  
They did not find any relation between TMB and survival in a comparison cohort of patients who have never 
received checkpoint inhibitors, suggesting that TMB is a predictive, not a prognostic biomarker. Keynote 
158 was a phase 2 prospective trial to assess the predictive value of TMB in patients treated with 
Pembrolizumab in 10 different tumor types. High TMB, defined as > 10Mut/Mb using the FoundationOne 
assay, was predictive of better ORR and PFS, but not OS in this trial[xi]. In mismatch repair deficient tumors 
(dMMR), TMB provides additional predictive information of response to checkpoint inhibitor therapies12. 

The correlation between TMB and ICI is not always linear. In some tumor subtypes, such as Merkel cell 
carcinoma, RCC and mesothelioma, a higher than anticipated response rates have been seen with respect to 
their TMBs13 suggesting a different mechanism at play in these tumors. 

Whole exome sequencing (WES) on tumor DNA and matching normal DNA can be used to estimate TMB, 
however considering the cost and logistics, most of the studies have used a predefined set of targeted gene 
panels to estimate the TMB such as Foundation Medicine panel (0.8Mb) and MSK-IMPACT panel (1.22 
Mb). TMB measurement using smaller gene panels can be highly erroneous and clinically less meaningful 
especially in tumors such as NSCLC where TMB is a continuous variable. Another issue with TMB 
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measurement is different cut-offs used to define high TMB in various studies across different tumor types, 
suggesting it would be difficult to define a universal value across all tumors. Technical issues such as 
sampling errors, length and depth of sequencing, fixative agents and fixative time among others can impact 
analysis of TMB. 
 

Beyond TMB 

Presence of mutations does not necessarily translate to tumor rejection. It is a multifactorial and complex 
interplay of events from mRNA generation to translation and post-translational modifications after which 
the neoantigens are presented on the tumor cell surface. Even after neo-antigen recognition, there is a wide 
variability in T cell response owing to multiple costimulatory and inhibitory signals at play. Neoantigen 
heterogeneity is associated with poor response to ICIs despite high TMB14. Loss of heterozygosity at HLA 
locus has been reported with lack of response to ICIs[xv]. 

 Future strategies should focus on combining TMB with other biomarkers such as PDL-1 expression, RNA 
signatures or T cell-inflamed GEP signatures which may improve the selection of patients who will benefit 
the most with ICIs. 

Overall, data suggests that TMB is a promising biomarker to predict the response to single agents as well as 
combination ICIs but not chemotherapy or chemotherapy with ICI combination. It is still an imperfect 
biomarker due to different assays, gene coverage and cut-off used to measure TMB. At present it is not clear 
whether ICIs will get tumor agnostic approval in patients with high TMB similar to pembrolizumab in MSI-
H tumors, results of Checkmate 848 might give an answer to this question in future. Till then, the use of 
multiple approaches may be the most effective way to predict response to ICI therapy, as shown in studies 
combining WES and RNA or WES and IHC to predict patient responses to therapy. 
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SECTION 4: DRIVER MUTATIONS AND THEIR ROLE IN CANCER THERAPEUTICS 
 
Evidence Based Management of EGFR Mutant Non-Small Cell Lung Cancer 

Dr. Rakesh MP, Dr. Aditya Dhanawat, Dr. Nandini Menon 

The use of biomarker testing for oncogenic driver mutations in non-small cell lung cancer (NSCLC) has led 
to a paradigm shift in the management of advanced NSCLC. Patients with EGFR sensitizing mutations 
treated with tyrosine kinase inhibitor (TKI) have experienced significantly longer progression-free survival, 
overall survival and improved quality of life. Mutations in EGFR tyrosine kinase are observed in around 10-
15% of NSCLC adenocarcinoma in the West and up to 60% in Asians as seen in the PIONEER study.1,2 The 
frequency of these mutations was higher in adenocarcinomas, non-smokers and females. In India the 
prevalence of EGFR mutations in NSCLC ranges from 23%-52% in various studies across the country, with 
the predominant population being female non-smokers. 3-7 

EGFR Receptors in NSCLC 

  TABLE 1: EGFR MUTATIONS IN NSCLC 

SENSITISING MUTATIONS RESISTANT MUTATIONS 

Common PRIMARY 

Exon deletion 19 (del 19) Exon 20 insertions* 

Exon 21 L858R SECONDARY/ACQUIRED 

Uncommon Exon 20 T790M 

Exon G719X 

 
Exon 19 insertions 

Exon 20 S768I 

Exon 21 L861Q 

*Exon 20 mutations other than T790M are in-frame duplications or insertions, most of these are resistant to 
TKIs except for p.A763_Y764insFQEA which is sensitive to TKIs and p.A763_Y764insLQEA which may 
be associated with sensitivity to TKIs. Hence the specific sequence of the exon 20 insertion mutation is 
important 
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WHOM to test? 

EGFR testing is carried out in all advanced adenocarcinoma lung cases. Apart from adenocarcinoma, lung 
tumours of mixed histology, never smokers, small biopsy samples are other indications for molecular testing. 
With the advent of the role of TKIs in the adjuvant setting, now to test all cases of adenocarcinoma for driver 
mutations.8 

Methods of Testing for EGFR mutations 

Real time PCR, Sanger sequencing and NGS are the most common methods currently used for EGFR 
mutation testing. PCR-based methods can detect up to 0.1% of tumour cells with the mutation making it one 
of the most sensitive assays but detects only a limited number of mutations.9 Direct sequencing warrants 
good quality samples, usually with at least 20% tumour cells.10 

Immunohistochemistry analyses with specific antibodies against major mutations associated with TKI 
sensitivity have also been developed, however their role in routine clinical practice still needs validation. 
There is good concordance between all the above-mentioned methods.11 

Mutation testing can be performed on surgical resection specimens, biopsies, needle biopsies, aspirations, 
pleural fluid cell block cytology. FFPE samples with at least 20% of tumour cells constitute an ideal specimen 
for molecular testing. Macro-dissection helps in increasing the yield by selection of areas with high tumour 
cell density by manually cutting specific areas in the paraffin block or scratching glass slides based on the 
image of the classical HE stained section. The tissue for analysis may be both the primary or metastatic site 
as the heterogeneity in expression is only minimal.12 

Ct-DNA/Liquid biopsy 

The CAP/IASLC/ASCO 2018 13and the NCCN guidelines 14 recommend the use of circulating cell free 
tumour DNA sequencing for mutation analysis (Cf Ct DNA) when patient is medically unfit for a biopsy, 
tissue limited/ insufficient or at the time of progression/secondary clinical resistance to identify T790M.13,14 

Treatment of EGFR mutant NSCLC and EGFR Tyrosine Kinase Inhibitors 

The presence of a sensitising EGFR mutation predicts sensitivity to EGFR TKIs and therefore EGFR TKI 
based therapy is the preferred treatment. First generation TKIs include Geftinib,15-17 Erlotinib 18,19 which 
reversibly binds to EGFR mutant NSCLC. Second generation TKI include Afatinib20,21 and Dacomitinib22 
which irreversibly blocks the receptor tyrosine kinase. In the FLAURA trial23 it was compared with 1st 
generation TKI (Gefitinib/Erlotinib) and found significant improvement in PFS of 18.9 vs 10.2 months (HR 
0.46, P<0.0001). It was also beneficial in patients with CNS metastasis with a PFS of 15.2 vs 9.6 months 
(HR 0.47, P=0.0009) and median OS of 38.6 vs 31.8 months (HR 0.80, P=0.046).24 Thus, osimertinib is the 
preferred option in first-line treatment of EGFR mutated metastatic NSCLC. 

EGFR TKIs in combination with platinum doublet chemotherapy in advanced adenocarcinoma lung showed 
an improvement in PFS and OS as seen in the NEJ00925 and the study by Noronha et al26. The combination 
of 1st generation with anti-VEGF agents such Bevacizumab (NEJ026)27 or ramucirumab (RELAY) 28showed 



Technology & Cancer Care 

 

Page 119 of 564 

an improvement in the median PFS with the addition of an anti-VEGF agent. The NEJ 026 study reported 
that there was no OS benefit seen with addition of bevacizumab 29 and the OS data for RELAY is immature. 

The recent ASCO and OH (CCO) Joint Guideline Update recommends a 1st generation TKI in combination 
chemotherapy/anti-VEGF agents or Dacomitinib be used in patients who do not have access to Osimertinib 
in the first line setting.30 

TABLE 2:  AVAILABLE EVIDENCE FOR FIRST LINE TREATMENT OF EGFR MUTANT 
NSCLC 

Study N Treatment ORR 
(%) 

Median PFS 
(Months) 

Median OS 
(Months) 

NEJ00216 230 

Gefitinib 
versus 

Carboplatin + 
Paclitaxel 

74 vs 31 10.8 vs 5.4 
(P < .001) 

30.5 vs 23.6 
(HR: 0.89) 

WJTOG 340517 172 
Gefitinib 

versus 
Cisplatin + Docetaxel 

62 vs 32 9.6 vs 6.6 
(P < .001) 

34.8 vs 37.3 
(HR: 1.25) 

OPTIMAL18 165 

Erlotinib 
versus 

Carboplatin + 
Gemcitabine 

83 vs 36 13.1 vs 4.6 
(P < .0001) 

22.8 vs 27.2 
(HR: 1.19) 

EURTAC19 174 
Erlotinib 

versus Platinum-
based chemotherapy 

58 vs 15 9.7 vs 5.2 
(P < .0001) 

22.9 vs 19.5 
(HR: 0.93) 

FLAURA23,24 556 Osimertinib versus 
Gefitinib/Erlotinib 80 vs 76 

18.9 vs 10.2 
(HR 0.46, 
P<0.001) 

38.6 vs 31.8 
(HR 0.8, P 0.046) 

NEJ 009 25 345 

Gefitinib versus 
Gefitinib + 

pemetrexed + 
carboplatin 

67 vs 84 
11.9 vs 20.9 
(HR 0.49, 
P<.001) 

38.8 VS 50.9 
(HR 0.722) 

TMH study26 350 

Gefitinib versus 
Gefitinib + 

Pemetrexed + 
Carboplatin 

63 vs 75 8.0 vs 16.0 
(HR 0.51) 

17.0 vs not reached 
(HR 0.45) 

NEJ 02627 228 
Erlotinib versus 

Erlotinib + 
Bevacizumab 

66 vs 72 
13·3 vs 16·9 
(HR0·605, P 

0·016) 

46.2 vs 50.7 
(HR 1.0) 
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Study N Treatment ORR 
(%) 

Median PFS 
(Months) 

Median OS 
(Months) 

RELAY28  
Erlotinib versus 

Erlotinib + 
Ramucirumab 

75 vs 76 12.4 vs 19.4 
(HR 0.59) Not reported 

Mechanisms of Resistance to EGFR TKIs 

 In patients progressing on first or second generation TKIs, a repeat biopsy (tissue/liquid) is preferred to 
identify mechanisms of resistance. The most common acquired secondary mutations seen in lung cancer are 
exon 20 T790M mutation (50-60%) in patients treated with prior 1st or 2nd generation TKIs. Other resistance 
mechanisms include reactivation of the PI3K/Akt pathway, MET gene amplification, small cell 
transformation. In patients treated with Osimertinib, resistance mechanisms include the development of 
acquired mutations such as C797S,L792,KRAS with or loss   of T790M mutation.31 

Second line treatment of EGFR mutated NSCLC 

Osimertinib is the preferred drug in patients with an acquired T790M EGFR mutation. The AURA trial 
demonstrated an improved progression free survival with second line Osimertinib when compared to 
pemetrexed -platinum doublet (10.1 months vs 4.4 months, hazard ratio 0.30, p<0.001). Osimertinib also 
showed an improved intracranial response rate among those with measurable disease and a longer CNS PFS 
(8.5 months vs 4.2 months, hazard ratio 0.32, 95% CI,0.21 to 0.49).32  

 

TABLE 3: TOXICITIES WITH EGFR TKI THERAPY AND EGFR TKI COMBINATIONS WITH 
CHEMOTHERAPY/ANTI VEGF AGENTS15-28 

 
1ST Generation 

TKI Osimertinib 
TKI 

+ Chemotherapy 
TKI+ 

Bevacizumab 

TOXICITY 
All 

grades 
(%) 

≥ 
Grade 3 

(%) 

All 
grades 

(%) 

≥ 
Grade 
3 (%) 

All 
grades 

(%) 

≥ 
Grade 
3 (%) 

All 
grades 

(%) 

≥ 
Grade 
3 (%) 

Skin rash 

G: 57-
80.7 

E: 73-
87 

G: 2-5 
E: 2-
21 

58 1 

NEJ09
: 64.7 
TMH: 

70 

4 
5 

88 21 

Neutropenia 
G: 2-7 
E :2-6 

G: 0-
3.7 

E: 0-1 
- <1 

NEJ09
: 59.4 
TMH: 

55 

31.2 
16 1 1 
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1ST Generation 

TKI 
Osimertinib 

TKI 
+ Chemotherapy 

TKI+ 
Bevacizumab 

Transaminitis 
G: 49-

61 
E:6-30 

G:3-
26.3 
E:2-5 

AST: 9 
ALT: 

6 

AST: 3 
ALT: 
2.5 

NEJ09
: 60.6 
TMH: 

67 

12.4 
5 

27 8 

Diarrhoea 

G: 27-
47 

E: 25-
57 

G:1-9 
E:1-5 58 2 

NEJ09
: 35.3 
TMH: 

56 

4 
5 47 5 

Hypertension NR NR NR 0 NR NR 46 23 

Proteinuria - - - 0 
NEJ09
: 1.8 

0 32 7 

Fatigue 

G: 
11.7-

54 
E: 5,57 

G:0-3 
E:6,0 

14 1 

NEJ09
: 39.4 
TMH: 

83 

4 
5 

- - 

Pneumonitis/
ILD 

G:2-
5.2 

E:0-4 

G:0-
2.6 

E:0-1 
4 1 

NEJ09
: 6.5 

TMH: 
2 

2.4 
1 

0 0 

QTc 
prolongation 4 1 10 2 NR NR NR NR 

G-Gefitinib, E-Erlotinib, AST-aspartate transaminase, ALT- alanine transaminase, NR-not reported 

Role of TKI in the Adjuvant Setting   

Osimertinib has shown improved DFS in the adjuvant setting for Stage IB to IIIA as seen in ADAURA 
trial.33 The TKI may be administered until unacceptable toxicity up to 3 years. Improvement in DFS has also 
been observed with gefitinib & erlotinib, however no OS benefit was observed with these molecules in 
adjuvant setting. 
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TABLE4: Trials for EGFR TKI in Adjuvant Setting 

TKI mDFS OS 

Osimertinib versus 
Placebo/platinum doublet 

89% vs 52%, HR 0.20 (95%CI 0.14-0.3) 
(2yr DFS) 

Immature 

Gefitinib versus Platinum 
doublet 

28.7 months vs 18months, HR 0.60 
(95% CI 0.42-0.87, p=.0054) 

No benefit 

Erlotinib versus Placebo 46 months vs 29 months HR 0.61 
(95% CI 0.38-0.98) 

No benefit 

 

Conclusion: 

 All patients with adenocarcinoma/ mixed histology NSCLC should be tested for driver mutations. EGFR 
TKIs (alone or in combination) should be used for the first line treatment of NSCLC with an EGFR 
sensitizing mutation. 
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Management of NSCLC patients with ALK Fusion 
Dr. Akhil Kapoor 

 
Fusion genes involving ALK and a number of partners (most commonly EML4) account for around 2%–5% 
of the same population that is routinely tested for EGFR mutations.1 Break-apart fluorescent in situ 
hybridisation (FISH) was established as the gold standard test to identify ALK gene rearrangement but the 
close association between a positive FISH test and modestly elevated ALK protein in tumour cells allows 
ALK immunohistochemistry (IHC) to be used routinely for testing. Infact, in the present algorithm for ALK 
testing, IHC with Ventana D5F3 antibody is used as the first test, in cases of 1+ or 2+ scoring, FISH is used 
as a confirmatory test. Strong granular cytoplasmic staining in any percentage of positive tumor cells is 
regarded as 3+ and is a candidate for ALK inhibitor. It should be noted that signet ring cells or tumor cells 
with cytoplasmic mucin may be a source of false negative results due to the limited expression in thin and 
scanty cytoplasm. ALK mutations are emerging as important resistance mechanisms to ALK TKIs and ALK 
mutation testing may soon become a routine test at relapse as newer-generation ALK TKIs show differential 
efficacy against different ALK mutations. 

The antitumor activity of crizotinib was initially demonstrated in two multicentre single-arm studies, with 
significant ORR and PFS advantages, as well as a survival advantage, compared with other treatment options. 
The phase III study, PROFILE 1014, compared crizotinib with platinum–pemetrexed (without maintenance 
pemetrexed) as first-line treatment in ALK-rearranged advanced NSCLC. It demonstrated a significantly 
longer PFS (mPFS 10.9 versus 7.0 months; HR 0.45; 95% CI 0.35–0.60; P<0.001) and higher ORR with 
crizotinib compared with Chemotherapy (ChT).2 Ceritinib and alectinib are second-generation ALK 
inhibitors that have shown robust antitumor efficacy, along with intracranial activity, in patients with ALK-
rearranged NSCLC. The ASCEND-4 trial compared ceritinib (750 mg/day) with platinum-based ChT 
(cisplatin or carboplatin plus pemetrexed followed by maintenance pemetrexed) in untreated advanced ALK-
rearranged non-squamous NSCLC.3 Overall, ceritinib improved ORR over ChT: 72.5% (95% CI 65.5–78.7) 
compared with 26% (95% CI 20.5–33.7). mPFS was 16.6 months (95% CI 12.6–27.2) with ceritinib versus 
8.1 months (95% CI 5.8–11.1) with ChT (HR 0.55, 95% CI 0.42–0.73, P<0.01). At baseline, 59 patients in 
the ceritinib arm and 62 patients in the ChT arm had CNS metastasis. Among them, the intracranial ORR by 
RECIST was 72.7% (95% CI 49.8–89.3) with ceritinib versus 27.3% (95% CI 10.7–50.2) with ChT. In 
patients without baseline brain CNS metastasis, the mPFS with ceritinib was 26.3 months (95% CI 15.4–
27.7), versus 8.3 months (95% CI 6.0–13.7) in the ChT arm. The most common AEs (all grades) in the 
ceritinib group were diarrhoea (85%), nausea (69%), vomiting (66%) and an increase in alanine 
aminotransferase (ALT, 60%). Considering the safety profile of ceritinib, the influence of food on its oral 
bioavailability and the fact that food may improve gastrointestinal tolerability, a trial was conducted with a 
lower dose of ceritinib taken with a low-fat meal (ASCEND-8)4. A 450 mg dose of ceritinib taken once daily 
with food provides similar systemic exposure as the currently approved daily dose of 750 mg in a fasted 
state, and preliminary safety results demonstrated a reduction of the gastrointestinal toxicities when 
compared with the 750 mg fasted dose. A global trial in ALK rearranged treatment-naïve patients was 
conducted (ALEX trial). Patients were randomised to receive either alectinib (600 mg b.i.d.) or crizotinib 
(250 mg b.i.d.)5. The investigator-assessed mPFS with alectinib was 34.8 (95% CI 17.7– NR), compared 
with 10.9 months (95% CI 9.1–12.9) with crizotinib. PFS assessed by the independent review committee 
was also significantly longer with alectinib than with crizotinib (mPFS 25.7 months; 95% CI 19.9–NE versus 
10.4 months; 95% CI 7.7–14.6, respectively). In patients with baseline CNS metastases, mPFS was 27.7 
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months for alectinib versus 7.4 months for crizotinib. The time to CNS progression was significantly longer 
with alectinib than with crizotinib (cause-specific HR 0.16, 95% CI 0.10–0.28, P<0.001). The updated ALEX 
study results revealed a 5-year survival rate of 62.5% (95% CI 54.3–70.8) in the alectinib treatment group, 
versus 45.5% (95% CI 33.6–57.4). The investigator-assessed mPFS with alectinib was 34.8 (95% CI 17.7– 
NR), compared with 10.9 months (95% CI 9.1–12.9) with crizotinib. PFS assessed by the independent review 
committee was also significantly longer with alectinib than with crizotinib (mPFS 25.7 months; 95% CI 
19.9–NE versus 10.4 months; 95% CI 7.7–14.6, respectively). In patients with baseline CNS metastases, 
mPFS was 27.7 months for alectinib versus 7.4 months for crizotinib. The time to CNS progression was 
significantly longer with alectinib than with crizotinib (cause-specific HR 0.16, 95% CI 0.10–0.28, P<0.001). 
The time to CNS progression was significantly longer with alectinib than with crizotinib (cause-specific HR 
0.16, 95% CI 0.10–0.28, P<0.001). The updated ALEX study results revealed a 5-year survival rate of 62.5% 
(95% CI 54.3–70.8) in the alectinib treatment group, versus 45.5% (95% CI 33.6–57.4). In patients with 
CNS involvement, front-line use of ALK TKIs is effective, and alectinib is recommended, while interim 
analysis of ALTA-1L brigatinib data establishes this drug in this setting too. In recently published CROWN 
trial, the percentage of patients who were alive without disease progression at 12 months was 78% (95% 
confidence interval [CI], 70 to 84) in the lorlatinib group and 39% (95% CI, 30 to 48) in the crizotinib group 
(hazard ratio for disease progression or death, 0.28; 95% CI, 0.19 to 0.41; P<0.001).6 

 

Beyond First Line 

Ceritinib (ASCEND-5) and alectinib (ALUR) were compared with ChT in patients with ALK-positive 
NSCLC previously treated with crizotinib and ChT7. Both trials showed a significant improvement in mPFS 
compared with ChT (5.4 months, 95% CI 4.1–6.9 for ceritinib versus 1.6 months, 95% CI 1.4–2.8 for ChT; 
HR 0.49, 95% CI 0.36– 0.6, P<0.001). CNS ORR was 54.2% and 35% with alectinib or ceritinib, 
respectively, versus 0% or 5% with ChT in the ALUR and ASCEND-5 trials, respectively. A phase II study 
at the recommended dose (100 mg once a day) demonstrated an objective response in 72.9% of patients who 
had only received previous crizotinib, 42.9% of patients with one previous non-crizotinib ALK tyrosine 
kinase inhibitor, and 39.6% of patients with two or more previous ALK tyrosine kinase inhibitors. Of interest, 
in patients previously treated with one or more second-generation ALK TKIs, a high proportion of patients 
harbouring an ALK secondary mutation responded to treatment with lorlatinib, while those without 
detectable ALK mutations were still presenting a clinically meaningful benefit (69% versus 27%). Figure 1 
shows the recommended algorithm for choosing the TKI beyond first line therapy.8 
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Figure 1: Algorithm for choosing the ALK TKI beyond first line therapy. 
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Management of NSCLC patients with ROS1 Fusion 
Dr. Akhil Kapoor 

 

ROS1 fusion is an oncogenic driver that occurs in ~1%–4% of adenocarcinomas of the lung.1 Like ALK, ROS1 
has several potential fusion gene partners. FISH has been the standard approach to detecting ROS1 
rearrangements. IHC may be used to identify candidate tumours for confirmatory FISH testing. The sensitivity 
of this approach is high, using currently available IHC, but specificity of IHC is low. Next-generation 
sequencing (NGS) of tumour-derived RNA is emerging as an alternative molecular test for screening or 
confirming the presence of fusion genes. 

Evidence for the use of crizotinib ROS1-rearranged NSCLC came from the phase I PROFILE 1001 study, which 
was amended to include patients with ROS1-rearranged NSCLC in the expansion cohort (216). In the ROS1-
rearranged NSCLC cohort (50 patients), the ORR was 72%, with a disease control rate of 90% and an mPFS of 
19.2 months.2 

A prospective French phase II study3 and the retrospective EUROS14 study of crizotinib for ROS1-rearranged 
NSCLC, mPFS was 10 and 9.1 months and ORR was 72% and 80%, respectively. However, both these studies 
enrolled approximately 30 patients3,4. In another phase II study of crizotinib from East Asia, the mPFS among 
127 patients with ROS1-rearranged lung cancer was 13.4 months5. These studies included patients who had 
received varying numbers of prior lines of systemic therapy, although for all of these patients, crizotinib 
remained the first ROS1-directed TKI. 

Ceritinib is a potent selective ALK inhibitor which also has activity against ROS-1. In a phase II study from 
Korea, 32 patients with ROS1-rearranged advanced NSCLC were treated with ceritinib, 750 mg daily6. Among 
crizotinib-naive patients, the ORR was 67%, with a disease control rate of 87%. The mPFS was 9.3 months for 
the entire cohort and reached 19.3 months for crizotinib-naive patients. Of note, in those two patients who had 
received prior crizotinib, no clinical response was observed. 

Lorlatinib is a potent, brain-penetrant, third-generation TKI that targets ALK and ROS1 with preclinical activity 
against most known resistance mutations in ROS1. In an open-label, single-arm, phase I–II trial, 69 patients 
with ROS1-positive NSCLC were enrolled. 14 (35%; 21–52) of 40 patients previously treated with crizotinib, 
as their only TKI had an objective response.7 Intracranial responses were achieved in seven (64%; 95% CI 31–
89) of 11 TKI-naive patients and 12 (50%; 29–71) of 24 previous crizotinib-only patients. 

An integrated analysis of three ongoing phase I and II trials of entrectinib (ALKA-372-001, STARTRK-1 and 
STARTRK-2), showed 41 (77%; 95% CI 64–88) of 53 patients with a ROS1-rearranged NSCLC in the efficacy 
evaluable population had an objective response8. Median duration of response was 24.6 months (95% CI 11.4– 
34.8). Repotrectinib is a next-generation ROS1/TRK/ALK TKI with higher potency versus crizotinib against 
ROS1. Preclinical studies demonstrate robust activity against all known ROS1 resistance mutations, including 
the most common solvent-front mutations ROS1 G2032R. In the phase I (TRIDENT-1 study), 11 evaluable 
TKI-naive ROS1- rearranged NSCLC patients, confirmed ORR by blinded central review was 91% (95% CI 
59–100).9 
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FGFR and IDH Inhibitors in Biliary Tract Cancers 
Dr. Abhinav Zawar 

 

Biliary tract cancers (BTC) are divided into cholangiocarcinoma (CCA) and gallbladder cancers, while CCA 
is further classified into Intrahepatic cholangiocarcinoma (IH-CCA), and extrahepatic cholangiocarcinoma 
(EH-CCA). The incidence of BTC is increasing globally, mainly due to an increase in IH-CCA1; while for 
other subtypes incidence remains stable2,3. Unfortunately, the prognosis of BTC remains poor with 5-year 
survival ranging from 5-15% (all stages)4-6. Various risk factors associated with BTC are obesity, diabetes, 
chronic inflammation from primary sclerosing cholangitis7, chronic cholecystitis, liver parasite opisthorchis 
viverrini8, clonorchiasis Sinensis9, chronic viral hepatitis B or C, anatomical abnormalities in biliary tract 
such as choledochal cysts, Lynch syndrome10,11. 

After the result of the seminal ABC-02 trial, the combination of cisplatin with gemcitabine became the new 
standard of care over gemcitabine alone in the first-line setting of treatment of advanced CCA and GBC12. 
Recently, the ABC-06 demonstrated a modest survival benefit with the combination of oxaliplatin/5-
fluorouracil (mFOLFOX) after progression on Gemcitabine cisplatin and is now the second-line treatment 
option13. Based on the phase II GB SELECT study, single-agent irinotecan can also be considered post-
progression on gemcitabine-based therapy14. However, there is a dire need for effective treatment for 
advanced diseases. The role of immunotherapy is limited in BTC to patients with mismatch repair and 
microsatellite instability to date15,16, while the incidence of microsatellite instability is limited to < 5% of all 
patients4. Molecular typing of BTC has revealed potentially targetable molecular aberrations, thus targeted 
therapies are being evaluated in the treatment-refractory settings front line setting as well. 

Molecular and Genomic characteristics 

The molecular pathogenesis of BTC involves alterations in pathways (FGFR-2, BRAF, HER-2), epigenetic 
modification (IDH1/2), and DNA damage repair (BRAF, TP5-3)17,18.  The anatomic location and specific 
risk factors greatly influence the molecular profile of BTC. The main targetable aberrations clustered within 
IH-CCA are IDH and FGFR, while HER-2 aberrations are most frequently seen in GBC and EH-CCA. 
Mutations in TP 53, KRAS, and the MAP/ERK pathway mutations are associated with poor prognosis, while 
FGFR fusions have been associated with favorable prognosis19,20.  

Fibroblast growth factor receptor (FGFR) 

The fibroblast growth factor receptor pathway is involved in embryonal development to angiogenesis and 
wound repair. FGFRs are a family of 4 transmembrane receptors with intracellular tyrosine kinase domains 
(FGFR 1-4). Dysregulated FGFR signaling is associated with tumor proliferation, migration, and 
angiogenesis (21) (Figure 1). The most common FGFR aberrations are fusion involving FGFR2 seen at a 
frequency of 10-16% in IH-CCA and rarely seen in EH-CCA or GBC (22–24). BICC1 is one of the most 
common fusion partners and fusions are more relevant than mutations when it comes to treatment24-26. 
Incidence is more in females. FGFR-2 fusion-positive tumors present with concomitant BAP1 mutations 28 
and are associated with indolent disease and better prognosis19,25. Other common cancers associated with 
FGFR alterations are urothelial carcinoma, breast, ovarian, endometrium, and gliomas. 
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The use of FGFR inhibitors has demonstrated efficacy in FGFR altered advanced refractory 
cholangiocarcinoma in various phase I and II studies. Infigratinib an oral selective pan FGFR kinase inhibitor 
showed an overall response rate (ORR) of 31% and a median progression-free survival (mPFS) of 6.8 months 
in a phase II study29. Adverse events included hyperphosphatemia, nail changes with onycholysis, fatigue, 
dysgeusia, dry eye conjunctivitis, myalgias, stomatitis, and alopecia. Similarly, derazantinib, an oral non-
selective pan FGFR inhibitor demonstrated ORR of 21% and mPFS of 5.7 months in only FGFR fusions30. 
Pemigatinib, an FGFR selective inhibitor of FGFR 1-3, demonstrated an ORR of 35.5 %, and an mPFS of 
6.9 months, and an OS of 21.1 months31. None of the FGFR inhibitors had any objective response in FGFR 
mutated or amplified. The adverse effect profiles were similar in all drugs. Additional studies with futibatinib 
(TAS120)32 and erdafitinib33 are ongoing. A limitation of the ATP-competitive FGFR inhibitors is the 
development of resistance via mutations in the FGFR kinase domain. The irreversible pan-FGFR inhibitor 
TAS120 has been shown to overcome the resistance.  

 

 

 

 

 

 

 

 

 

Figure 1. FGFR pathway 

Isocitrate dehydrogenase IDH 1/2 

Isocitrate dehydrogenase 1 and 2 are enzymes located in the cytoplasm and mitochondria, respectively. They 
are involved in the cell metabolism and transform decarboxylation of isocitrate to α-ketoglutarate, resulting 
in a reduction of NADP+ to NADPH. In the presence of mutant IDH1 and 2, there is a pathogenic 
accumulation of the oncometabolite 2-hydroxyglutarate (HG) which can activate the cancer-related process 
by aberrant histone methylation and epigenetic changes22,34,35 (Figure 2). IDH1/2 occurs in 10-20% of IH-
CCA without significant frequency in EH-CCA or gall bladder cancer22,36–38. 

An oral, targeted mutant IDH1 inhibitor is Ivosidenib (AG-120). The ClarIDHy phase III evaluated the role 
of ivosidenib in patients with IDH1- mutant CCA following progression on prior chemotherapy39. The PFS 
rate at 6 and 12 months was superior and clinically relevant (32% and 21.9% in the ivosidenib arm at 6 and 
12 months, respectively; 0% at both 6 and 12 months in the placebo arm). The median OS in the ivosidenib 
arm was 10.8 months and 6 month in the placebo arm, when adjusted for cross over. Based on these findings, 
ivosidenib is likely to become a new standard of care for IDH1 mutant CCA that is refractory to 
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NADP+ 

chemotherapy. The most common toxicities include fatigue, nausea, diarrhea, abdominal pain, anorexia and 
vomiting. 

 

 

 

 

 

 

 

 

 

Figure 2. IDH involvement in metabolism of cell 

Other targets in CCA and GBC 

HER Receptor Family  

Approximately 5-15% of BTC tumors are HER-2 positive by IHC and/or FISH, and more commonly 
expressed in gall bladder cancers and EH-CCA. Although HER represents the most frequent targetable 
aberrations for EH-CCA and GBC, it still requires work to be ready for prime time use in clinical practice. 

RNF43 (a RING domain E3 ubiquitin ligase) 

RNF43 mutations may predict sensitivity to porcupine inhibitors (40) and is described in <5% of patients 
with biliary tract cancers (22). 

BRAF/MEK 

BRAF mutations described in <5% of patients with biliary tract cancers (36). For patients harboring BRAF 
V600E mutations, strategies involving dual inhibition of both BRAF (dabrafenib) and MEK (trametinib) are 
being tested. 
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Targeting the RAS Gene Family in Cancer 
Dr. Anoop Mantri, Dr. Sujay Srinivas 

RAS Gene Family and Mutations 

RAS gene family consists of 3 small G proteins viz KRAS, NRAS, and HRAS. They play a central role in 
cell signaling by mediating downstream signal transduction from tyrosine kinase cell membrane receptors to 
a variety of effector molecules. The three main effector downstream pathways for RAS are the 
RAF/MEK/MAPK, PIK3/AKT and Ral-GEF pathway.1 RAS along with its effector molecules acts as a key 
regulator in several cellular functions including cell proliferation, differentiation, apoptosis, and senescence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

It is one of the most frequently mutated gene family in cancers (present in around 25% of human cancers) & 
are genetic drivers in numerous cancer types including colorectal cancer, pancreatic ductal adenocarcinoma, 
lung adenocarcinoma, melanoma and certain hematological cancers. The RAS mutations in these tumor 
types vary with respect to isoform (KRAS, NRAS, or HRAS), codon location and frequency of RAS 
mutations. For example, KRAS mutations, predominantly occurring at codon 12 is found in majority of lung 
adenocarcinomas (32%), pancreatic cancers (86%) and colon cancers (41%).2-4 While mutations in NRAS at 
codon 61 is the main driver mutation in melanomas (29%).5 HRAS mutations occur less frequently than 
mutations in KRAS or NRAS. 

BRAF Mutations 

Out of the three different RAF proteins BRAF is the predominant RAF kinase mutated in several cancer 
types. It occurs approximately in 60% of melanomas, 60% of thyroid cancers, 15% of colorectal cancers, 
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and 5–8% of non-small cell lung cancers (NSCLCs).6 It acts as a key driver gene in these cancers and has 
been the focus of development of anticancer drugs in the form of small molecule inhibitors that specifically 
inactivate BRAF. Not just mutations, BRAF gene fusions can also activate BRAF in melanomas and other 
cancers.7 

MEK Mutations 

In contrast to RAS and RAF mutations, MEK mutations are much less common in cancer genomes. These 
mutations do not co-occur with RAS or RAF mutations. MEK mutations can be of two types leading to its 
constitutive kinase activity; one by disrupting the inhibitory intramolecular interaction while the second by 
enhancing MEK homodimerization. These two types of MEK mutants exhibit differential sensitivities to 
MEK inhibitors. 

 
MUTATION DIRECTED THERAPY 

A) RAS inhibitors 

With the recent FDA grant of breakthrough therapy designation to Sotorasib (AMG 510), an allele-specific 
covalent inhibitor for NSCLC with KRAS G12C mutation, the first KRAS inhibitors have reached the clinic. 
This was based on the positive results, reported by Amgen, from the open-label, multicenter, phase 1/2 
CodeBreaK 100 clinical study.  This trial enrolled 129 patients with KRAS G12C-–mutant solid tumors (59 
with NSCLC, 42 with colorectal cancer, and 28 with other tumors) who had progressed after at least one 
previous line of systemic treatment.8 Sotorasib showed encouraging anticancer activity with acceptable 
tolerance. In the subgroup with NSCLC, 32.2% (19 patients) had a confirmed objective response (complete 
or partial response) and 88.1% (52 patients) had disease control (objective response or stable disease); the 
median progression-free survival was 6.3 months.8 

The results from the phase II part of the study was recently presented at the International Association for the 
Study of Lung Cancer (IASLC) World Conference on Lung Cancer.9 A total of 126 patients with NSCLC 
were enrolled. An independent blinded central review of the patients found that 124 patients had at least one 
measurable lesion at baseline and were evaluated for efficacy.9 After a median follow up period of 12.2 
months 46 of these patients experienced a confirmed response (three complete responses and 43 partial 
responses), resulting in an objective response rate of 37.1% (95% Cl: 28.6-46.2). The median time to 
objective response was 1.4 months, the median duration of response was 10 months (95% CI: 6.9-11.1), and 
43% of responders remained on treatment without progression. The disease control rate was 80.6% (95% Cl: 
72.6-87.2).10 Median progression-free survival was 6.8 months (95% Cl: 5.1-8.2). Treatment-related adverse 
events (TRAEs) of any grade occurred in 88 (69.8%) patients and led to discontinuation in nine (7.1%) 
patients. Grade 3 TRAEs were reported in 25 (19.8%) patients. There were no treatment-related deaths. 

The phase 2 trial in colorectal cancer (CRC) is also fully enrolled and topline results are expected in 2021. 
A global phase 3 randomized active-controlled CodeBreaK 200 study comparing sotorasib to docetaxel in 
patients with KRAS G12C-mutated NSCLC is currently recruiting.This successful inhibition of KRAS-
G12C, has provided hope that a range of mutant RAS allele-specific targeted therapies could become 
therapeutically tractable 
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     B-RAF inhibitors  

Vemurafenib, Dabrafenib, and Encorafenib are the three BRAF inhibitors which act as serine-threonine 
kinase in mutant BRAF. Vemurafenib and Dabrafenib are first generation inhibitors while Encorafenib is a 
second generation inhibitor. These agents are used for the treatment of BRAF(V600E)-harboring cancers as 
single agents or together with MEK inhibitors. 

Vemurafenib when used as a single agent has been shown to prolong both progression-free survival (PFS) 
and overall survival (OS) in melanoma patients whose tumors contain a V600 mutation. Final OS results of 
phase III BRIM-3 trial enrolling 675 treatment naive metastatic melanoma patients showed that the median 
OS was significantly prolonged with vemurafenib when compared with dacarbazine (13.6 versus 9.7 months, 
hazard ratio [HR] 0.81, 95% CI 0.67-0.98). PFS was also significantly prolonged (6.9 versus 1.6 months, 
HR 0.38, 95% CI 0.32-0.46).10 Similarly dabrafenib too showed promising activity in advanced melanoma 
patients when compared to dacarbazine. In a phase III trial (BREAK-3), 250 patients with unresectable stage 
III or stage IV BRAF V600-mutated melanoma were randomly assigned to receive either dabrafenib or 
dacarbazine. At a median follow-up of 13 months, dabrafenib improved PFS compared with dacarbazine (5 
year PFS of 12% in the dabrafenib arm; in the dacarbazine arm, all patients progressed/died or were lost to 
follow-up before 4 years), but OS results were similar (5-year OS 24% vs 22%).11 

Although these drugs showed promising efficacy in the initial phases, there were soon reports of expected 
drug resistance to these agents. This resistance are basically by two different ways: (1) upregulation of the 
cellular level of active Ras, leading to paradoxical activation of ERK signalling; and (2) alternative splicing 
of BRAF(V600E) to generate variants with truncated N-terminus, enhancing BRAF(V600E) 
homodimerization and decreases drug affinity.  

To overcome this, second-generation RAF inhibitors & MEK inhibitors namely trametinib, selumetinib and 
cobimetinib have been developed and approved for treating BRAF (V600E) harboring cancers as single 
agents or together with RAF inhibitors. In contrast to RAF inhibitors, MEK inhibitors have no paradoxical 
effect, but they do have a lower therapeutic index as they strongly inhibit this signaling pathway in normal 
cells. 

B) MEK inhibitors 

The use of MEK inhibitors as a single agent has yielded limited success; however when used in combinations 
especially with B-RAF inhibitors they have yielded better results. Cutaneous toxicity is common and 
bothersome with MEK inhibition. The dermatologic side effects reported with trametinib in its phase III trial 
was 87% with 12% being severe and 6% requiring hospitalization.12 Other common side effects included 
diarrhea and edema in 43 and 26 percent of cases, respectively. The combination of an MEK inhibitor with 
a BRAF inhibitor has been useful to minimize the dermatologic toxicity associated with BRAF inhibitors. 
They have also shown to yield a higher response rate and longer survival compared with BRAF inhibition 
alone. 

Trametinib was the first MEK inhibitor to be approved for use in melanoma by FDA as a single agent in 
2013, and then it was approved for use in combination with dabrafenib for treatment of patients with 
unresectable or metastatic melanoma with BRAF V600E or V600K mutations in 2018. This was followed 
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soon after by cobimetinib in combination with vemurafenib and binimetinib in combination with 
encorafenib. These combinations have not been compared with each other in randomized trials. 

The following table shows the results of the important phase III trials with these three combinations in 
advanced melanoma patients. 

Combination 
(Trial) Arms No Endpoints mPFS 

(months) 
mOS 

(months) 

Primary 
endpoint 
achieved 
- Yes/No 

Vemurafenib + 
cobimetinib 
(coBRIM)13 

Vemurafenib 
+ cobimetinib 

vs 
Vemurafenib 

+ placebo 

495 Primary - PFS 
Secondary - OS 

12.3 vs 
7.2 

22.3 vs 
17.4 Yes 

Dabrafenib + 
trametinib 

(COMBI-d)14 

Dabrafenib + 
trametinib 

vs 
Dabrafenib + 

placebo 

423 Primary - PFS 
Secondary - OS 

11.0 vs 
8.8 

25.1 vs 
18.7 Yes 

Dabrafenib + 
trametinib 

(COMBI-v)15 

Dabrafenib + 
trametinib 

vs 
Vemurafenib 

704 Primary - OS 
Secondary - PFS 

11.4 vs 
7.3 

1 year OS 
rates - 72 
% vs 65% 

Yes 

Encorafenib + 
binimetinib 

(COLUMBUS)16 

Encorafenib + 
binimetinib 

vs 
Vemurafenib 

577 Primary - PFS 
Secondary - OS 

14.9 vs 
7.3 

33.6 vs 
16.9 Yes 
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Targeting NTRK Fusions in Cancer 
Dr. Ramnath Shenoy, Dr. Jyoti Bajpai 

NTRK gene fusions are rare in common solid tumours with frequency less than 1% and occur more 
frequently in some rare adult and pediatric tumours with a frequency of up to 100% in infantile fibrosarcoma 
and secretory breast cancer 1. The prevalence of NTRK fusion in given in table 1.1,2 

The neurotrophic tyrosine kinase receptors (NTRK), TRKA, TRKB and TRKC function as receptors for 
neurotrophins and regulate various aspects of neuronal development and function 3. These receptors are 
encoded by the NTRK1, NTRK2 and NTRK3 genes, and oncogenic fusions may occur in any of the three 
NTRK genes, located on the human chromosomes 1q23.1, 9q21.33 and 15q25.3, respectively. The fusion 
transcripts encode a constitutive active tyrosine kinase domain, comprising the N-terminus of the fusion 
partner joined to the C-terminus of the TRK protein4. 

TKIs which target TRK are novel therapeutic approaches for the treatment of patients with tumors harboring 
NTRK gene fusions. Currently two drugs Larotrectinib and Entrectinib has been FDA approved in metastatic 
solid tumors harboring NTRK fusion. These drugs have the ability to penetrate the blood–brain barrier and 
have shown good responses in brain tumors and in CNS metastatic disease.5,6 

Table 1 :  Prevalence of NTRK fusion positive cancers2 

Tumour types Prevalence (%) 

Cholangiocarcinoma 1/28 (4) 

Colorectal cancer 13/346 (4) 

Melanoma 1/374 (0.3) 

Glioblastoma 3/115 (3) 

Head and neck cancer 2/411 (0.5) 

Infantile fibrosarcoma(IFS) 2/4 (50) 

Low grade glioma 2/461 (0.4) 

Lung adenocarcinoma 3/91 (3.3) 

Papillary thyroid carcinoma 4/33 (12) 

Paediatric high grade glioma 28/127 (22) 

Secretory breast cancer 12/13 (92) 

Spitzoid melanoma 23/140 (16) 
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NTRK Fusion Testing  

Several approaches are used to identify gene fusion including immunohistochemistry (IHC), fluorescence in 
situ hybridisation (FISH), reverse-transcriptase PCR (RT-PCR) and both DNA-based and RNA-based next-
generation sequencing (NGS). FISH or RT-PCR may be used when specific well-known fusions are 
suspected. There are more than 30 different fusions identified with three NTRK genes and multiple 5′ NTRK 
gene fusion partners. Consequently, using FISH probes for each NTRK gene would require three separate 
FISH assays per patient sample. IHC has been proven highly sensitive and specific for the detection of 
NTRK fusions and pan-TRK IHC could be a valuable tool to identify NTRK expression 7.The advantages 
are the high sensitivity and specificity, the low cost and the fast turnaround time. However, the test is 
associated with false positive results as it detects only transcribed and translated fusion proteins. DNA-based 
NGS is able to detect NTRK fusions; however, fusions involving NTRK2 and NTRK3 with large introns 
can be missed. Due to the chimeric nature of the fusion transcripts, RNA sequencing is the optimal method 
for the de novo detection of transcribed fusion genes, either as whole transcriptome RNA sequencing or 
targeted RNA sequencing 8 

Different diagnostic approaches are being employed for rare tumors with a high incidence of NTRK gene 
fusion and for more common tumors with low incidence of these fusions. In rare cancers, NTRK fusion can 
be pathognomonic and be confirmed by FISH, whereas screening strategies can be used for common cancers. 

The European society of medical oncology (ESMO) working group has published a proposal using IHC to 
screen when NGS is not readily available, with RNA-based RNA as a reference for confirmation (figure 1)8. 
More systematic approach has been described in (figure 2)13. 

Figure 1: Approach to diagnostic testing 
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Figure 2: Systematic approach to testing 

 

IFS-Infantile fibrosarcoma, SBS-secretory breast cancer, FISH-fluoroscent insitu hybridization, NGS-
next generation sequencing, IHC -immunohistochemistry 

 

NTRK Fusion Inhibitors 
1. Larotrectinib is a selective orally administered inhibitor of TRKA, TRKB and TRKC 

 Dose: 

● Adult and Pediatric Patients with Body Surface Area of at Least 1.0 m2:100mg PO BD, 
● Pediatric Patients with Body Surface Area Less <1.0 m2: VITRAKVI is 100 mg/m2 PO BD 
● To be taken daily, with or without food, until disease progression or until unacceptable toxicity. 

 

Side Effects: fatigue, cough, transaminitis, constipation, nausea and dizziness. 

2. Entrectinib- orally administered small molecule inhibitor of TRKA, TRKB, TRKC; also has inhibitory 
action on ROS1, ALK, JAK2 and ACK1 kinases. In addition to its FDA approval in adult and paediatric 
solid tumours harboring NTRK fusion, it has also got approval in metastatic non small cell lung cancer 
(NSCLC) with ROS-1 positivity. 

Dose: Adult-600mg PO OD 

 Children: 

● BSA > 1.50 m2—600 mg OD. 
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● BSA -1.11 to 1.50 m2—500 mg OD. 
● BSA- 0.91 to 1.10 m2—400 mg OD 
Side Effects: skin rash, fatigue, constipation, dysgeusia, edema, dizziness, diarrhea, nausea, dysesthesia, 
dyspnea, cognitive impairment, QT prolongation, visual impairment, hepatotoxicity. 

 

Table 2: Trials for NTRK fusion inhibitors 

 Drugs Trials: Results 

1. Larotrectinib 
 

An adult phaseI trial, a paediatric phase 
I–II trial (SCOUT),and the adult and 

adolescent phase II basket trial 
(NAVIGATE). 5 

 
A total of 159 patients have been 

evaluable for response. 
 
 

Response rates of >75% have 
been reported independent of 
tumour type, age, NTRK gene 

and fusion partner. 
 

Responses are durable with a 
median DoR of 35.2 months, 
median PFS of 28.2 months 

and a median OS of 44.4 
months 

2. Entrectinib 

Two phase I trials (ALKA-372–001 & 
STARTRK-1) and the ongoing phase II 

basket trial STARTRK-2. Response 
rates by blinded independent review 
was reported from 54 patients with 

NTRK fusions 6 
 

In ROS-1 fusion positive advanced 
NSCLC 9 

Overall response rate (ORR) 
was 63.5% with complete 

remission in 7.4%. The median 
DoR was 12.9 months, median 
PFS was 11.8 months and the 
median OS was 23.9 months 

 
 

ORR-73.4% 
Median DOR- 16.5 months 

  

Resistance: 

Resistance to larotrectinib and entrectinib can occur through the development of NTRK gene mutations, 
which includes amino acid substitutions in the solvent-front, gatekeeper residues of the NTRK genes 
(NTRK1 p. G667C, NTRK3 p. G696A) and x-DFG motif substitutions.10,11 Recently it has been found that 
MAPK pathway alterations including BRAF p. V600E mutation, KRAS p. G12D mutation, and MET 
amplification additionally is associated with resistance to TRK inhibitor therapy.12To overcome these 
mechanisms of resistance, second generation TRK inhibitors such as BAY 2731954 (LOXO-195) and 
Repotrectinib are being developed.12 

 

https://oncologypro.esmo.org/oncology-in-practice/anti-cancer-agents-and-biological-therapy/targeting-ntrk-gene-fusions/overview-of-cancers-with-ntrk-gene-fusion/trk-inhibitors
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Conclusion: 

NTRK fusions, though rare in common cancers, are more common in rare cancers and it's better to 
contemplate testing in patients who don't harbor other targetable mutations. Larotectinib and Entrectinib are 
emerging TKI with durable responses and fewer side effects. 
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Role of CD K 4/6 Inhibitors in Metastatic Breast Cancer 
Dr. Sushmita Rath 

The treatment of patients with estrogen receptor (ER) and/or progesterone receptor (PR) positive and human 
epidermal growth factor receptor 2 (HER-2) negative, metastatic breast cancer (MBC) has undergone an 
evolution in the past few years with the introduction of cyclin dependent kinase 4/6 (CDK 4/6) inhibitors 
palbociclib, ribociclib and abemaciclib. These drugs are currently considered standard treatment in the first-
line and second-line settings in patients with metastatic breast cancer, in combination with an aromatase 
inhibitor (AI) and fulvestrant, respectively. [1-8] 

Some important evidence regarding the use of CD K 4/6 inhibitors in both first- & second-line settings will 
be discussed in this review. 

In the first line setting, one of the important trials was the PALOMA 2 [2] trial which showed a benefit in 
PFS and objective response rates with combination of palbociclib & letrozole over letrozole alone. Regarding 
the safety data of palbociclib in the study, grade 3 and 4 adverse events included mostly neutropenia (66%vs 
1.4%), anemia (5.4% vs. 1.4%) and also fatigue (1.8% vs. 0.5%). The dose reductions were around 36% in 
PALOMA-2 trial.  The evidence for ribociclib comes from the landmark MONALEESA-7 7 trial, which was 
a phase 3 study in 672 patients, both pre and perimenopausal; which showed that first line treatment with 
ribociclib or placebo versus goserelin plus non-steroidal AI or tamoxifen showed both PFS improvement of 
11 months and an improvement in overall survival (70% versus 46%, HR 0.71, 95%CI 0.54-0.95 with grade 
3 or 4 adverse events mostly neutropenia (61% vs. 4%) and leukopenia (14% vs. 1%). 

In the phase 3 MONARCH trial9 the use of abemaciclib and letrozole versus AI monotherapy showed a 
significant improvement in PFS (median not reached vs 14.7 months) and objective response rates of 59% 
vs. 44%. The toxicities specific to abemaciclib were diarrhea (9.5 vs. 1.2%) and neutropenia rates were 21%, 
which was lower as compared to palbociclib and ribociclib. 

The evidence for use of CD-K4/6 inhibitors in second or later lines of treatment comes from the 
MONALEESA -3 and the PALOMA-3 trials. In MONALEESA -3 5 trial, the combination of ribociclib and 
fulvestrant led to an improvement in PFS (21 months vs. 13 months, HR=0.59). This was also accompanied 
by an OS improvement of 57.8% vs. 45.9 % at 42 months. 

It is also important to note that the patients who have better performance status and are less heavily pre-
treated have better outcomes as compared to heavily pre-treated patients with poorer performance status. 
These findings likely reflect the impact of host characteristics and tumor resistance to multiple drugs on the 
outcomes, rather than the effect of initiating CDK 4/6 inhibitor at differing time points in the natural history 
of the disease. 

Similarly, in postmenopausal hormone receptor positive metastatic breast cancer patients with endocrine 
refractory disease in the PALOMA-3 trial, the combination of palbociclib and fulvestrant led to a median 
PFS improvement of 4.6 months to 9.5 months with grade 3 or 4 adverse event being neutropenia in 65% of 
patients. The rates of febrile neutropenia were very low, below 2% which made this combination of drugs a 
good option at second line setting. 
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In conclusion, palbociclib and ribociclib are well tolerated when used in routine clinical practice in the Indian 
patient population and result in good survival outcomes in first or subsequent lines of treatment with 
manageable toxicities. 
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Targeting PI3 Kinase Pathways in Metastatic Breast Cancer 
Dr. Sushmita Rath 

The phosphoinositide 3-kinase/protein kinase B (PI3K/Akt) pathway is more frequently activated by 
genomic aberrations than any other signalling pathway in cancer.1 The most common genetic alterations in 
this pathway are activating mutations of phosphatidylinositol-4, 5-bisphosphate 3-kinase, catalytic subunit, 
alpha (PIK3CA), loss-of-function alterations of the tumor suppressor phosphatase and tensin homolog 
(PTEN), deregulation of receptor tyrosine kinase signaling, and amplification and mutations of receptor 
tyrosine kinases.2 

Large-scale comprehensive genomic analyses have characterized the heterogeneous nature of TNBC, 
including a subgroup with a PI3K/Akt pathway activation signature characterized by PIK3CA or AKT1 
activating mutations and PTEN alterations.3 

Overall, PIK3CA/AKT1/PTEN-altered tumours are frequently observed in breast cancer, and are reported in 
approximately 35% of patients with TNBC and in approximately 50% of HR+/HER-2- breast cancers.  

Based on the scientific rationale that PI3K/Akt blockade attenuates survival signals associated with mitotic 
stress from treatment with microtubule inhibitors and the high prevalence of PI3K/Akt pathway activation 
signatures in TNBC and in HR+/HER-2- tumors (Cancer Genome Atlas Network, 2012), clinical trials 
evaluating the preliminary safety and efficacy of the combination of ipatasertib and paclitaxel in patients 
with breast cancer have been conducted. 

These trials include a Phase Ib study with an expansion cohort of patients with HER-2- breast cancer (Study 
PAM4983g, Arm C)4 and a randomized Phase II study (GO29227, LOTUS) comparing ipatasertib 
+paclitaxel versus placebo + paclitaxel as first-line treatment for patients with inoperable locally advanced 
or metastatic TNBC.5 

Results of the Phase II randomized Study Lotus5 trial demonstrated that adding ipatasertib to paclitaxel as 
first-line therapy for inoperable locally advanced or metastatic TNBC improves PFS in the ITT and in PTEN-
low populations; the PFS improvement was more pronounced in patients with PIK3CA/AKT1/PTEN-altered 
tumors identified with the Foundation One next-generation sequencing (NGS) assay (representing 
approximately 40% of the randomized patients in this setting). 

The use of PIK3CA/AKT1/PTEN alteration status as a predictive biomarker for response to the combination 
of ipatasertib and paclitaxel in metastatic TNBC is further supported by the pronounced PFS improvement 
over the complementary population of patients with PIK3CA/AKT1/PTEN non-altered tumours. 

Isoform specific PI3 kinase inhibitors 

A recent phase 3 large randomized trial, the SOLAR -16 trial, in patients with endocrine-resistant PIK3CA-
mutant hormone receptor (HR)-positive tumours, brought out the data for the approval of alpelisib. Alpelisib 
has a better efficacy and toxicity profile. There was a median PFS improvement of 5.3 months, (HR, 0.65; 
95% CI, 0.50–0.85; P < 0001). 
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Pan - PI3K inhibitors 

The data from 2 landmark randomised clinical trials BELLE-2 & BELLE-3 showed us that the combination 
of buparlisib and fulvestrant in a heavily pre-treated MBC population with mTOR inhibitor and endocrine 
therapy showed a PFS improvement of 2.1 months with PIK3CA mutated cohort having the maximum 
benefit.7 
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SECTION 5: PRECISION IN HEMATO-ONCOLOGY 
 
Precision Oncology in Acute Myeloid Leukemia 

Dr. Lingaraj Nayak 

Acute Myeloid Leukemia (AML) has been traditionally treated with chemotherapy and allogeneic 
hematopoietic stem cell transplantation (Allo HSCT). Even in relapsed AML, salvage chemotherapy 
followed by AlloHSCT has remained the only treatment option for a long time. In the last few years, there 
has been rapid growth in knowledge and research into molecular pathways which has led to development of 
multiple targeted agents. These agents have not replaced the curative options of chemotherapy and 
AlloHSCT, but some have improved survival in addition to curative strategies and while others have 
improved survival in relapsed-refractory disease (1). 

With the use of Next generation sequencing (NGS) becoming popular in AML risk stratification, more AML 
patients are being diagnosed with other underlying mutations. (Table 1) Knowledge and identification of 
these mutations has helped in both better prognostication and management. 

A. Mutations like NPM1 and FLT3 are already incorporated in risk stratification of AML (2). 
B.  Some other mutations are helping in defining subgroups within the established risk groups. Like c-KIT 

mutation, which has shown to be associated with inferior survival in patients with CBF-AML (core 
binding factor mutated AML) (3). 

C. Some of these mutations have been targeted with investigational agents and proven to be of therapeutic 
benefit. 

D. Some of these mutations carry some prognostic relevance, while many others are of unknown 
significance at present. 

Table-1: Various mutations in AML patients 

 No. Mutation Significance Therapeutic option available FDA approved 
for use 

1. FLT3 FLT3-ITD mutation have 
inferior survival 

FLT3 inhibitors- 
Midostaurin 
Gilteritinib 
Sorafenib 
Quizartinib 
Crenolanib 
Ponatinib 
FF-10101 

Midostaurin 
Gilteritinib 
  

2. NPM1 Patients with this mutation 
in the absence of FLT3-
ITD mutation have superior 
survival (stratified as good 
risk AML). This mutation 
may be used in monitoring 
of MRD. 

None - 
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 No. Mutation Significance Therapeutic option available FDA approved 
for use 

3. CEBPA Biallelic CEBPA mutation 
is associated with superior 
survival 

None - 

4. IDH1 and 
IDH2 

Found in nearly 5-15% of 
patients. Can be targeted in 
relapsed refractory 
patients, when no other 
treatment is feasible. 

IDH1 inhibitors- 
Ivosidenib 
FT-2102 
  
IDH2 inhibitors- 
Enasidenib 

Ivosidenib 
Enasidenib 

5. KIT Associated with inferior 
survival in CBF-AML. 
Targeting this mutation 
along with standard 
chemotherapy may be 
effective. 

Dasatinib 
Midostaurin 
Avapritinib 

No 

6. DNMT3A Conflicting reports on 
impact on survival. 

None - 

7. NRAS and 
KRAS 

Found in 10-25% of 
patients. Conflicting data 
on impact on survival. 

MEK inhibitor- Trametinib No 

8. TP53 mutation Associated with inferior 
survival 

P53 reactivating agent- APR-
246 

No 

9. TET2 Conflicting reports on 
impact on survival. 

None - 

10. RUNX1 More common in 
secondary AML. 
Associated with inferior 
survival 

None - 

11. ASXL1 More common in 
secondary AML. 
Associated with inferior 
survival 

None - 

 Specific mutations and their therapeutic significance 

1.     FLT-3 and FLT-3 inhibitors 

FLT3- Mutation in this gene is associated with inferior survival (4). Competitive inhibitors of FLT3 have 
been tested and found to be effective. Midostaurin, quizartinib and gilteritinib are the 3 agents, which 
have shown improvement in overall survival in phase 3 randomized studies. (Table 2) 
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Table-2: Various trials of FLT3 inhibitors 

 S No. Drug Trial name/ 
Phase 

Patient 
characteristics 

Compare
d against 

Outcome FDA 
approved 

1. Midostau
rin 

RATIFY (5) 
Phase 3 

Treatment naïve AML 
patients. Given in 
addition to 
conventional induction 
and consolidation 
chemotherapy +/- Allo 
HSCT. 

Plac
ebo 

Improveme
nt in median 
Overall 
survival 
(OS) from 
25.6 months 
to 74.7 
months 
(p=0.009) 

Yes (2017) 

2. Quizartin
ib 

QuANTUM-R 
/Phase 3(6) 

Relapsed or refractory 
FLT3-ITD mutated 
AML patients 

Investigat
or choice 
salvage 
chemother
apy 

Improveme
nt in median 
OS from 4.7 
to 6.2 
months 
(p=0.0177) 

No 
(approved in 
Japan) 

3. Gilteritin
ib 

ADMIRAL 
trial/ 
Phase 3(7) 

Relapsed or refractory 
FLT3 mutated AML 
patients (Both ITD and 
TKD mutation) 

Investigat
or choice 
salvage 
chemother
apy 

Improveme
nt in median 
OS from 5.6 
to 9.3 
months 
(p=0.007) 

Yes (2018) 

4. Crenolan
ib 

Phase 2 study 
(8) 

Relapsed or refractory 
FLT3 mutated AML 

- ORR 47% 
CRi 12% 

No 

5. Sorafenib SORMAIN 
trial/ 
Phase 2(9) 

FLT3 mutated AML 
patients, Post Allo 
HSCT maintenance for 
2 years 

Placebo Improveme
nt in 2 years 
relapse free 
survival 
from 53.3% 
to 85% (HR 
0.25, 
p=0.002) 

No 

6. Quizartin
ib + 
Azacytidi
ne 

Phase 1 / 2 
study(10) 

Older patients (age 
>60 years) with 
previously untreated 
FLT3-ITD mutated 
AML 

Quizartini
b in 
combinati
on with 
Azacytidin
e or low 
dose 
cytarabine 

Initial 
results have 
shown 
CR+CRi 
rates of 
83%, 
median OS 
18.6 months 

No 
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Phase 3 randomized studies of conventional chemotherapy in combination with midostaurin versus 
gilteritinib (NCT03836209) and with midostaurin versus crenolanib (NCT03258931) are ongoing. 

With the use of these FLT3 inhibitors, now there is further insight into mechanisms of resistance against 
these agents. Upregulation of alternative pathways (RAS-RAF-MEK-ERK pathway or PI3K-AKT-mTOR 
pathway) are two main mechanisms. There are ongoing studies evaluating FLT3 inhibitors with palbociclib 
and another study evaluating combinations of FLT3 inhibitors with venetoclax. (1) 

 
 2.  IDH1 and IDH2 inhibitors 

IDH1 and IDH2 mutations are found in nearly 5% to 15% and 10% to 15% of patients with newly diagnosed 
AML, respectively (11). FDA has approved IDH1 inhibitor Ivosidenib and IDH2 inhibitor Enasidenib for 
relapsed refractory AML patients with these mutations. (Table 3) 

Table-3: Various trials of IDH inhibitors 

 No. Drug Trial 
name/ 
Phase 

Patient 
characteristics 

Compared 
against 

Outcome FDA 
approved 

1. Ivosidenib 
(AG-120) 

Phase 1 
trial (12) 

Relapsed refractory 
IDH1 mutant AML 
patients 

- ORR- 41.6% 
Median OS- 
8.8 months 

Yes 
(2018) 

2 Ivosidenib Phase 1 
study (13) 

Newly diagnosed IDH1 
mutant AML patients, 
unfit for intensive 
therapy 

- 34 patients 
CR rate- 30% 
Median OS- 
12.6 months 

Yes 
(2019) 

3 Ivosidenib + 
Azacytidine 

AGILE/ 
Phase 3 
study 
(in 
combinatio
n with 
Azacytidin
e) (1) 

Treatment naïve AML 
patients with IDH1 
mutation, who are unfit 
for intensive therapy 

Placebo + 
Azacytidine 

Ongoing 
study 

Not 
approved 
in newly 
diagnosed 
setting 

4 Enasidenib Phase 1 / 2 
study (14) 

Relapsed refractory 
IDH2 mutant AML 
patients 

- ORR- 40.3% 
Median OS- 
9.3 months 

Yes 
(2018) 

 5. Enasidenib Phase 1 / 2 
study (15) 

Newly diagnosed IDH2 
mutant AML patients, 
unfit for intensive 
therapy 

- 39 patients 
ORR- 30% 
CR rate- 18% 
Median OS- 
11.3 months 

- 
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 MAP kinase pathway mutations play a role in primary resistance to IDH inhibitors. There are ongoing 
studies which are evaluating IDH inhibitors in combination with chemotherapy and/or hypomethylating 
agents. (1) 

 3.  KIT inhibitors 

KIT mutations are seen in nearly 25% of CBF mutation AML (3). Multikinase inhibitors Dasatinib and 
Midostaurin have activity against c-KIT. In a phase 2 study, Dasatinib was started during induction and 
continued up to 1-year after consolidation maintenance, and resulted in better outcome as compared to 
historical outcomes with chemotherapy alone (16).  In a CALGB group trial, dasatinib (100mg) with standard 
3+7 induction followed by one-year maintenance dasatinib resulted in comparable outcome in KIT mutated 
and wild type c-KIT. (17) 

4.  RAS pathway inhibitors 

MAP kinase pathway mutations are seen in nearly 10-25% of newly diagnosed AML patients. These 
mutations also play an important role in resistance against FLT3 and IDH inhibitors (1). 

MEK 1/ MEK2 inhibitors selumetinib and trametinib have shown modest response rates of 17% to 20% in 
relapsed or refractory RAS-mutated AML (18, 19). 

5.  Eprenetapopt (APR-246) 

Eprenetapopt restores the transcriptional activity of unfolded wild type or mutant p53 and induces apoptosis. 
(20). In a phase Ib/II study in 11 patients with high-risk TP53-mutated MDS or AML (with 20-30% blasts), 
the combination of Eprenetapopt and azacitidine resulted in 82% CR rate (20). Phase 3 study of this 
combination is ongoing in similar patients (1). 

6.  Venetoclax 

Antiapoptotic proteins are frequently overexpressed in AML patients (22). The BCL2 inhibitor (venetoclax) 
has shown promise in combination with hypomethylating agents or cytarabine. Venetoclax is approved by 
FDA for treatment naive AML patients, who are >75 years of age or unfit for intensive therapy (Table 4). 
Studies evaluating venetoclax in combination with other agents are described in table-4. 

 



Technology & Cancer Care 

 

Page 161 of 564 

Table-4: Various trials evaluating Venetoclax alone or in combination 

 No. Drug Trial 
name/ 
Phase 

Patient 
characteristi
cs 

Compared 
against 

Outcome FDA 
approve
d 

1 Venetoclax 
+ 
Azacitidine 
or 
Gemcitabine 

Phase 1b 
study (23) 

Treatment 
naïve AML 
patients > 65 
years age 
(unfit for 
intensive 
therapy) 

- 145 patients 
CR+CRi 
rate- 67% 
Median OS- 
17.5 months 
2 year OS- 
46% 

Yes 
(2018) 

 2 Venetoclax 
+ 
Azacitidine 

VIALE 
A trial/ 
Phase 3 
(24) 

Treatment 
naïve AML 
patients who 
are 
> 75 years 
age and/or 
unfit for 
intensive 
therapy 

Azacitidine + 
Placebo 

Median OS 
14.7 Vs 9.6 
months (HR 
0.66, P 
<0.001) 

 - 

3 Venetoclax 
+ 
Low dose 
Cytarabine 

Phase 1b/ 
II study 
(25) 

Treatment 
naïve AML 
patients > 60 
years age 
(unfit for 
intensive 
therapy) 

- 82 patients 
CR+CRi 
rate- 54% 
Median OS- 
10.1 months 

Yes 
(2018) 

7.  MDM2 inhibitors 

MDM2 inhibitors induce apoptosis by inhibiting the MDM2-p53 interaction thereby preventing P53 
degradation (26). Phase 3 MIRROS trial is ongoing which is evaluating intermediate dose cytarabine with or 
without MDM2 inhibitor Idasanutlin in relapsed AML patients (26). Idasanutlin has also shown synergistic 
and additive activity in combination with Venetoclax in relapsed refractory patients (28). 

8.     Monoclonal antibodies- 

Gemtuzumab ozogamicin is an antibody drug conjugate against CD33, which has been approved by FDA 
for use in the first-line setting in combination with standard induction therapy regimen, as a single agent for 
older patients who are unfit for intensive chemotherapy, or in patients with relapsed/refractory AML. Various 
other CD33 antibody conjugates are under development. Bispecific antibodies targeting CD33 and CD123 
are also being evaluated (1). 

9.  Checkpoint inhibitors- 
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Patients with AML have increased T regulatory cell infiltration and inhibitory co-receptor expression on 
CD8 T cells, compared to healthy controls (29). Thus, there seems to be a rationale for evaluating checkpoint 
inhibitors in AML. Moreover, this pathway could be a potential mechanism for resistance to conventional 
therapies, as there is significant increase in checkpoint proteins after AML directed treatment (1). So, 
checkpoint inhibitors are being evaluated in combinations too along with other agents. (Table-5) 

Table 5: Trials evaluating Checkpoint inhibitors in AML patients 

S. 
No. 

Drug Trial name/ 
Phase 

Patient 
characteristics 

Compared 
against 

Outcome FDA 
approved 

1 Ipilim
umab 

Phase 1 / 1b 
study (29) 

AML patients 
who relapsed 
after Allo 
HSCT 

- 12 patients of 
AML  33% CR 
rate 

- 

2 Nivolumab + 
Azacytidine 

Phase II 
study (30) 

Relapsed 
refractory 
AML 

Showed 
benefit 
compared 
to historical 
controls 

70 patients 
ORR- 30% 
(58% in patients 
with no prior 
HMA exposure) 
Median OS 
10.6 months 

- 

3 Nivolumab + 
Azacytidine 

Phase 3 study 
(1) 

Older patients 
with AML 
treatment naive, 
who are unfit 
for intensive 
therapy 

Azacytidine Ongoing - 

4 Nivolumab Phase 2 study 
(32) 

Nivolumab 
maintenance for 
high risk AML 
patients in 
remission after 
induction and 
consolidation 

- 1 year CR rate- 
71% 
1 year OS- 86% 

- 

5 Nivolumab Randomized 
Phase 2 study 
(1) 

Maintenance 
Nivolumab in 
AML patients in 
remission after 
induction and 
consolidation 

Observation Ongoing - 
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Precision Oncology in Diffuse Large B-Cell Lymphoma 
Dr. Lingaraj Nayak 

Diffuse Large B- cell Lymphoma (DLBCL) is the most common type of B cell NHL. Although R-CHOP 
(Rituximab, Cyclophosphamide, Vincristine, Doxorubicin and prednisolone) cures 55-60 % patients, the 
outcome in the rest are dismal due to primary refractoriness or relapse. Hence upfront therapy determines 
probability of long term cure probability in DLBCL. The R-CHOP regimen has reached a ceiling in 
improving the outcome of DLBCL. About 10% to 20% of patients do not respond to R-CHOP induction 
(i.e., primary refractory), and 30% to 40% relapse after achieving complete remission (CR). Overall, 80% of 
all chemo immunotherapy failures occur early (within 12 to 18 months of diagnosis), and patients then often 
have poor outcomes, even with high-dose therapy followed by autologous stem-cell transplantation. These 
observations have formed the basis of numerous attempts to improve on R-CHOP, which have generally 
been unsuccessful so far. Most of these attempts are based on COO classification of DLBCL which broadly 
divides DLBCL into GCB and ABC types in 80% cases; with remaining cases declared as unclassified. 
Nonetheless, the COO distinction does not fully account for the heterogeneous responses and outcomes 
following either R-CHOP therapy or targeted therapy. This is likely because gene expression profiling 
provides a phenotypic description of cancers rather than a genetic description that encompasses tumour 
pathogenesis more directly. 

Genclass and Lymphgen Algorithms 

Two independent landmark studies published in 2018 by Schmitz et al and Chapuy et al have assessed the 
occurrence of somatic mutations, copy number alterations (CNA) and structural variants (SV) in a large 
cohort of DLBCL patients GenClass algorithm used automated genetic metric model using seeding in and 
out various models to optimise the distinctiveness. This model could classify 46% patients into one of the 
subtypes. These subtypes differed phenotypically and response to chemo immunotherapy. Favourable 
outcome was seen in BN2 and EZB subtypes and inferior outcomes in the MCD and N1 subtypes. This 
model could provide a model for future development of precision oncology in DLBCL. Building on these 
observations, Wright et al. recently developed the ‘LymphGen algorithm’, which calculates the probability 
that a given tumour belongs to one of seven subtypes, based on its genetic features. Tumours with subtype 
probabilities of >90% or 50%–90% were defined as ‘‘core’’ or ‘‘extended’’ subtype members, respectively. 
Tumours that were core members of more than one subtype were termed ‘‘genetically composite’. Lymphgen 
algorithm could classify 63% patients in one of the seven subtypes. The model could not classify substantial 
proportion of patients into one of the subtypes because overlapping genetic features. Both these models could 
uncover the heterogeneity of DLBCL in a better way with respect to intervention with targeted therapy in 
DLBCL. LymphGen algorithm is publicly accessible at https://llmpp.nih.gov/lymphgen/index.php in order 
to facilitate its use in DLBCL clinical trials and accelerate the development of improved therapies for these 
aggressive cancers. 

 MHG and DHIT signatures 

GCB DLBCL can be subdivided into prognostic subtypes by two gene expression signatures (MHG and 
DHIT). In the REMoDL-B trial (Bortezomib with RCHOP), a subset of 400 patient samples was sequenced 
for a 70-gene panel and molecular high-grade (MHG) group was defined. MHG group comprised of 9% 
patients (83 patients) out of which 75 were in GCB cell of origin group. Progression-free survival rate at 36 

https://llmpp.nih.gov/lymphgen/index.php
https://llmpp.nih.gov/lymphgen/index.php
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months after R-CHOP in the MHG group was 37% (95% CI, 24% to 55%) compared with 72% (95% CI, 
68% to 77%) for others, and an analysis of treatment effects suggested a possible positive effect of 
bortezomib. This result was in contrast with the REMoDL-B study results of bortezomib with RCHOP where 
the COO was based on GEP based algorithm.  Double-hit lymphomas lacking the MHG signature showed 
no evidence of worse outcome than other germinal center B-cell-like lymphomas. This highlights the 
heterogeneity of double hit lymphoma above the conventional prognostic factors of IPI and cytogenetics. 
The British Columbia group developed a 104-gene double-hit signature (DHITsig) that assigned 27% of 
GCB-DLBCLs to the DHITsig-positive group, with only one-half harboring MYC and BCL2 rearrangements 
(HGBL-DH/TH-BCL2). Removal of these tumors from GCB-DLBCL leaves a group with a 5-year DSS rate 
of 90%—strong evidence that R-CHOP is sufficient for these patients. As opposed to other GCB-DLBCLs, 
which have a putative COO of the germinal center LZ, DHITsig-pos tumors display a pattern of gene 
expression consistent with an intermediate zone COO. Furthermore, gene expression suggests that the tumor 
cells are highly metabolically charged with a high expression of genes associated with oxidative 
phosphorylation. This biology provides rationale for exploring targeted agents beyond the current focus on 
BCL2 inhibitors.  

Treatment Implications 

The identified genetic subtypes are associated with differential responses to immunochemotherapy and, 
moreover, provide ample opportunity for the design of novel targeted (combination) treatments. In the ABC 
group, B-cell receptor components like CD79b and TCR adaptor protein MYD88 which constitute the MCD 
cluster are most frequently mutated genes. Ibrutinib, a selective Bruton's tyrosine kinase (BTK) inhibitor has 
selective activity in ABC DLBCL harboring CD79b and MYD88 mutation. A phase Ib study in a panel of 
18 primary central nervous system lymphomas (PCNSL) demonstrated that ibrutinib monotherapy reduced 
tumor mass in 94% of patients. It suggests that patients with other MCD related extra nodal lymphoma will 
benefit from BCR inhibitors.  

Ibrutinib in combination with RCHOP was compared with R-CHOP in non-GCB DLBCL where the primary 
end point of EFS was not significant in ITT analysis. However, in patients with age less than 60 years, there 
was significant benefit in EFS, and OS which could be due to poor tolerance of ibrutinib in patients with age 
more than 60 years. Hence, a better tolerated BTKi Acalabrutinib was tested with RCHOP backbone in a 
phase Ib/II single arm study which was presented in ASH 2020. Age didn’t compromise the delivery of the 
drug with RCHOP. Acalabrutinib holds promise for benefit in non-GCB subgroups in a future phase III RCT. 

BCL2 is also highly expressed in the ABC DLBCL subgroup, but the mechanism is unrelated to t (14;18). 
BCL2 overexpression in the ABC DLBCL subgroup is critical in its pathogenesis and is associated with 
nuclear factor-kappa B (NF-κB) activation, with or without 18q21 amplification. As BCL-2 mediated 
resistance to chemotherapy is one the factor for refractoriness and early relapse. Targeting the BCL-2 
pathway with venetoclax has helped in DLBCL. In a phase II study of venetoclax with R-CHOP with primary 
endpoint of safety, tolerability and complete response rates, CAVALLI study has shown improved 
investigator assessed PFS with hazard ratio= 0.61 (95% confidence interval [CI], 0.43-0.87) and Bcl-2 IHC-
positive subgroups (HR = 0.55, 95% CI, 0.34-0.89) versus R-CHOP. However, there was 86% grade ¾ 
hematologic toxicity which needs more work on tolerable dose in these patients. 
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A brief summary of important studies in DLBCL which are based on precision oncology is given in table 
TABLE-1: Landmark studies in DLBCL based on Precision Oncology 

Trial name Patient 
population 

Trial 
design 

Treatment Results Genomic 
test used 

Clinical 
Implication 

REMoDL-B 
Andrew 
Davies et al. 

DLBCL Phase III 
RCT 

R-CHOP v 
R-CHOP 
plus 
bortezomib 

No difference 
in 30-month 
PFS 

Used GEP 
for COO 

Feasibility of 
doing GEP 
based studies 
in DLBCL 

PHOENIX 
Anas Younes 
et al. 

Non-GCB 
DLBCL 

Phase III 
RCT 

R-CHOP v 
R-CHOP 
plus 
Ibrutinib 
  

Didn’t meet 
primary 
endpoint I of 
EFS in ITT 

COO by 
Hans 
Algorithm 

In less than 60 
yrs age, 
Ibrutinib 
improved 
EFS/PFS and 
OS. 

ROBUST 
U. Vitolo et 
al. 

ABC 
DLBCL 

Phase III 
RCT 

R-CHOP v 
R-CHOP 
plus 
Lenalidomid
e 

No difference 
in PFS 

COO by  
Lymph2Cx 
GEP 

Increased 
febrile 
neutropenia, 
Positive trend 
of benefit in 
high-risk 
disease 

CAVALLI 
Zelenetz AD 
et al. 

High risk 
DLBCL 
(BCL-2 + by 
IHC /IPI 2-5) 
  

Phase 
Ib/II 
Compara
tive 
analysis 
with 
GOYA 
study 

Venetoclax 
with R- 
CHOP 

Improved 
investigator 
assessed PFS 
and Bcl-2 IHC-
positive 
subgroups (HR 
= 0.55, 95% 
CI, 0.34-0.89), 

IHC and 
FISH for 
BCL-2 and 
c-MYC are 
used for 
enriching 
the high-
risk 
population 

Increased 
myelosuppress
ion 

ACCEPT 
study (ASH 
2020) 
Andrew 
Davies et al 

Histologicall
y confirmed 
DLBCL 

Phase 
Ib/II 
single 
arm 
study 

Acalabrutini
b with R-
CHOP 

No dose 
limiting 
toxicity and 
febrile 
neutropenia in 
13% and 
diarrhea 11% 

Cell of 
origin 
(COO) was 
determined 
by HTG 
EdgeSeq 

Age did not 
compromise 
the delivery of 
full dose R-
CHOP in 
combination 
with 
Acalabrutinib 
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SECTION 6: PRECISION IN PHARMACOLOGY 

Innovation in Drug Delivery Technology 
Dr. Vikram Gota, Dr. Renita Castelino, Dr. Vandhita Nair, Dr. Akshay Kamble 

Introduction 

Despite significant advances in cytotoxic chemotherapy, there are still a number of limitations such as high 
occurrence of side effects, sub therapeutic drug levels at tumour site due to non-targeted distribution, 
development of resistance to chemotherapy and cross-resistance to a wide variety of other cytotoxic drugs. 
Besides, cytotoxic chemotherapy can be toxic to normal cells as well, leading to severe adverse reactions 
which could be dose limiting. Over the years, novel drug-delivery systems (NDDS) have overcome some of 
the limitations associated with traditional cancer-therapy administration such as reduced drug solubility, 
chemoresistance, systemic toxicity, narrow therapeutic indices, and poor oral bioavailability through five 
broad NDDS systems namely, liposomes, nanoparticles, solid-lipid nanoparticles, emulsion systems, and 
polymeric micelles.1 The advantages and disadvantages of these delivery systems are enumerated in table 1. 

Targeting strategies 

Recent trends in nanoparticle research suggest that the focus is on multi strategic targeting such as passive, 
active and stimuli responsive targeting. Long circulating polymers, micelles and liposomes act through 
passive targeting which takes advantage of the enhanced permeation and retention (EPR) effect and leaky 
vasculature of tumor site for drug accumulation. On the other hand, active targeting uses nanoparticles 
functionalized with a variety of targeting molecules such as, antibodies, ligands etc. that bind to specific 
receptors or targets commonly overexpressed on malignant cells. 

Table 1: Advantages and Disadvantages of various drug delivery systems 

Drug Delivery System Advantages Disadvantages 

1. Liposomes Can entrap both lipophilic and 
hydrophilic molecules 
Ability to carry large drug 
payloads 
Biocompatible. Provides targeted 
delivery with minimal toxicity 
Encapsulation provides protection 
from early inactivation and 
degradation in circulation 

Rapid clearance due to opsonisation of 
plasma components and the 
reticuloendothelial system (RES) 
 Able to trigger the innate immune 
response (a syndrome known as 
complement activation–related pseudo 
allergy (CARPA)] 
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Drug Delivery System Advantages Disadvantages 

2. PEGylated (Stealth)
Liposome

 Reduces the occurrence of 
immunogenicity and antigenicity 

 Reduces the liver clearance rate 
Prolongs the half-life of the drug 

· Repeated dosing can cause loss of long
circulating properties and subsequent
clearance (Accelerated blood clearance
phenomenon)
· Steric hindrance of the molecule
strongly inhibits cellular uptake and
endosomal escape, which results in
significant loss of activity

3. Solid lipid
nanoparticles

· Controlled drug release
· Excellent biocompatibility
· More affordable, low toxicity
· Can carry both lipophilic and
hydrophilic drugs
· Water based technology (can
avoid organic solvents)

Poor drug loading capacity 
Drug expulsion due to crystallization 
during storage 
Initial burst release of drug 
Particle aggregation 

4. Polymeric
micelles

·Increasing solubility of highly
lipophilic drugs
·Drug release in controlled 
manner
Evasion from reticuloendothelial
system’s degradation

 Low drug loading capacity 
 Dependent on critical micelle 
concentration 

 Majorly useful for only highly 
lipophilic drugs 
Precipitation of solubilized drug 

5. Emulsion systems · Improves bioavailability of
poorly water-soluble drugs (easily
crosses the GI barrier)
· Larger surface area, hence
has increased absorption capacity
· Ease of manufacturing
· Suitable for oral, dermal,
ocular and parenteral delivery
· Low cost compared to other
colloidal systems

· Stability is influenced by
environmental parameters like
temperature, pH
· Lack of variety of safe surfactants
· Needs aseptic handling
· Risk of growth of microorganisms

Liposomal doxorubicin 

Batist and colleagues, conducted a phase III randomized trial to compare the cardiotoxicity and antitumor 
efficacy of liposome derived doxorubicin and cyclophosphamide (MC) versus conventional doxorubicin and 
cyclophosphamide (AC) in metastatic breast cancer. The study found that although both liposomal and 
conventional doxorubicin had comparable antitumor efficacy in terms of objective response rate, progression 
free survival, duration of response and time to treatment failure, there was a significant difference in the 
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cardiotoxicity profile.  Patients treated with MC were 80% less likely to develop cardiotoxicity than those 
treated with AC. Moreover, the occurrence of SAE (grade 3 neutropenia, stomatitis, diarrhoea etc.) was 
significantly lower with liposomal doxorubicin.2 This formulation is indicated in ovarian cancer, breast 
cancer, Kaposi’s sarcoma and multiple myeloma. It contains a “stealth” feature that allows it to evade 
premature clearance by the reticuloendothelial system, crystallization of drug in liposomes minimizes escape 
during circulation, and lipid encapsulation ensures high drug: carrier ratio, thus increasing doxorubicin 
delivery to the tumor site at lower systemic exposure of the free drug.3 However, it may preferentially 
concentrate in the skin due to PEG coating and the subsequent leakage of drug could result in hand–foot 
syndrome. 

Nab-Paclitaxel 

In a large multicentre international phase III study (CA031) of nab-paclitaxel (nab-P, 130 nm albumin-bound 
paclitaxel particles) + carboplatin (C) versus solvent-based paclitaxel (sb-P) + C in advanced non small cell 
lung cancer (NSCLC), nab-PC produced significantly higher overall response rate (ORR) compared with sb-
PC (35% vs 27%; response rate ratio = 1.318).4 Progression-free survival (median 6.9 vs 5.6 months; hazard 
ratio [HR] = 0.845) and overall survival (median 16.7 vs 15.9 months; HR = 0.930) were better with nab-PC 
compared to sb-PC. Of the grade ≥3 treatment-related adverse events, anemia and thrombocytopenia were 
more common in nab-PC arm, but sensory neuropathy was less common. nab-P is indicated for the treatment 
of metastatic breast cancer after failure of combination chemotherapy for metastatic disease with an 
anthracycline containing regimen or relapse within 6 months of adjuvant chemotherapy. It is also indicated 
for the first-line treatment of locally advanced or metastatic NSCLC, in combination with carboplatin, and 
as first-line treatment of patients with metastatic adenocarcinoma of the pancreas, in combination with 
gemcitabine.5 nab-P enhances solubility and increases the delivery of paclitaxel to tumors.3 

Antibody-drug conjugates 

Similar to available polymer drug conjugates in clinical practice, antibody-drug conjugates (ADCs) are an 
emerging class of therapeutics that consist of a cytotoxic agent linked covalently to an antibody, which is 
directed toward a specific cell surface target expressed by tumor cells and/or the microenvironment. ADCs 
leverage the specificity of the antibody such that it functions as a carrier to deliver the cytotoxic payload into 
the tumor. Verma and colleagues performed a phase III randomized, open label study to measure the efficacy 
and safety of trastuzumab emtansine (T-DM1) in HER-2 positive advanced breast cancer compared to 
lapatinib plus capecitabine regimen. T-DM1 is an antibody-drug conjugate that utilizes the specificity of 
trastuzumab for HER-2 positive tumors for the targeted delivery of emtansine, a cytotoxic agent. The study 
found that T-DM1 significantly prolonged progression-free and overall survival with less toxicity than 
lapatinib plus capecitabine in HER-2 positive advanced breast cancer patients.6 
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Pharmacogenomics and Toxicity 
Dr. Vikram Gota, Dr. Bharati Shriyan      

Introduction 

Pharmacogenetics (PG) deals with the genetic variability in drug response and toxicity. Pharmacogenetics 
in oncology is gaining importance because of the narrow therapeutic index of most anticancer drugs. In 
addition, the inherent variability in drug exposure can result in sub therapeutic levels in some patients leading 
to treatment failure. Both toxicity and lack of efficacy can contribute to the economic burden of cancer, 
making optimal dosing strategies attractive. While somatic mutations dominate a clinician’s decision of 
choosing the right anticancer drug for certain malignancies, recent pharmacogenetic studies have shown 
evidence of germline mutations influencing the pharmacokinetics and pharmacodynamics of drugs and the 
eventual outcomes (1). 

The search for the most important polymorphic variants for any drug mainly focuses on the genes encoding 
for its metabolizing enzymes and its transporters especially at the site of elimination. The earliest and perhaps 
the most popular example of implementation of PG in real world clinical practice is thiopurine 
methyltransferase (TPMT) genotyping for 6-mercaptopurine (6-MP). Recently, the single nucleotide 
polymorphism (SNP) rs116855232 in the NUDT15 gene was incorporated along with TPMT based on 
studies conducted by Yang and team (2). Several PG variants have since made their way into the clinics; 
including DPYD for 5-fluorouracil (5-FU) and capecitabine, UGT1A1 for irinotecan and CYP2D6 for 
tamoxifen. The Clinical Pharmacogenetics Implementation Consortium (CPIC) routinely publishes 
guidelines for easy interpretation of laboratory specific genetic tests to actionable decisions for clinicians (3). 

Pharmacogenetics of 5-Fluorouracil 

5-FU forms a part of the chemotherapeutic regimen for several cancers including head and neck cancer and
cancer of the gastrointestinal tract, as a single agent as well as in combination. Approximately 80% of the
administered 5-FU is degraded by the enzyme dihydropyrimidine dehydrogenase (DPYD), which is the first
and rate limiting enzyme in the catabolic pathway of 5-FU. The remaining 5-FU is converted to the active
metabolites 5-fluorouridine-5’-triphosphate (FUTP) and 5-fluoro-2’deoxyuridine-5’-monophosphate
(FdUMP) in the liver. Decreased DPYD activity is known to increase the half-life of 5-FU thus increasing
the patient’s risk of adverse events including diarrhoea, mucositis as well as hematologic toxicities. Thus,
nonsynonymous germline variants in the DPYD gene that might alter the enzyme activity will have a
significant effect on the risk of developing toxicity to 5-FU (4). DPYD activity among different populations
varies widely; the prevalence of low or partial DPYD deficiency in the general population is approximately
3-5%.

Till date, 4 SNPs have been known to have an effect on the DPYD enzyme activity. c.190511G>A 
(rs3918290, also known as DPYD*2A), c.1679T>G (rs55886062, DPYD *13), c.2846A>T (rs67376798) 
and c.1129–5923C>G (rs75017182). Of these 4 variants, c.190511G>A and c.1679T>G have the most 
deleterious impact on DPYD activity; whereas c.2846A>T and c.1129–5923C>G result in moderately 
reduced DPYD activity. The most common and well-studied variant c.1905+1 G>A (DPYD*2A) results in 
a deleted exon and a resultant non-functional DPYD enzyme protein (5). Table 1 enlists the different 
phenotypes based on genotypes and the corresponding dosing recommendations. 
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Table 1: Dosing recommendations of 5-FU based on DPYD pharmacogenetics (5) 

Sr. 
No. 

Phenotype Genotype Dosing recommendations 

1. DPYD normal 
metabolizer 

An individual carrying two 
normal function alleles 

Use label-recommended dosage and 
administration 

2. DPYD 
intermediate 
metabolizer 

An individual carrying one 
normal function allele plus 
one no function allele or one 
decreased function allele, or 
an individual carrying two 
decreased function alleles. 

Reduce starting dose by 50% 
followed by dose titration based on 
toxicity or therapeutic drug 
monitoring (if available) 

3. DPYD poor 
metabolizer 

An individual carrying two no 
function alleles or an individual 
carrying one no function plus 
one decreased function 

Avoid use of 5-fluorouracil or 5-
fluorouracil prodrug-based regimens. 

Pharmacogenetics of Methotrexate 

Methotrexate (MTX) is used in the treatment of acute lymphoblastic leukaemia (ALL), breast, head and neck 
cancers as well as in rheumatoid arthritis and exerts its action by inhibiting thymidylate synthase and folic 
acid cycle resulting in cell death due to impaired nucleic acid synthesis. MTX toxicity is thought to be 
associated with mutations in the methylenetetrahydrofolate reductase (MTHFR) gene, responsible for 
intracellular folate metabolism and homeostasis. Two nonsynonymous SNPs C677T (rs1801133) and 
A1298C (rs1801131) result in reduced activity of the MTHFR enzyme. For the variant C677T, the presence 
of T allele leads to reduced activity of the enzyme by 30% and 65% in homozygous and heterozygous 
respectively. Thus, the homozygous carriers of C677T are more prone to toxicity than their heterozygous or 
wildtype counterparts (6–9). However, for the variant rs1801131, reports are inconsistent with some studies 
reporting no association with toxicity at all (9–11). 

The influx and efflux of MTX is mediated by reduced folate carriers (RFC) and ABCB1 family respectively. 
The most common SNP in the RFC (SLC19A1) gene rs1051266 has been known to increase the function of 
this transporter. However, contrasting studies have been reported linking this variant to MTX toxicity (10,12–

18). 

Several studies have reported that homozygous carriers for both rs1128503 and rs1045642 (ABCB1 gene) 
showed higher toxicity to MTX as compared to the wildtype (19–22). However, currently there are no dosing 
recommendations for methotrexate based on ABCB1 gene polymorphisms due to contrasting reports of the 
effect of these polymorphisms on toxicity. 
Though genetic studies are inconsistent owing to small and underpowered studies, pharmacogenetics is a 
powerful tool in individualising treatment strategies in oncology. Genome wide association studies to 
understand the relation between different genetic variants and the toxicity of drugs are required. 
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SECTION I: PHOTONS 

Chapter 1: Technology overview Photons 
         Dr. Udita Upreti, Dr. Ritu Raj Upreti, Dr. Rajesh A Kinhikar 

Recent decades witnessed evolvement of technology for high precision radiotherapy. Following are the 
developments in the technology used in radiotherapy during the recent years. 

A. Imaging:

A1. Diagnosis:  
Multimodality imaging is being evolved which is imaging of a subject with two or more modalities with the 
images being registered in space and in time. Following hybrid imaging devices are being developed. 

• Positron emission tomography–computed tomography (PET-CT) imaging:
Integration of PET and CT scanner in a single gantry having advantages of metabolic images fused with
morphologic images for precise localization of the cancer cells with higher metabolic activity.

• Positron emission tomography–Magnetic resonance (PET-MRI) imaging:
Integration of PET and MRI scanner having advantages of acquiring fused images with more detailed of
anatomic and metabolic information of patient. It also has advantages of lesser radiation exposure to patient’s
compared to PET-CT.

• Single photon emission computed tomography (SPECT)-CT imaging:
SPECT/CT is having more precise anatomical lesion localization and having added clinical value over
SPECT imaging alone.

A2. Treatment Verification: 
Image guided radiotherapy (IGRT) gained popularity utilizing various imaging techniques and devices which 
are being integrated with the treatment machine to acquire the images prior or during the treatment fraction. 
Image guided radiotherapy enhanced setup accuracy, addressed inter and intra fraction motion, offered 
improved accuracy of target volume definition and localization, thus improved overall accuracy in the 
delivery of radiation. The following imaging modalities are commercially available for state of art IGRT 
system. 

• CT on rails:
Integrates in-treatment-room diagnostic CT unit with LINAC and allows fan beam CT acquisition prior to
treatment. The technique is having superior quality images but with higher imaging dose.

• Kilo Voltage Cone Beam CT (KV CBCT):
In KV CBCT, X-ray tube and detector are mounted on the treatment unit gantry at perpendicular axis from
the megavoltage (MV) source on the LINAC gantry and uses a cone-shaped x-ray beam and acquires the
scan in a single, relatively slow gantry rotation. The technique has lesser imaging dose but poor image quality
than diagnostic CT images.
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• Mega Voltage Cone Beam CT (MV CBCT): 
MV-CBCT is similar to kV-CBCT. In MV-CBCT the X-ray source is the 6 MV treatment beam itself, and 
the detector is an electronic portal imaging device (EPID) optimized for MV photon detection. MV imaging 
has poorest image quality, but having advantage of image quality in presence of metal or prosthesis of high 
density materials.   

• Fan Beam Helical MVCT scanning: 
The fan-beam helical MVCT images are acquired in helical tomotherapy delivery system by the same 
accelerator that generates the treatment beam, but with the nominal electron beam energy reduced to 3.5 
MeV. It has similar advantages and disadvantages as MV CBCT.  

• MRI imaging: 
Very recently an MRI imager is integrated with the LINAC (MR-LINAC), capable to acquire MR images 
for treatment verification and allows superior visualization of soft tissues and tumour.   
 
B. Image registration: 
It is the process of overlying different modality diagnostic images by transforming different set of image 
data into one coordinate system. Image registration, popularly known as image fusion provides diagnostic 
information of multimodality images together in a single data set. Following are the various registration 
methods used for image registration. 
 
• Rigid registration: 
Rely on mathematical transformations, such as rotation and translation along each axis of the Cartesian 
coordinate system as well as scaling and shearing of an image projected onto a reference. For rigid 
registration, scaling and shifts of particular parts of the image during projective registration are linear in 
nature. 
Examples: Landmark based, Edge based and voxel intensity based etc. 

• Deformable registration: 
Deformable registration is based on elastic transformation which, apart from re-scaling particular image 
elements, enables them to be non-linearly shifted in relation to one other and therefore each voxels of image 
transform independently of its neighbours. 
Examples: Algorithms using spline function, Demon type algorithms. 
 
 
C. Image Segmentation: 
Conventionally the manual contouring tools are being used for segmentation of structures; however, 
following auto-segmentation techniques are being developed in the recent years to improve the efficiency 
and accuracy of the contouring process.  

• Atlas-based segmentation (Single or multi atlas):  
These methods use one or more reference image with structures of interest (referred to atlas) already 
segmented as prior knowledge for new segmentation tasks. The segmentation of a new image relies on 
deformable registration finding the optimal transformation between the atlas and the new image to map the 
atlas contours onto the new image.   
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• Model-based segmentation:  
For model based segmentation, larger contoured images are used to train a statistical model to characterize 
the variation of shape or appearance of structures.  

• Machine learning-based segmentation: 
This is the most advanced technique utilizes large patient contour data and Artificial intelligence and deep 
learning approaches for auto contouring of structure of interest.  
 
D. Treatment plan optimization: 
• Deterministic methods (Gradient search): 
Objective function of the optimization method tends to be fast in reaching the optimum solution. The 
objective function converges on local minima. 
Physical optimization: Objective function is based on physical constraints such as dose and dose volume 
data and optimization yields the physical dose plans. 
 
Biological Optimization: Objective function is dose response/clinical outcome data such as TCP, NTPC and 
EUD and used to generate biological plans. Biological models are used to predict treatment outcome and are 
used in for biological planning. 

• Stochastic methods (Simulated annealing): 
Objective function of the optimization method is slow in reaching the optimum but can provide the best 
optimum solution. The objective function of the stochastic methods is likely to find the global minima.  
 
E. Dose calculation: 
Dose calculation algorithms are backbone of a treatment planning system (TPS). For a high precision 
radiotherapy technique, accuracy in the dose calculation is highly desirable. Algorithms are classified as per 
their accuracy and described below. 

• Type ‘a’ algorithm:  
These are the basic algorithms in which in-homogeneities are handled by a correction evaluated on the one-
dimensional path length along the fan lines from the radiation source.  
Examples: Pencil beam convolution and Fast Fourier Transform convolution. 

• Type ‘b’ algorithm: 
These algorithms are capable to handle the lateral electron transport for more accurate dose calculations in 
presence of tissue in-homogeneities. These are based on convolution superposition methods in which each 
dose kernals are spatially corrected for tissue heterogeneities.  
Examples: Collapsed-cone convolution (CC), the anisotropic analytical algorithm (AAA) and the multigrid 
superposition (MGS), etc. 

• Type ‘c’ algorithm: 
These are most advanced and more precise algorithms and commercially available with present state of art 
treatment planning system. These algorithms are capable to compute the dose distribution more precisely in 
inhomogeneous medium and tissue interfaces. 
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Examples: Monte Carlo (MC) and algorithm and another algorithm based on Linear Boltzman Transport 
Equation (LBTE) etc.  
 
 
F. Treatment delivery: 
F1. Multileaf collimators (MLC’s): 
Historically MLC’s were developed to replace the shielding blocks for delivering conventional radiotherapy 

and three dimensional radiotherapy (3DCRT). MLC’s are configured at various locations inside the 
treatment head. The following configurations are commercially available. 

• Upper Jaw replacement: For this configuration, upper jaw is replaced by set of MLC leaves. In Elekta 
LINAC’s this configuration is being used. The MLC leaves move in the y-direction (parallel to the axis of 
rotation of the gantry) and a “back-up” collimator located beneath the leaves and above the lower jaws 
augments the attenuation provided by the individual leaves. 

• Lower Jaw replacement: For this configuration, upper jaw is replaced by set of MLC leaves. This 
configuration is incorporated in Siemens MLC’s where the leaf end is straight and focussed on the X-ray 
source. 

• Third Level (tertiary) Configurations: The MLC’s of this configuration is positioned just below the level 
of the standard upper and lower adjustable jaws. This configuration is available in Varian LINAC’s. The 
advantage of this design is to reduce lengthy downtime in the event of a system malfunctions as it is 
possible to move leaves manually out of the field when a failure occurs. 

F2. Intensity modulated radiotherapy (IMRT) delivery: 
Intensity modulated radiation therapy (IMRT) is an advanced form of three dimensional conformal 

radiotherapy (3DCRT) having ability of improved target coverage for concave shaped PTV with dose 
escalation. IMRT delivers non uniform beam intensity which was inversely planned on a Treatment 
Planning System (TPS). Non uniform intensities were obtained by dividing each beam in small beamlets 
and varying intensities of the beamlets. Various methods developed to deliver intensity modulated fluence 
optimized by TPS are discussed below. 

 
• Compensator based IMRT:  
Conventionally, metal compensators have been used to deliver non uniform beam intensities determined by 

optimization algorithm of treatment planning system. Each individual patient required customized 
compensator for each treatment field. Compensator based IMRT was time consuming, messy, tedious, 
inefficient and requires storage space in the treatment room. 

 
• Jaw Based IMRT: 
Fluence modulation can be achieved using the jaws of an accelerator either in static or dynamic mode. Static 

mode integrates various static field beam aperture created by jaws of various intensities. In dynamic mode 
the longitudinal size of the modulated field could be fixed using one pair of jaws. Then a modulation would 
be created by dynamically sweeping the other pair of jaws with the radiation switched on. 

• MLC based IMRT:  
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The advancement of computer hardware and MLC’s are utilized to deliver fixed field IMRT. For the IMRT 
mode using multiple fixed fields, the plan optimization process in TPS produces nonuniform intensity 
distributions. Leaf position sequences as a function of MUs are generated and MLC leaves are driven by 
motors and controlled by computer to generate intensity modulated fluence. IMRT can be delivered in 
static and dynamic modes of MLC and discussed below. 

Step and shoot IMRT: 
The optimized intensity pattern from TPS of fixed gantry radiation beam is divided it into multiple segments, 

each to be shaped as an aperture formed by the MLC with the beam weight or monitor (MU) settings. 
Fluence intensity throughout each MLC segment is relatively uniform. The summation of all static 
segments yields the required intensity-modulated dose distributions.  

Dynamic MLC (DMLC) IMRT:  
In the Dynamic MLC sliding-window method, the gap formed by each pair of opposing leaves is swept 

across the target volume under computer control while the radiation is on. The gap opening and its speed 
are optimally adjusted. The DMLC IMRT having better efficiency and superior modulation compared with 
step and shoot IMRT. 

 

Disadvantages of fixed beam IMRT: 
Fixed field IMRT techniques use larger number of monitor units (MU) compared with 3DCRT resulting in 

an increase in the low radiation doses to the healthy normal tissues and thus increase risk of radiation 
induced cancers for patients with long life expectancies. 

 
F3. Intensity modulation delivery with rotational arc: 
Volumetric Modulated Arc Therapy (VMAT): 
In the last decade volumetric modulated arc therapy (VMAT) gained popularity which addressed the 

limitation of fixed beam IMRT. VMAT techniques having better efficacy as delivering the treatment from 
a continuous 360-degree rotation of the radiation source utilizing variable dose rate, MLC and gantry speed 
for beam modulation with significant reduction in MU and overall treatment time.    The treatment planning 
system computes the dose by sampling the delivery at large number of discrete gantry angles for which the 
field shapes and beam intensities are optimized.  

Serial Tomotherapy: 
Serial Tomotherapy utilizes an add-on binary MLC in a conventional LINAC provides narrow fan beam to 

deliver discrete arc of finite width between which treatment couch is moved longitudinally. This technique 
requires extreme accuracy in the movement of couch for patient indexing and matching of the consecutive 
slices. 

Helical Tomotherapy (HT): 
Helical Tomotherapy delivers conformal arc-based treatment using a very highly modulated fan beam using 

binary collimators in a helical rotation pattern with translation of patient in the treatment bore. HT is 
capable to treat larger length tumours such as cranio-spinal irradiation and total marrow and lymphatic 
irradiation with higher conformity in a single treatment session. The higher integral dose to larger volume 
of normal tissues and poorer patient throughput are the major disadvantages of this technique.  
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F4. Stereotactic radiosurgery (SRS) and Stereotactic Body radiotherapy (SBRT) delivery: 
Stereotactic radiosurgery (SRS) is a noninvasive radiation therapy used to treat functional abnormalities and 

small tumors of the brain. It delivers high dose of radiation precisely to the target in a single fraction. Later, 
the principle of intracranial SRS was proposed for extra-cranial sites and named as Stereotactic Body 
radiotherapy (SBRT). Historically SRS and SBRT technologies utilize a rigid frame system for precise 
target localization with sub millimeter accuracy. In the recent years, SBRT technologies have transformed 
from the early days of body frame-based localization with X-ray verification to primarily image-guided 
procedures with cone-beam CT or stereoscopic X-ray systems and non-rigid body immobilization. 

 
The following devices are used to deliver SRS and SBRT. 

• Gamma Knife: 
The gamma-knife is dedicated SRS machine which delivers radiation to a target lesion in the brain by 

simultaneous irradiation with a large number of isocentric gamma-ray beams. In a Gamma Knife unit, 201 
cobalt-60 sources are housed in a hemispherical shield and the beams are collimated to focus on a single 
point in which the target was localized using stereotactic localization.  

• Conventional LINAC with micro MLC (X-knife): 
The LINAC-based SRS technique consists of using multiple non-coplanar arcs of circular (or dynamically 

shaped/modulated) beams converging on to the machine isocenter, which is stereotactically placed at the 
center of imaged target volume. A spherical dose distribution obtained in this case can be shaped to fit the 
lesion more closely by manipulating several parameters: selectively blocking parts of the circular field, 
shaping the beam's-eye aperture dynamically with a multileaf collimator, changing arc angles and weights, 
using more than one isocenter, and combining stationary beams with arcing. 

 

• Robotic LINAC (Cyber-knife):  
In the last decade a robotic X-band linear accelerator (Cyber knife) gained popularity due to its compact size 

and 6 degrees of freedom of the robotic arm, precisely delivers the narrow beam of radiation for SRS and 
SBRT.  

 
F6. Motion management in Radiotherapy:  

• Intra-fraction motion and its management: 
Respiratory motion has the major contribution in the Intra fraction motion, which is potential source of errors 

in delivering high precision radiotherapy. Following techniques are being evolved to address motion 
management in radiotherapy. 

 
Forced shallow breathing (Abdominal compression): 
Minimizing respiratory motion with the application of abdominal pressure during pretreatment imaging and 

treatment delivery is one of the methods to minimize respiratory-induced tumor mobility for both lung and 
liver lesions. Patients are forced to take shallow and fast breath when upper abdomen is pushed down by 
a pressure device, which limits diaphragm caudal excursion 

Respiratory gating:  
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Technological innovation in the field of CT yielded the emergence of four-dimensional computed 
tomography (4DCT), where 3D computed tomography volume containing a moving structure is imaged 
over a period of time thus creating a dynamic volume data set correlated with the breathing cycle. 
Respiratory gating techniques in radiotherapy utilized this 4DCT information of moving tumors and enable 
the gated delivery of the radiation to selective breathing phases having the least target motion. 

Breath-hold Techniques: 
In breath-hold technique the CT image acquisition and treatment planning is performed on a breath hold CT 

scan either in deep inhale or exhale phase of breathing cycle. The treatment is delivered while the patient 
holds his breath at the planned respiratory phase, while the beam is put on hold (beam off) when the phase 
starts to deviate from the planned respiratory phase. 

Tumor tracking: 
In this technique, the radiation beam is repositioned dynamically, so as to follow the tumour’s changing 

position and referred as real‐time tumour tracking. At first tumour position is determined by imaging of 
tumour or surrogate, then the tumour motion is anticipated to allow for time delays in the response of the 
beam‐positioning system afterwards the beam is repositioned for the treatment delivery.  

Motion encompassing methods: 
These methods estimate the entire range of tumour motion for respiration and provide tumour encompassing 

volume. Slow CT scan is one of the methods where the CT scanner is operated very slowly, and/or multiple 
CT scans are averaged such that, on average, multiple respiration phases are recorded per slice. Hence, the 
image of the tumour shows the full extent of respiratory motion when the scanner operates at a particular 
couch position for longer than the respiratory cycle. In the second technique, both inhalation and exhalation 
gated or breath‐hold CT scans of the patient are acquired during the CT simulation and range of tumour 
motion is estimated. In another method, the Maximum or minimum intensity projection image form a 4D 
CT or respiration‐correlated CT can be used to estimate the tumour motion. 

 
• Inter-fraction motion and its management: 
The traditional approach to account for inter-fraction anatomical changes is to apply a safety margin around 

the clinical target volumes. This may increase risk of exposure to non-involved tissue and thus increasing 
the risk of unacceptable side effects. To reduce these safety margins, IGRT has been developed. IGRT 
allows acquiring the pre-treatment acquisition of the images to assess the inter-fraction variation of shape 
and size of the target and organs at risk.  Image guided adaptive radiotherapy technique (IGART) is being 
evolved to deliver radiotherapy accurately and precisely whenever these anatomical changes are 
significantly larger. IGART addresses the issues such as differential motion between primary tumor and 
involved lymph nodes, shape changes and deformation of bladder, rectum or cervix, weight loss, and tumor 
regression during the course of radiotherapy. 

 
The IGART uses an imaging feedback loop to quantify these changes and modify the treatment plan 

accordingly. IGART consists of four key components, which are (1) treatment dose assessment using 
deformable registration and dose accumulation, (2) treatment variation identification and evaluation, (3) 
treatment modification or re-planning decisions, and (4) adaptive treatment modification. 
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Deformable registration and dose accumulation in Adaptive Radiotherapy: 
Deformable registration between a planning and repeated scan is utilized to propagate the contours of the 

planning scan to the new pretreatment scan. In IGART the daily geometric changes using deformable 
registration and dose accumulation to target and OAR’s are estimated by summation of doses from 
fractionated treatment regimens. Decision on the treatment modification or adaptive re-planning is taken 
after evaluation of dose accumulation.   

 
G. Assessment of the technological development: 
International organization such as International Commission on Radiation Units and Measurements (ICRU), 

American Association of Physicists in Medicine (AAPM) and International Atomic Energy Agency 
(IAEA) provides guidelines for implementation of the newly available technologies in radiotherapy.   

• 3DCRT: 
AAPM task group report 50 (AAPM TG 50) provides guidelines about the basic application of multi-leaf 

collimators in radiotherapy. Commercially available MLC and their design, configuration, commissioning, 
quality assurance and clinical applications were described in details in the report. ICRU 50 and ICRU 62 
reports recommend about the ‘Prescribing, recording and reporting photon beam radiotherapy’. These 
recommendations having objectives of having consistent treatment policy and comparable results from 
other centres, ICRU 50 defined various volumes and their details are summarized in Table 1. In ICRU 60 
planning target volume (PTV) was supplemented (Table 2). The recommended dose reporting is in the 
ICRU reference point which is preferably at the centre of PTV summarized in Table 3.  

• IMRT and VMAT: 
ICRU incorporated the new recommendation in their report ICRU 83 for IMRT and summarized in Table 4. 

ICRU 83 consists of revised classification of treatment volumes, dose prescription based on DVH, dose 
volume reporting and inclusion of patient specific quality assurance. American Association of Physicists 
in Medicine task group (AAPM TG) report no 119 recommends about the commissioning of IMRT. TG-
119 developed a specific set of tests (6 Test suits) for IMRT commissioning that are representative of 
common clinical treatments and pose a range of optimization problems requiring simple to complex 
modulation and thus test the overall performance of the IMRT system. TG-119 recommend to quantify the 
“degree of agreement that should be expected” using the concept of “confidence limit” CL, which is the 
sum of the absolute value of the average difference and the standard deviation of the differences multiplied 
by a factor of 1.96 [CL =mean deviation+ 1.96 SD]. The adequacy of dosimetric system can be assessed 
by determining the reasonable confidence limit. The formulation is based on the statistics of a normal 
distribution and it is to be expected that 95% of the measured points will fall within the confidence limit.  

• Tomotherapy: 
Many unique features of Tomotherapy treatment modality are not tested with traditional QA tests based on 

AAPM TG 142 guidelines of conventional LINAC’s. AAPM TG 148 report provide a comprehensive set 
of recommendations on all aspects of the helical tomotherapy system that should be tested and the 
respective recommended test frequencies. In TG Report, an overview of the Tomotherapy system and its 
unique aspects in terms of treatment delivery, imaging, treatment planning and quality assurance are 
discussed in details. 

• SRS and SBRT: 
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AAPM TG 54 provides the recommendations about the acceptance tests, dosimetry and QA aspects for SRS. 
AAPM TG 101 describes the workflow of SBRT including treatment planning and delivery, small field 
dosimetric consideration and clinical implementation of SBRT. AAPM TG 135 summarized the overview 
of Cyberknife and its components, recommendations on QA of individual components and QA 
requirements of integrated systems. 

 
Small Field dosimetry: 
Radiotherapy techniques such as SRS and SBRT deliver small x-ray fields. Small field x-ray beam dosimetry 

is difficult due to a number of challenges that include a lack of lateral electronic equilibrium, source 
occlusion, high dose gradients, and detector volume averaging. Recently, IAEA published new code of 
practice in IAEA technical report series TRS-483 with joint collaboration of IAEA and AAPM. The 
recommendations of small field dosimetry are described in details in TRS-483. 

• IGRT: 
AAPM TG 179 summarizes the devices for image-guided radiation therapy utilizing CT-based technology 

and their Quality assurance in details. AAPM TG 180 discussed in details about image guidance doses 
delivered during radiotherapy and provides guidelines about their quantification, management and 
reduction. 

• Image Registration:  
AAPM TG 132 reviewed current approaches and solutions for image registration (both rigid and deformable) 

in radiotherapy and provided recommendations for quality assurance and quality control of these clinical 
processes. 

 
• Motion management: 
AAPM TG 76 summarizes the Management of Respiratory Motion in Radiation Oncology.  The Task Group 

recommends that respiratory management techniques be considered if either greater than 5 mm range of 
motion is observed in any direction or significant normal tissue sparing can be gained through the use of a 
respiration management technique. Information of patient-specific tumour-motion should be used to 
determine CTV to PTV margin. 

AAPM TG 264 recommends about the safe clinical implementation of MLC tracking in Radiotherapy.  TG 
recommends about commissioning and quality assurance as well as guidelines on Failure Mode and Effects 
Analysis for MLC tracking. 
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Table 1: ICRU 50 volumes 
Volumes Description  
Gross Tumor Volume 

(GTV) 
Gross palpable or visible/demonstrable extent and location of 

malignant growth 
Clinical Target Volume 
(CTV) 

Anatomical concept. Tissue volume that contains a GTV and/or 
subclinical microscopic malignant disease, The CTV is an 
anatomical-clinical concept, that has to be defined before a choice 
of treatment modality and technique is made 

Planning Target Volume 
(PTV) 

Geometrical concept. Defined to select appropriate beam sizes and 
beam arrangements, taking into consideration the net effect of all 
the possible geometrical variations and inaccuracies in order to 
ensure that the prescribed dose is actually absorbed in the CTV. 

Treated Volume Volume enclosed by an isodose surface (e.g., 95% isodose), selected 
and specified by radiation oncologist as being appropriate to 
achieve the purpose of treatment.  

Irradiated Volume Tissue volume which receives a dose that is considered significant in 
relation to normal tissue tolerance.  

Organ at risk (OAR) Normal tissues whose radiation sensitivity may significantly 
influence treatment planning and/or prescribed dose 

 
Table 2: ICRU 62 volumes 

No change to definition of GTV and CTV, Global concept and definition of PTV is not changed, 
but definition is supplemented 

Volumes Description  
Internal Margin (IM) Variations in size, shape, and position of the CTV relative to 

anatomic reference points 
Set-up Margin (SM) Uncertainties in patient positioning and alignment of therapeutic 

beams during treatment planning, and through all treatment 
sessions.  

Planning Target Volume 
(PTV) 

PTV = CTV + IM + SM. The penumbra of the beam(s) is not 
considered when delineating the PTV. However, when selecting 
beam sizes, the width of the penumbra has to be taken into account 
and the beam size adjusted accordingly 

Conformity Index (CI): Treated Volume / PTV; it is implied that Treated Volume 
completely encompasses the PTV 

Planning Organ at Risk 
Volume (PRV) 

Analogous to PTV for OAR. PRV = OAR + IM + SM 
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Table 3: ICRU 50 and ICRU 62 recommendation for dose reporting: 
Parameter Description 

ICRU reference dose at 
ICRU Reference Point 

ICRU Reference point should be located at the center of the PTV and 
when possible at the intersection of the beam axes 

The point should be selected in a region where there is no steep dose 
gradient and the point should be clinically relevant and 
representative of the dose throughout PTV 

Maximum Dose Highest dose in PTV. A volume is considered clinically meaningful 
if its minimum diameter exceeds 15 mm except if it occurs in a 
small organ (e.g., the eye, optic nerve etc.) 

Minimum Dose Lowest dose in PTV. In contrast to Maximum Dose, no volume limit 
is recommended. 

Hot Spot Volume outside the PTV which receives dose larger than 100% of the 
specified PTV dose. Volume consideration as maximum dose 

Conformity Index (CI): Treated Volume / PTV; it is implied that Treated Volume 
completely encompasses the PTV 

 
Table 4: ICRU 83 

Parameter Description 

Definition of Volumes 

Clear annotation for GTV according to diagnostic modality 
Example:  
GTV-T (clin, 0 Gy): tumor GTV evaluated clinically before the start 

of the radiotherapy 
GTV-T (MRI-T2, 30 Gy): tumor GTV evaluated with a T2 weighted 

MRI scan after a dose of 30 Gy of external beam irradiation 

Planning Organ at Risk 
Serial Organs, Parallel Organs 
Sub volumes: PTV – PRV (when PTV overlaps with OAR’s/PRV) 

Remaining volume at risk 
(RVR) 

Difference between the volume enclosed by the external contour of 
the patient and that of the CTVs and OARs  

Level 2 recommendations: prescribing and reporting 

Dose-volume reporting 

PTV: DV, D near-min, D near-max, PTV Median Dose D 50% 

Serial like OAR: D 2% is to be reported 
Parallel like OAR: D mean and VD be reported 
Others OAR: D mean, D 2 %, and VD (three dose volume specifications) 

Homogeneity Index HI = (D2 % – D98 %) / D50 % 

Level 3 recommendations:  

techniques and concepts 
which are under 
development 

 
TCP, NTCP or EUD 
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Chapter 2: Central Nervous System Tumors 
         Dr. Abhishek Chatterjee, Dr.  Archya Dasgupta, Dr. Rahul Krishnatry, 

                                                        Dr. Goutam Sarma, Dr. Jayant Goda Shastri, Dr. Tejpal Gupta 

• Introduction 
 

o Uncommon entities with a steadily increasing incidence worldwide.  
o Diverse spectrum from benign indolent entities to highly malignant entities with dismal survival. 
o Achieving durable control in the former and mitigating debilitating normal tissue toxicities in the latter 

present profound challenges. 

The following sections will elucidate how the state-of-the-art technology can aid the process of optimal 
clinical care across various broad disease entities in Neuro-Oncology and elucidate the best available 
evidence and the way forward in each case.  

• Circumscribed gliomas 
 

o Circumscribed gliomas typically represent a spectrum of lower grade disease {Pilocytic astrocytomas, 
Pilomyxoid astrocytomas, Pleomorphic Xanthoastrocytomas (PXA), typically characterized by alterations 
in the Mitogen Activated Protein Kinase (MAP Kinase) pathway. 

o Radiotherapy (RT) as a component of treatment is necessitated in such tumors in older children in the 
setting of residual or recurrent disease. 

o Long survival predisposes to late sequelae (endocrine dysfunction, neurocognitive deficits, 
cerebrovascular insults and RT induced Second Primary Neoplasms).  

o Level I evidence for improved cognitive function by means of the usage of Stereotactic Conformal RT 
provided by a Phase III RCT.  

o Charged Particle Therapy likely to provide further improvement in endocrine and neurocognitive function. 
o  

 Author  Year  Finding  Caveat 
Photon based conformal RT 

SCRT Jalali et al. 
(Level I) 

2017 
200 patients 
randomized to 
SCRT vs 
conventional RT 

-Superior Full Scale 
Intelligence Quotient (FSIQ) 
and performance IQ at 5 years  
-Lower incidence of 
developing newer endocrine 
dysfunction 

-Long duration 
of accrual 
-Heterogeneous 
trial population 
 

IMRT Paulino et al. 
(Level 3) 

2013 
39 patients  

8 year  
PFS –78.2% 
OS-93.7% 

-Small sample 
size 
-Heterogeneous 
population 

Particle Beam Radiotherapy 
Proton     
 Combs et al. 

(Level 3) 
2012 At median follow up 5 months  

Stable disease -12 
-Small sample 
size 
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 Author  Year  Finding  Caveat 
10 patients of 
circumscribed 
gliomas 

Partial response – 2 
Complete response -1 
Pseudoprogression-1 
Progression – 1  

-Heterogeneous 
population 
-Short follow up 
 

 Combs et al. 
(Level 3) 

2013 
51 patients  

No CTCAE Grade 3 toxicity -Small sample 
size 
Heterogeneous 
population 
-Short follow up 
-No outcome 
data 

 

• Diffuse Gliomas  
o Typically, harbour mutations in the Isocitrate Dehydrogenase Pathway (IDH). 
o Typically classified into Lower Grade (Grade II-III Diffuse Astrocytoma and Oligodendroglioma) and 

Higher Grade (IDH mutant Grade IV astrocytoma and Glioblastoma Multiforme). 
 

• Lower Grade Gliomas 
o Median survival may reach as high as 15 years in cases of Anaplastic ODG.  
o Current standards of care involve treatment with 3D conformal RT.  
o Preservation of late sequelae especially cognitive decline may become important.  
o Patients may benefit from sparing of critical cognitive structures such as the hippocampi with IMRT.  
o Protons and carbon ions may add an additional dimension in terms of organ sparing.  
o A newer area is the reduction of RT induced lymphopenia by reducing the volume of normal brain tissue 

irradiated. Particle therapy may particularly help in this regard. 
 

• Higher Grade Gliomas 
o Median survival is typically poor 15 months) but slowly improving in the context of additional therapies 

such as tumor treating fields. 
o Current standards of care involve treatment with 3D conformal RT (3D-CRT).  
o Historical trials with dose escalation with brachytherapy and SRS negative.  
o IMRT has potential benefits in offering reductions in RT induced lymphopenia and is also being investigated 

as a modality for safe dose escalation especially in the setting of MGMT unmethylated tumors. 
o An interesting new area of usage involves hypofractionated RT in the neoadjuvant setting.  
o Proton therapy is being investigated for its greater preservation of lymphocyte counts and possible 

improvement in survival. 
o Charged particle therapy (particularly heavy ions) is being investigated both in the neoadjuvant setting (for 

overcoming hypoxia and increasing immunogenicity) and also as methodology for dose escalation in the 
adjuvant setting (currently being investigated in the CLEOPATRA trial and the trial by Hong et al.). 
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 Author Year Finding Caveat 

Photon based conformal techniques 

SRS Souhami et al. 

(Level 1) 

2004 

203 patients of 
GBM 
randomized to 
RT + BCNU 
without 
preceding 
adjuvant SRS 
Boost 

No benefit for 
SRS boost 

-Pre TMZ era 

-Case selection 

-Large volumes of 
irradiation 
without MRI 
fusion 

 Azoulay et al. 

 

(Level III) 

2020 

30 patients of 
GBM- 
Neoadjuvant f-
SRS prior to 
surgery 
+concurrent 
TMZ  

-MTD – 40Gy in 
5 fractions 

-Adverse effects 
limited to Grade 
1-2  

- Lesser than 
benchmark 
outcomes (14.8 
months’ median 
survival) 

-Small sample 
size  

Hypofractionated 
IMRT  

Luchi et al. 

(Level III) 

2014 

40 patients of 
GBM  

IMRT –Dose 
escalation upto 
68Gy in 8 
fractions with 
concurrent and 
adjuvant TMZ  

Median OS – 20 
months  

Pattern of relapse 
– disseminated  

 

Radiation necrosis 
in 20 out of 40 
patients  

3D-CRT vs IMRT 
–impact on 
lymphopenia  

Byun et al. 

2019 

(Level III) 

2019 

336 patients of 
GBM 

3D-CRT – 186 

IMRT - 150 

Incidence and 
predictors of 

-Patients with 
ASL showed 
worse outcomes 
(median survival- 
18.2 months 
vs.22 months, 
p=0.022) 

-IMRT associated 
with significantly 

-Retrospective 
non randomized 
comparison 

- Extreme 
radiosensitivity of 
lymphocytes 
likely to make 
impact even with 
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 Author Year Finding Caveat 

acute severe 
lymphopenia 
(ALC <500/µL) 
determined 

lower incidence 
of ASL on 
propensity score 
matching 

-Likely important 
implications in 
the immune-
oncology era 

the low dose bath 
in IMRT  

 

IMRT Gondi et al. 

(Level 3) (NRG 
BN 001) 

2020 

Phase II –RCT  

Treatment group 
1 (Photon 
IMRT) 

SD-IMRT – 
60Gy/30#  

DI-IMRT -
75Gy/30#  

229 patients 
randomised 

No survival 
benefit for DI –
IMRT  

Median OS  

SD –IMRT -16.3 
months 

DI –IMRT -18.7 
months  

Difference non-
significant.  

-Trial 
underpowered to 
detect benefit for 
MGMT 
unmethylated 
tumors  

-Proton results of 
DI- IMRT 
pending  

Particle beam radiotherapy 

Lower Grade Glioma 

Proton Beam 
therapy 

    

 Shih et al. 

(Level 3) 

2015 

20 patients of 
WHO Gd II 
Glioma 

 

PFS  

3 yr. – 85%  

5 yr. –40%  

No cognitive 
decline  

No QOL decline 

-Non 
contemporary 
data post WHO 
2016  

- Small sample 
size  
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 Author Year Finding Caveat 

 Jhaveri et al. 

(Level 3) 

2018 

NCDB data  

Propensity score 
(PS)match  

XRT -49405 

PBT -170 

Median follow up 
-62 months 

PBT patients 
found to have 
superior median 
and 5-year 
survival after PS 
match 

Median – 45.9 vs 
29.7 months 
(p=0.009) 

5 years -46.1% vs 
35.5 % (p=0.01) 

 

Selection bias  

Patients more 
likely (p<0.05) to 
receive PBT if 
lower grade 
(WHO Gd I-II) 
and surgical 
resection 
performed 

Higher grade gliomas 

Proton versus 
IMRT 

Mohan et al. 

(2020) 

(Level 2) 

2020 

Phase II RCT  

XRT -56 pts 

PBT- 28 pts 

Treated with 
concurrent TMZ 

Investigated Gd 
3+ Radiation 
induced 
lymphopenia 

Gd 3+ 
lymphopenia 
significantly 
lower in PBT arm 
(14%) vis a vis 
XRT arm (39%)  

p=0.024 

-Small sample 
size  

- Short follow up  

- Outcomes data 
lacking  

Heavy ion therapy     

Low grade glioma Shih et al. 

(Level 2) 

2015 

20 patients of 
WHO Gd II 
Glioma- 
prospective 
single arm 

PFS  

3 yrs. -85%  

5 yrs. – 40%  

-Small sample 
size  

- No molecular 
data 
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 Author Year Finding Caveat 

 Wilkinson et al. 

(Level 2) 

2016 

58 patients of 
WHO Gd II, 
multicentric  

study 

No Grade 3 
toxicity  

Most common 
Grade 2 toxicity 
–dermatitis – 
19%  

-No outcomes 
data 

High Grade Glioma 

 Mizoe et al. 

 

2007 

48 patients of 
HGG 

AA-16, GBM -
32) 

Concurrent 
Nimustine 

CRT boost –dose 
increased from 
16.8Gy to 
24.8Gy 

No acute Grade 3 
reaction 

Median survival  

AA- 35 months  

GBM – 17 
months  

For high dose 
group 

Median PFS – 14 
months 

Median survival -
26 months  

-Small sample 
size  

- No concurrent 
TMZ data  

- No molecular 
data 

 

• Paediatric tumours  
o Encompass a broad spectrum of histologies with biological behaviour ranging from indolent to fatal. 
o Achieving optimal control challenging when balanced against minimizing the irreversible cognitive and 

endocrine effects of RT on the developing brain.  
o RT techniques typically focus on delivering optimal doses to optimal volumes with minimal irradiation of 

critical neurological structures. 
o High precision techniques and particle therapy find their strongest rationale in the delivery of ionizing 

radiation in paediatric tumours.  
o Ependymoma and medulloblastoma will be discussed as typical examples.  

 

• Paediatric ependymoma  
o May be either supratentorial or posterior fossa – displaying different biological behaviour.  
o Maximal safe resection is the key to long term control.  
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o Anaplastic ependymomas in general and biologically aggressive ependymomas (e.g., Supratentorial RELA 
fusion ependymomas, PF-A ependymomas) in particular require consolidation with adjuvant RT for 
maximizing outcomes.  

o The close proximity of critical structures (e.g., Brainstem) makes a strong case for the usage of high 
precision techniques and particle beam therapy.  
 

 Author  Year  Findings Caveat 
Photon based conformal techniques 

3D conformal 
RT and IMRT 

Merchant et al. 
(Level 2) 

2009 –
Prospective 
study 
122- 
infratentorial 
32- 
Supratentorial 

At 7 years 
OS – 85.0% (74.2-
95.8) 
EFS – 76.9% (63.4-
90.4) 
LC- 88.7% (77.9-
99.5) 
Radiation necrosis-
1.6%  
SPM – 2.3%  

 

Particle beam therapy 
Proton therapy Macdonald et 

al. 
(Level 3) 
 

2008 
17 patients 
retrospective 
analysis 

At median follow up 
of 26 months  
LC-86%  
PFS-80%  
OS- 89% 

Short follow 
up  
Small sample 
size  

 
• Medulloblastoma 
o RT forms an integral part of the curative therapy of medulloblastoma.  
o Irradiation of the entire neuraxis as necessitated in craniospinal irradiation is associated with many 

worrisome and unavoidable late effects (cognitive decline, endocrinopathies, arrested skeletal development 
and second primary neoplasms). 

o High precision techniques and particle therapy form invaluable adjuncts in this regard and provide some of 
the most compelling evidence for the usage of the same in paediatric central nervous system tumours. 
 

 Author  Year  Findings Caveat 
Photon based conformal techniques 

Dosimetric 
comparison- 
3D-CRT, IMRT 
and Helical 
tomotherapy  

Sharma et al. 
(Level 3) 

2009  
 

Superior dose 
homogeneity and 
lower OAR 
maximum and 
mean doses with 
Tomotherapy 

Longer beam on time 
– raises concern with 
intrafraction motion 
and whole body 
integral doses  

Particle beam therapy 
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 Author  Year  Findings Caveat 
Proton beam 
therapy 

Yock et al. 
(Level 2) 
 

2016 
Single arm 
prospective 
phase II study of 
59 patients 

-5 year: 
PFS – 80%  
OS- 83%  
-No cardiac, 
pulmonary or GI 
late effects 
 

-Small sample size  
-No data on 
molecular 
subgrouping  
-Median follow up 
immature for cardiac 
events  

Proton versus 
Photon (IMRT) 

Kahalley et al. 
(Level 3) 

2020 
Longitudinal 
analysis of 
intellectual 
trajectories  
XRT-42 
PBT-37 
 

XRT – exhibited 
significant 
decline in global 
IQ, working 
memory and 
processing speed 
PRT – exhibited 
stable scores in 
all domains 
except 
processing speed  
-significant 
benefit for PBT 
in terms of 
global IQ, 
working memory 
and processing 
speed(p<0.05) 

 

 

• Brain metastases 
o Increasing survivorship in the brain metastases an ever increasing phenomenon with increasingly effective 

therapies.  
o Whole brain RT typically associated with debilitating cognitive deficits.  
o High precision techniques allow for sparing of neural structures performing a critical role in neurocognitive 

pathways (hippocampi) in conjunction with novel pharmacotherapy (memantine). 
o Alternatively, increasing usage of radiosurgery in the presence of multiple metastases represents an 

alternative paradigm which is being shown to be increasingly viable.  
 

 Author  Year Findings Caveat 
Photon based conformal techniques 

IMRT Gondi et al. 
(Level 2) 

2016 
113 patients 
prospectively 
treated with 
Hippocampal 

Mean relative 
decline in 
HVLT-R DR 
from baseline to 
4 months was 

-Heterogeneous 
population 
-Timepoint of 
measurement precedes 
widely accepted timepoint 
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 Author  Year Findings Caveat 
Avoidance 
Whole Brain RT 
(HA-WBRT)-
30Gy/10# and 
compared with 
historical 
controls 

7.0% (95% CI, 
-4.7% to 
18.7%), 
significantly 
lower in 
comparison 
with the 
historical 
control (P < 
.001). 

of beginning of RT 
induced irreversible 
neurological toxicity  

WBRT vs SRS 
for single 
resected brain 
met with cavity 
<5.0cm 

Brown et al. 
(Level 1) 

2017 
Phase 3 RCT 
WBRT-96  
SRS-98 

Longer median 
cognitive 
decline free 
survival (3.7 vs 
3.0 months, HR 
0·47 ,95% CI 
0·35-0·63; 
p<0·0001) 
No significant 
OS difference 

-Heterogeneous 
population 
- Better intracranial 
control with WBRT 
-Poor local control at 1 
year in SRS arm 
- 

SRS versus 
observation for 
1-3 resected 
brain mets 

Mahajan et al. 
(Level 1) 

2017  
Phase 3 RCT 
Observation-68 
SRS -64 

12-month 
freedom from 
local recurrence  
-Observation 
43% (95% CI 
31-59) SRS-
72% (60-87) 
(hazard ratio 
0·46 [95% CI 
0·24-0·88]; 
p=0·015) 

-Heterogeneous 
population 
-Poor local control in 
mets >2.5 cm in size  

SRS vs WBRT 
for 4-15 brain 
mets (Non 
melanoma) 

Li et al.  
(prelim results 
–Level1) 

2020 
Phase 3 RCT 
SRS-36 
WBRT-36 
(memantine 
usage 
encouraged) 
Median number 
of mets -8 

Primary 
endpoint 
Clinical Trial 
Battery 
Composite at 4 
months the 
NCF of patients 
in the SRS arm 
improved on 
average +0.23 
(SE 0.14) and 
the NCF of 

Heterogeneous population 
-Timepoint of 
measurement precedes 
widely accepted timepoint 
of beginning of RT 
induced irreversible 
neurological toxicity 
-Trial not powered 
primarily for survival 
- median time to distant 
brain failure (DBF) was 
4.3 mos for SRS vs.18.1 
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 Author  Year Findings Caveat 
patients in the 
WBRT arm 
declined on 
average -0.73 
(SE 0.35), p = 
0.008 
Median OS  
SRS –
10.4months 
WBRT-8.4 
months 
(p=0.53) 
Median LC at 4 
months 
SRS-100% 
WBRT-95.5%  
p=0.53 

months for WBRT (p = 
0.09)-the viability of the 
strategy thereby 
questionable in real world 
practice 

 

• Skull base tumours 
o Encompass a wide range of histology from the benign to the highly malignant. 
o The close proximity of multiple critical structures often poses an insurmountable challenge to radical surgical 

resection and thereby RT plays a critical role in achieving durable control. 
o Delivery of RT doses poses a significant challenge as the doses required for durable control often exceed the 

tolerances of surrounding OARs (brainstem, optic apparatus). 
o High precision photon RT techniques (IMRT, SRT) and particle beam therapy (PBT, CIRT) offer invaluable 

options to deliver adequate doses with manageable acute toxicity and mitigation of serious late toxicity 
(cognitive decline, endocrinopathy, radiation induced injury to the optic apparatus and brainstem, and 
radiation induced second primary neoplasms). 
 

Pituitary 
adenoma 

Author  Year  Finding  Caveat 

Photon based conformal RT 
SRS Sheehan et 

al. 
(Level 3) 

Retrospective 
analysis  
512 Patients 
treated with GK-
SRS  

5 year  
Local control-95%  

-Short follow up 

Fractionated 
SRT  

Minniti et al. 
(Level 3) 

2006 
Retrospective 
analysis of 92 
patients  
NFPA -67 

5 year  
PFS -98%  
OS -98%  
10 year  
Local control -91%  

-Small sample size  
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Pituitary 
adenoma 

Author  Year  Finding  Caveat 

Secretory 
adenoma- 25 

IMRT Gaikwad et 
al. 
(Level 3) 

2018 
50 patients of 
pituitary 
adenoma 
prospectively 
treated with 
hippocampal 
sparing IMRT 

-No decline in 
neurocognitive and QOL 
scores at 18 months  
-Possible to reduce 
bilateral hippocampal dose 
to 10Gy approx. 

-Small sample size  
- Short follow up 
- Important to remark 
on baseline low 
scores 

Particle Beam Radiotherapy 
Proton Watson et al. 

(Level 3) 
2014 
Retrospective 
analysis of 165 
patients of FPA  
SRS -92%  
FSRT -8%  

Median follow up-43 
months  
Tumour control (140 pts) -
98%  

Hypopituitarism 
significant  
3 year -45%  
5 year – 62%  

 

Craniopharyngioma Author  Year  Finding  Caveat 
Photon based conformal RT 

IMRT Greenfield 
et al. 
(Level 3) 

2015 
Retrospective 
analysis of 24 
patients  

PFS  
5 yr. –65.8%  
10 yr. – 60.7%  
Cystic PFS  
5 yr-70.2%  
10 yr-65.2%  
Solid PFS  
5 yr-90.7%  
10 yr. -90.7% 
 

-Small 
sample size 
 
 

Particle Beam Radiotherapy 
Proton     
IMRT vs PBT Bishop et 

al. 
(Level 3) 

2014–
Retrospective 
comparison 
IMRT-31 
PBT-21 

Tumor control 
and survival 
equivalent  
Non-significant 
increase in cyst 
growth in IMRT 
arm (42% vs 19%, 
p=0.082) 

- Small 
sample size 
-Limited 
follow up – 
3-year 
outcomes 
reported  
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Cyst growth in 
turn associated 
with significant 
visual and 
hypothalamic 
toxicity 

- No late 
toxicity 
data  

Proton  Rutenburg 
et al. 
(Level 3) 

2020- 
Retrospective 
analysis of 14 
patients  

3 yr.  
Local control -
100%  
Overall survival -
100%  
No grade 3 acute 
or late toxicity  
No RION 

-Small 
sample size  
- Immature 
follow up 

Meningioma Author  Year  Finding  Caveat 
Photon based conformal RT 

FSRT and IMRT Combs et al. 2013 
FSRT-376 
IMRT-131 
 

Overall LC 
5 yrs. -95%  
10 yrs. -10%  
Benign 
meningioma 
10 yrs. -91%  
High Risk 
meningioma  
5 yrs. –81% 
10 yrs. – 53% 
 

  

IMRT Pant et al. 
(Level 3) 

2018-Retrospective 
analysis of atypical 
meningioma 
51- adjuvant RT  
30- Salvage RT  

Post RT PFS at 
5 years  
Adjuvant – 69%  
Salvage -28%  
p<0.001 

-No 
molecular 
profiling 
data 
-Small 
sample size 
 

IMRT and 3D-CRT Rogers et al. 
(Level 2)-
Intermediate 
risk stratum 
of RTOG 
0539 

2018- 
Prospective level 
II trial  
48 patients  

3 yr. PFS-
93.8%  
Significant 
improvement 
over historical 
controls 
No grade 3 AE 
s  

-No molecular 
data  
-Small sample 
size 
- Historical 
control rates with 
GTR +RT -90%  
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IMRT Rogers et al. 
(Level 2)-
High risk 
stratum of 
RTOG 0539 

2020- 
Prospective level 
II trial  
53 patients 

3 yr.  
LC – 68.9% 
PFS –59.2%  
OS-78.6%  
One Grade 5 
Necrosis 
related AE 

-No molecular 
data  
-Small sample 
size 
 

Particle Beam Radiotherapy 
Proton Murray et al. 

(Level 3) 
2017 
Retrospective 
analysis of 96 
patients 

5 yr.  
LC-86.4% 
OS-88.2% 
≥Gd 3 toxicity 
free survival-
89.1% 

Median PTV -
123.4cc (Range – 
4.6-1142 cc) 
Careful case 
selection of 
utmost 
importance  

Carbon ions Combs et al. 
(Level 3) 

2010 
Phase I/II trial of 
10 patients with 
high risk 
meningiomas 
 

Local control 
5 yrs. –86% 
7 yrs-72% 

-Small sample 
size 
-Lack of 
molecular data 

Proton and Carbon ions Combs et al. 
(Level 3) 

2018 
Retrospective 
analysis of 110 
patients of skull 
base 
meningiomas 
PBT -104 
CIRT-6 
 

Overall 
outcomes at 5 
years 
PFS -96.6% 
OS-96% 
Risk stratified 
outcomes at 5 
years  
Low risk –
96.6% 
High risk – 
75%  

 

 

• Reirradiation 
o Increasing survivorship and better outcomes contributing to increasing numbers of patients being eligible for 

reirradiation.  
o Careful attention to volumes, dose fractionation and technique can lead to durable improvements in disease 

related outcomes and quality of life.  
o High precision techniques and particle therapy offer a big edge in terms of normal tissue sparing and focused 

delivery of tumoricidal doses and constitute a de facto standard of care. 
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Pituitary 
adenoma 

Author  Year  Finding  Caveat 

Photon based conformal RT 
Diffuse gliomas 

IMRT Maitre et 
al. 
(Level 3) 

2020 
Prospective study of 60 
patients of 
recurrent/progressive 
glioma treated with Re 
RT  

1-year post Re RT  
PFS – 45.1% (31.5–
58.7%) 
OS - 62.2% (49.2–75.2%) 
stable QOL (preserved 
functional domains and 
reduced symptom burden) 
and improvement in ADL 
(greater functional 
independence) 

-Heterogeneous 
population  
 

SRS 
FSRT 
IMRT 

Shanker et 
al. 
(Level 1) 

2018 
Systematic review of 70 
articles and 3302 
patients of reirradiation 
in recurrent High grade 
gliomas 

Adjusted OS  
Conventional RT – 8.9 
months (95% CI, 8.4–9. 
FSRT- 10.1 months (95% 
CI, 9.7–10.5) 
SRS- 12.2 months (95% 
CI, 11.8–12.5) 

Bias – cases with 
smaller volumes 
usually taken for 
SRS /FSRT  
Necrosis rates higher 
with FSRT and SRS  

Ependymoma 
IMRT 
PBT 

Tsang et al. 
(Level 3) 

2018 
101 cases of recurrent 
ependymoma 

For all patients post Re RT 
5-year survival – 57%  
Distant only failure  
5-year OS -76%  
10-year incidence of Gd 3 
radiation necrosis – 7.9%  

 

IMRT  Gupta et al. 
(Level 3) 

2020 
Retrospective analysis 
of 55 patients of 
recurrent ependymoma 

3-year outcomes post Re 
RT 
PFS -40%  
OS -51% 
Symptomatic radiation 
necrosis – 3.5%  

 

Medulloblastoma 
IMRT Gupta et al. 

(Level 3) 
2019 
Retrospective analysis 
of 28 patients of 
recurrent ependymoma 

2 yr. post Re RT 
PFS –46%  
OS- 51% 

-Small sample size 
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Chapter 3: Head and Neck cancer 
Dr. Shwetabh Sinha, Dr. Monali Swain, 

 Dr. Ashutosh Mukherjee, Dr. Ashwini Budrukkar, Dr. Sarbani Ghosh Laskar  

• Introduction 
o Head & Neck cancers pose a global challenge that plagues both the East and West, accounting for an 

estimated 350, 000 new cases and 177,000 deaths as per GLOBOCAN 2018.  
o While the western world has seen an emergence of HPV associated oropharyngeal cancers as a 

predominant entity, in countries like India and other parts of south-east Asia tobacco related cancers 
(particularly oral cancers) constitute the majority of the case load.  

o Another variance in the epidemiology of these cancers is the stage at presentation with more than 80% 
cancers in LMICs presenting in an advanced stage.   

o The survival of Head & Neck cancers has improved across the globe from a dismal 5-year survival rate 
of 20-60% in the 1980s to 50-80% in the recent years. This can be partly attributed to the growing 
incidence of HPV associated oropharyngeal cancers which are known to have a better prognosis than 
their HPV negative counterpart.  

o In the developing world, the improvement in survivorship can be mainly attributed to an improvement 
in the existing therapeutic modalities: surgery, radiation therapy (RT) and chemotherapy along with an 
improvement in access to care and infrastructural reforms.  

o RT alone or as a part of multi-modality management is required for approximately 60-90% of HNSCC 
patients treated with curative intent.  

o Technological advancements in RT for HNSCC include evolution in the imaging and target delineation 
with integration of multimodality image fusion, improvements in the planning process including 
optimization algorithms and dose calculation algorithms, improvements in delivery technology like 
IMRT, VMAT and tomotherapy and improvements in treatment verification.  

o While improvements in photon-based treatments have been the focus over the past three decades, 
simultaneously there has been an emergence of particle therapy (protons and carbon ions) for clinical 
use. It is estimated that nearly 20-30% of patients of Head & Neck cancers can benefit from particle 
therapy.  
In the subsequent sections of this chapter, we discuss these technological advancements with a focus on 
the outcomes and future perspectives in radiation therapy for Head and Neck cancers. 

 

• Technological advancements in immobilization, target delineation and contouring  
o An individualized thermoplastic sheet (3 points, 4 points or 5 points) is now the standard method for 

immobilization for HNSCC at most institutes.  
o As compared to older methods like plaster of Paris, the thermoplastic sheet reduces setup errors to as 

low as 0-3 mm in all axes.  
o Newer immobilization methods like the aquaplast mask may further help in reducing this error. 
o The most common planning employed for HNSCC is CT based planning which is essential for IMRT 

and related techniques and for adaptive planning.   
o Recently, MR based systems have been increasingly utilized for RT planning. Most commonly, this 

involves the fusion of the planning CT image with an MRI image of the same patient, preferably in the 
treatment position.  
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o Advantages of MRI include better soft tissue delineation and true three-dimensional imaging allowing 
the fusion of even coronal and sagittal sequences.  

o As the head and neck region is relatively less prone to image registration errors organ motion MRI fusion 
using non-deformable and deformable algorithms allow for seamless propagation of the target volume 
to the CT image.  

o MR planning is highly encouraged in all paranasal sinus tumors for accurate target volume delineation 
and differentiation reactive sinusitis from disease and in nasopharyngeal cancers with intracranial 
extension.  

o During the early to mid-2000s, MR simulators were introduced for RT planning.  
o While the initial models required the generation of a synthetic CT by merging the MR planning and CT 

planning images, more recently stand-alone MR simulators have been developed. These stand-alone MR 
simulators may further limit the uncertainties associated with image co-registration while providing the 
same advantages as with MR image fusion.  

o The incorporation of functional MR imaging into RT planning such as diffusion-weighted MR sequences 
for dose painting is an exciting avenue that is being explored. 

o In the current era, PET-CT forms an integral part for the management of Head & Neck cancers.  Besides 
its role in staging and response assessment, dose painting using various isotopes has been explored in 
various studies. PET-CT image fusion/ co-registration during target delineation can help to differentiate 
tumoral spread from reactive inflammation.  

o Also, PET-based planning using various isotopes has been used as prognostic surrogate for escalation 
and de-escalation strategies and individualizing treatment.  

o The ability of modern planning systems enabling the import, fusion and co-registration of multiple 
imaging modalities (CT scan, MRI and PET-CT) ensures greater certainty in the target as well as organ 
at risk delineation. 
 

• Auto contouring and image propagation 
o Various auto contouring algorithms have been proposed for OARs of the Head and Neck region. Most 

commercial based systems employ Atlas Based Contouring Systems (ABAS). The concordance of these 
systems with manual contours although acceptable still leaves room for improvement {Dice similarity 
coefficient (DCE): 0.4-0.7}.  

o Recently, Deep Learning Contouring (DLC) neural networks that have been trained according to manual 
contours have been developed. The concordance of these contours is better and the dose reproducibility 
has also been found to be improved as compared to ABAS (DCE~0.8). 
 
 

• Planning     
o IMRT (where available) is now considered as the standard of care for HNSCC.  
o Recently, most IMRT treatment is delivered with Volumetric Modulated Arc Therapy (VMAT) rather 

than static fields. The advantages of VMAT include shorter treatment and better dosimetry in certain 
situations albeit at the cost of delivering higher Monitor Units (MUs).  

o During the mid-2000s, helical IMRT with tomotherapy was introduced which combined translational 
couch movement with a 6 MV linear accelerator equipped with binary MLC. Helical Tomotherapy 
enables treatment of complex volumes lying in the vicinity of critical organs at risk such as tumours of 
the skull base and Paranasal sinus region. 
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o Knowledge-based planning refers to utilizing libraries of existing patient plans to create models that 
predict the amount of organ-at-risk (OAR) sparing that can be achieved for a new patient, based, for 
example, on planning target volume (PTV)-OAR distance and overlap.  

o Being able to rationally predict OAR dose-volume histograms (DVHs) could remove the need for 
performing interactive optimization or multiple iterative optimizations and could increase consistency in 
treatment planning.  

o In the head and neck region with relatively rigid OARs the early experience with knowledge-based 
planning has been exciting and, in some patients, has reduced the time required for planning by > 75%. 

o The Monte Carlo dose calculation method is the most accurate algorithm and has always been used as 
the benchmark dose distribution algorithm with which to compare the results of other less-computer-
intensive dose calculation methods.  

o The advent of algorithms such as ACUROS (Varian Medical System) gives dose distribution which is 
in line with Monte Carlo algorithm with >95% concordance while being significantly less computer 
intensive. This is of clinical relevance in regions with tissue air interface within the target volume such 
as the nasopharynx and PNS.    
 

• Delivery and Imaging 
o Image verification before each fraction is essential for execution of modern precision radiotherapy.  
o Perhaps the most path breaking discovery in this regard was the integration of kilovoltage imaging 

system capable of radiography, fluoroscopy, and cone-beam computed tomography (CT) with a medical 
linear accelerator by Jaffrays in 2002.  

o Stringent image guidance protocols in tumors in the vicinity of critical OARs like optic apparatus, brain 
stem and spinal cord is critical for both disease control as well as toxicity. Furthermore, the significance 
of CBCT lies in adaptive RT for cancers of this region enabling oncologists to account for phenomenon 
like weight loss, tumor shrinkage and flap shrinkage through the course of treatment.  

o It has also allowed for reduction in planning target volumes, further enabling an improvement in the 
therapeutic ratio.  

o It is estimated that with 2 adaptive planning in a routine course of head and neck radiation treatment the 
mean absorbed dose to the parotids and the maximum absorbed dose to the brainstem and spinal cord 
can be brought down by 10-30%. 

o The integration of MRI into a linear accelerator (MR-LINAC) has opened exciting new possibilities for 
the treatment of Head & Neck cancers. Besides the obvious benefit of better image verification quality 
for many tumors, there is the potential for assessing the response to radiation by comparing functional-
MRI sequence like Diffusion Weighted Imaging (DWI) and Apparent Diffusion Coefficient (ADC) 
mapping just before and treatment. This can be used to identify potentially hypoxic/ radio-resistant areas 
which may be boosted with further doses of radiation. 
 

• NTCP modelling   
o While earlier dose, volume and toxicity models like those proposed by Emami et. al. and QUANTEC 

gave an estimate of the anticipated toxicities with a particular dose, most of the data were from the pre-
IMRT era and involved discreet dose-volume parameters rather than continuous values and were based 
on relatively simpler biological models.  
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o Many modern NTCP models are based on the Lyman-Kutcher-Burman model, utilizing the accumulated 
dose instead of the planned dose and have been generated using a large volume of datasets and intensive 
computing.  

o In head and neck cancers, such models have been proposed for xerostomia, brain necrosis, 
hypothyroidism and dysphagia/ aspiration.  

o While widespread availability and implementation into routine clinical practice is still elusive, these 
models are likely to be extensively used in the future for a personalized radiation oncology approach (for 
e.g.: selecting patients for proton therapy rather than IMRT) 

o The role of Artificial Intelligence (AI) continues to evolve to improve the quality of radiation oncology 
in HNSCC. The applications of AI include decision support tools that combine clinical, genomic and 
radiomic data for personalized medicine including dose prescription to target and OARs, automated 
tumor/ OAR segmentation, an automated streamlined planning process, enhanced image guidance 
protocols and prediction of response and toxicity.    
 

• Proton Therapy   

o In many western countries, proton beam therapy is recommended as the treatment of choice for 
nasopharyngeal carcinomas. Although there still is a lack of level I evidence in this regard, this 
recommendation is based on multiple studies showing lesser feeding tube dependency rates, lesser 
hypothyroidism and xerostomia with equivalent disease control rates as compared to IMRT.  

o Other sites where proton beam therapy has shown promising results are salivary gland tumors, anterior 
and lateral skull base tumors and in the re-irradiation setting. 
 

• Clinical Outcome: Survival 
o A published systematic review by Gupta et. al. comparing 2-dimensional radiotherapy (2D-RT) and 3-

dimensional conformal radiotherapy (3D-CRT) with IMRT across 7 randomized trials did not show any 
significant improvement in terms of local control (LC) or overall survival (OS) overall for HNSCC.  

o However, in nasopharynx cancer, IMRT has shown to improve survival as well as reduce late toxicities. 
The randomized control trial (RCT) by Peng et al. in 2012 showed that IMRT is beneficial in terms of 
better local control (6.7%), regional control (7.7%) and overall survival (12.5%) compared to 
conventional technique in nasopharyngeal cancer patients, especially in T4 disease (local control 80% 
vs 62.2%).   

o Another systematic review and meta-analysis by Zhang et al. included 3750 patients, compared IMRT 
with 2D-RT or 3D-CRT. The IMRT group was associated with a better 5-year OS (OR = 1.51; 95% 
confidence interval (CI) 1.23–1.87; p = 0.0001), and tumor LC (OR = 1.94; 95% CI 1.53–2.46; p < 
0.00001).  

o For Paranasal sinus tumors, although there is no level I evidence, it is generally accepted that IMRT is 
associated with improved survival as compared to conventional techniques. The study by Suh et al. 
showed better 3-year locoregional recurrence-free survival (89.2% vs 59.5%; p = .035) and distant 
metastasis-free survival (94.7% vs 55.3%; p = .042) rates than 3D conformal RT. In another comparative 
study by Dirix et al., IMRT resulted in significantly improved disease-free survival compared to 3D-
CRT (60% vs. 72%; p = 0.02) without any grade 3 or 4 toxicity in the IMRT group. Additionally, 
adequate experience of IMRT technique was important and survival is also function of case volume.  
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• Clinical Outcome: Toxicity 
o While achieving tumor control and better survival, toxicity remains the major concern. xerostomia, 

dysphagia, aspiration, pain, fibrosis and second malignancy are some of the most debilitating persistent 
late toxicity of treatment of HSNCC.  

o Multiple RCTs have confirmed that IMRT can reduce xerostomia as compared to conventional 
techniques. A recent systematic review and metanalysis of 7 RCTs by Gupta et. al. including 1155 
patients, directly compared IMRT with 2D-RT or 3D-CRT with primary objective of reduction of 
xerostomia. The results favored IMRT with 36% relative risk reduction of acute xerostomia and 
significant reduction of ≥ grade 2 late xerostomia. 

o Besides parotid gland, submandibular gland plays an important role in preventing dry mouth contributing 
to 90% of unstimulated salivary output. A prospective dose modeling study has shown that every 1Gy 
reduction in mean dose below 54Gy, there is 2-2.5% reduction in the probability of severe xerostomia. 
Reports suggest that sparing of contralateral submandibular gland lead to decrease in ≥ grade 2 
xerostomia and less requirement of salivary substitute. However, one should be cautious while sparing 
the submandibular gland due to proximity of lower level II lymph node which may compromise the 
tumour control. 

o Dysphagia is one of the distressing symptoms observed in about 50% of patients post chemo-
radiotherapy leading to aspiration and subsequent pneumonia. Swallowing dysfunction also leads to 
dietary changes, nutritional deficiency, long-term feeding tube dependence and poor quality of life of 
patients and caregivers. There are several dosimetric studies correlating doses to different Dysphagia 
Aspiration Related Structure (DARS) structures and severity of dysphagia. The systematic review of 
different studies demonstrated that the mean dose the pharyngeal constrictors is the most important 
dosimetric predictor of late dysphagia and reducing the mean doses to the noninvolved pharyngeal 
constrictor muscles from 61–64Gy to 52–55Gy resulted in better swallowing function.  

o The phase III RCT by Nutting et al. compared dysphagia optimized IMRT (DO-IMRT) versus standard 
IMRT (S-IMRT) is the first randomized trial demonstrating DO-IMRT reduced RT doses to DARS and 
improved patients swallowing scores. But sparing constrictors may lead to compromise on target 
coverage and geographic miss.  

o Besides xerostomia and dysphagia, IMRT has also led to improvement in other toxicities like dysphonia, 
osteoradionecrosis, ophthalmic and auditory complications. In the randomized phase III study comparing 
IMRT versus 3D-CRT for 616 patients of the nasopharynx, Peng et al., showed that hearing loss occurred 
in 25.8% of patients after IMRT versus 84.5 % patients after two-dimensional radiotherapy (p <0.001). 
Peng et al. also showed that rate of trismus and fibrosis were 3.3% and 2.3% after IMRT as compared 
to 13.9% and 11.3% after two-dimensional radiotherapy (p <0.001).  

o In the RCT comparing IMRT vs 3D-CRT, Gupta et al. also found a significant improvement in fibrosis 
at 2 years after IMRT compared to three-dimensional conformal radiotherapy (p = 0.005).  

o IMRT has the potential to decrease dose to mandible especially V50, hence the chance of reduction of 
osteoradionecrosis.  

o The reported rates of late optic retinopathy and blindness were significantly reduced from 29 to 9% with 
2D, 3D-techniques to negligible (< 5%) with IMRT, along with rates of other late ocular toxicities 
including keratoconjunctivitis, xerophthalmia that were also observed in less than 10% in majority of 
the cohorts. 

o Radiation induced laryngeal oedema leads to dysphonia and QUANTEC cut-off for laryngeal edema is 
< 44Gy (Dmean) or V50 < 27%. Radiation dose of >66Gy to false cord and lateral pharyngeal wall at the 
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level of false cord is associated with steep decrease in speech related quality of life. The prospective 
study of IMRT for oropharyngeal cancer treated with chemo-radiation by Vainshtein et al. showed that 
dose to glottis larynx should be kept as low as reasonably achievable and preferably to <20Gy to improve 
voice quality. 

o Although IMRT with image guided radiotherapy (IGRT) has been able to improve survival and reduce 
toxicity, the anatomic changes in the patient due to weight loss or the volumetric and spatial changes of 
the target volumes and organs-at-risk (OAR) due to response to treatment may lead to a change in the 
actual dose received by the patient.  

o Adaptive radiotherapy (ART) has been able to address the issues taking care of over dosage of OAR and 
under dosage of target. For OARs, studies have shown that parotids shrinking may lead to over dosage 
of parotid than planned and subsequent increase in xerostomia. In a study, it was shown that about 60% 
of the parotids are overdosed by 4Gy during radiotherapy and weekly replanning decreased the mean 
parotid dose by 5Gy, and therefore the xerostomia risk by 11%.  

o Recent advancement in ART is magnetic resonance imaging (MRI) guided ART for better visualization 
of soft tissue changes. The upcoming MARTHA trial is a prospective trial attempting to assess if the use 
of daily MRI imaging and weekly plan adaptation will benefit xerostomia in patients receiving RT for 
HNSCC. 
 

• Charged Particle therapy: 
o The unique physical property of steep dose gradient with reduced integral dose of charged particle 

therapy is best suited for head neck cancers due to the intricate anatomy and proximal location of critical 
organs. Despite the radiobiological effectiveness (RBE) of 1.1 which suggests practically similar 
physical properties as photons, the exploitation of the Bragg peak, where there may be a higher linear 
energy transfer (LET) towards the end may lead to a higher RBE. 

o A recent study by Proton Collaborative Group showed 3-year freedom from locoregional recurrence 
(FFLR) rate and OS of 93% and 100% in patients treated for de novo and recurrent sinonasal cancers. 
There was no vision loss or symptomatic brain necrosis. Late toxicity was observed in 15% patients with 
no grade 3 or higher toxicity.  

o Another recent study by Fan et al. showed the 2-year LC, disease free survival (DFS) and OS of 83%, 
74% and 81%, respectively for radiation-naive patients with less toxicities compared to historic cohorts.  

o In the systematic review and metanalysis comparing charged particle versus photon for sinonasal 
carcinoma, pooled 5-year overall survival was significantly higher for charged particle therapy than for 
photon therapy (relative risk 1·51, 95% CI 1·14-1·99; p=0·0038). The subgroup analysis comparing 
proton therapy with IMRT showed significantly higher 5yr DFS (relative risk 1·44, 95% CI 1·01-2·05; 
p=0·045) and LRC at longer follow-up (1·26, 1·05-1·51; p=0·011).  

o Similarly, matched case control study and retrospective studies have shown lower feeding-tube 
dependence with IMPT compared to IMRT (20% vs 65%, p=0.02) in nasopharyngeal carcinoma.  

o Proton therapy is being increasingly used in reirradiation setting and showing better toxicity profile and 
acceptable treatment outcomes. 
 

• Conclusion 
• With the supporting evidence, there is clearly superiority of IMRT with IGRT in terms of outcome and 

toxicity for HNSCC.  
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• Particle beam therapy may further improve the outcomes and toxicity profile and may possibly become 
the preferred modality for specific subsites within the head neck in future.  

• Accurate target delineation and delivery of radiotherapy remains to be the cornerstone for achieving the 
best possible therapeutic ratio.  

• The implementation of advanced technology like machine learning, artificial intelligence and 
knowledge-based planning into routine clinical practice can further improve outcomes for head and neck 
cancers.  
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Chapter 4: Breast Cancer 

Dr. Rima Pathak, Dr. Revathy Krishnamurthy,  
 Dr. Tabassum Wadasadwala, Dr. Rajiv Sarin 

• Introduction 
o Breast cancer is among the commonest cancers in women in most parts of the world including India.  
o Majority of breast cancer patients require radiation therapy (RT), either in the adjuvant or palliative 

setting.  
o Older studies have shown that while RT reduced breast cancer specific mortality, its benefit was partially 

offset by an increase in the deaths from radiation induced long term cardiovascular toxicity.  
o Significant advances have been made to reduce radiation dose to the heart, lung and opposite breast while 

delivering adequate doses to the target volumes. 
 

• Bi-tangential 3D-CRT planning 
o Post operative radiotherapy after Breast Conserving Surgery (BCS) or mastectomy involves 2D/3D 

planning using surface and radiological anatomy-based landmarks and delivered with bi-tangential 
portals with or without wedges for Breast or Chest Wall (CW).  

o When indicated, the Supraclavicular fossa (SCF) is treated with an anterior field matched to the 
tangential portals and in cases requiring axillary RT, the anterior SCF field was extended along with a 
small posterior field to boost the mid axillary dose.  

o For the Internal Mammary Chain (IMC) RT can delivered with a variety of techniques ranging from 
direct anterior photon or electron field to complex matching fields.  

o The bi-tangential beam arrangement provides adequate target coverage of the breast /CW in the majority 
of the cases with maximal sparing of lungs and remains the preferred field arrangement even in the IMRT 
era. 

o However, in some patients, there are specific dosimetric or clinical issues with the use of bi-tangential 
portals with or without regional nodal irradiation as outlined below.  
 

Clinical challenges Technological solutions 

Dose homogeneity in the entire breast, 
more so in large breasts. Even a 5-10% 
increase in the prescribed dose or dose 
inhomogeneity can significantly impact 
cosmesis and QoL. 

Preferred Solution 
• FiF-IMRT 
• Inverse planned IMRT 

 
Optional solution 

• Partial Breast RT if suitable as per clinical 
characteristics 

• Prone Breast Technique 

Excessive cardiac dose in left sided breast 
cancers, especially if the cardiac anatomy 
is unfavourable.  

Preferred Solution 
• Cardiac shielding by blocks or multi-leaf 

collimators 
• Deep Inspiratory Breath Hold technique 
• Partial Breast RT 
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Clinical challenges Technological solutions 

Optional Solution 
• Inverse planned IMRT 
• Proton Therapy 

Controlling cardiac dose when IMC is to 
be irradiated 

Preferred Solution 
• Partially wide tangents 
• Deep Inspiratory Breath Hold (DIBH) technique 

Optional Solution 
• Inverse planned IMRT 
• Proton Therapy 
• Cardiac Gating along with DIBH 

Dose homogeneity in the junction region of 
bi-tangential breast / CW fields and SCF or 
IMC fields. This is critical in ultra 
hypofractionated regimens. 

Preferred Solution 
• Mono-isocentric Technique 
• Gap of 0.5 to 1 cm between the bitangents and 

the SCF 
• Half beam block in all fields to eliminate 

divergence 
• Couch rotation of 5-7 degree in the tangents to 

make superior border non-divergent 
Optional Solution 

• Inverse planned IMRT eliminates junctional 
issues 

• Tomotherapy 

Boost for deep seated tumour bed in large 
breasts or use of Simultaneous integrated 
boost (SIB) with whole breast RT 

Preferred Solution 
• Photon boost using 3D-CRT 
• Inverse planned IMRT 

Optional Solution 
• Interstitial brachytherapy 
• High energy electrons in select cases if certain 

breast position or compression reduces the depth 

Simultaneous irradiation of bilateral breast 
or chest wall  

Preferred Solution 
• Tomotherapy 
• Inverse planned IMRT with partial arc with 

immobilization on vacuum bag 
Optional Solution 

• Gap of 0.5 to 1 cm between the bitangential 3D-
CRT or IMRT plans for both the breasts/ chest 
wall to minimise junctional hotspot 
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Clinical challenges Technological solutions 

Patients with restricted arm movements not 
allowing arms to be moved away from the 
path of the tangential fields  

Preferred Solution 
• Inverse planned IMRT with partial arc with 

immobilization on vacuum bag where the arc 
angles are limited at the arm 
Optional Solution 

• Chest wall RT can be given with electrons if the 
chest wall is relatively flat and coverage beyond 
mid axillary line is not required 

• Proton Therapy 

Skin folds within the breast or the regional 
nodal fields  

Preferred Solution 
• Minimize folds by change in incline of the 

breast board or change in the arm position or 
using prone position 
Optional Solution 

• Contour the folds and limit the dose to <90% 
with Fif or inverse planned IMRT 

Reirradiation  Preferred Solution 
• Whole breast or CW RT with Fif or inverse 

planned IMRT to keep the cumulative OAR 
doses within acceptable limits 

• Partial breast RT with IMRT or brachytherapy 
Optional Solution 

• Chest wall reirradiation with Electrons, 
Interstitial or surface mould brachytherapy 

• Proton therapy 

 
o The technological solutions to overcome these challenges require standardisation and quality assurance 

in treatment planning and delivery techniques that are more complex than those used traditionally.  
o The increasing complexity of procedures and recognition of manual errors in different steps of treatment 

planning and delivery has led to wider adoption of automation as a means for making various processes 
efficient and reproducible.  
 

• Target visualization and contouring aids 
o Contouring of breast or chest wall and regional nodal areas, based on direct visualization or anatomical 

landmarks does not pose a problem in most cases.  
o However, accurate and reproducible contouring of the tumour bed after BCS, especially in the 

oncoplastic era, is a frequently encountered issue. Even the visualization of the breast tissue is difficult 
in some patients and may lead to inaccuracies in contouring.  
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o Moreover, there are discrepancies between commonly used contouring guidelines with respect to extent 
of the CTV contour of the breast or the chest wall introducing a systematic difference which can impact 
the outcome.  

o At our centre, based on our unpublished data on the patterns of recurrence, we have adopted the ESTRO 
contouring guidelines with a minor modification where we include the pectoralis major and minor in the 
CTV contour for locally advanced breast cancer patients irrespective of the involvement of the pectoralis 
muscle status at the baseline. 

o The delineation accuracy for the cases with lower cavity visualization score can be improved with the 
aid of additional imaging like preoperative CT scans, post-operative magnetic resonance imaging (MRI) 
or ultrasonography.  

o The preoperative images can be co-registered with the postoperative images in rigid or deformable 
manner to aid in contouring. With the increasing data on the safety of oncoplastic techniques, more 
patients are undergoing these complex procedures that may involve repositioning the breast tissue to fill 
the surgical defect and give the patient better cosmetic outcome.  

o Various groups have emphasized the importance of preoperative imaging, surgical clip placement and 
the operating surgeons’ involvement in the cavity delineation for such cases. This too is not devoid of 
fallacies as the clips are known to migrate leading to expanded tumor bed volumes. 

o  To overcome such issues a 3D bioabsorbable spiral marker assembly (BioZorb®) has been developed 
which has shown to improve the accuracy and also potentially improves the cosmesis by filling the 
cavity.  

o For more complex tissue repositioning, 1–3 ml of hyaluronic acid hydrogel injection into the breast to 
mark the tumour bed along with the surgical clips at the base has shown to improve tumour bed visibility. 
The long-term stability of the gel in the breast is however not known. 

o MRI simulators have an advantage of allowing MRI acquisition in the treatment position and this can 
seamlessly integrate with the treatments on MRI- LINAC platforms. MRI can specifically be 
advantageous in patients planned for receiving partial breast irradiation with ultra-hypofractionated 
doses as it helps in improving visualization of the tumor bed and clips.  

o This has also garnered utility in the neoadjuvant setting for very early breast cancers, inoperable tumors, 
patients refusing surgery etc. MR radiomics in breast cancer is also being explored as a non-invasive 
biomarker with diverse endpoints such as treatment response and survival.  

o Despite these possible advantages, MRI-simulators and MRI-LINACs have not gained wide acceptance 
as the treatment planning and delivery pose special challenges compared to the traditional LINACs.  

o These include the deformation produced by the receiving coil, degradation of the image away from the 
coil, motion artifacts, magnetic field contour distortion, increased geometric inaccuracies in the part of 
the image away from the isocentre, electron return and electron stream effects, fixed treatment couch 
among others. 
 

• Organs at risk delineation aids 
o The most commonly delineated organs at risk for a case of breast cancer are the contralateral unaffected 

breast, bilateral lungs, the heart and its substructures, the esophagus, the ipsilateral brachial plexus, the 
spinal cord, the thyroid and the liver. Hounsfield based auto-contouring tools are available for some 
organs like the lungs.  

o But for the rest, manual contouring is advised unless a local library or atlas of contours is made available 
to aid auto contouring. Many centres around the world are evaluating the possibility of improving the 
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auto-contouring ability by deep learning to further minimize the need for manual intervention and to 
reduce the time taken to generate and post process these contours.  

o Auto contouring tools help to minimize the time taken for delineation and can potentially reduce the inter 
and the intra-observer variation. This can be of great advantage for institutes with greater caseload. 
Breast RT planning traditionally does not require the use of iodinated contrast. However, for cases where 
the left anterior descending artery or brachial plexus is not visualized well, breath hold and or contrast-
enhanced images can aid in delineation. 
 

• Field-in-field Intensity modulated Radiation Therapy (Fif-IMRT) 
o Several studies have reported increased rates of breast fibrosis, fat necrosis and impaired cosmesis due 

to dose inhomogeneity and large areas of overdose, especially in large breasted women.  
o The Fif-IMRT also called the Forward planning IMRT has emerged as an effective and simple tool to 

correct such dose inhomogeneities. In this technique additional beams with MLCs are introduced in a 
stepwise manner to shield the hot volume and thus help in creating homogenous plans.  

o Reducing the hot volume not only leads to improved cosmetic outcome but also reduces the acute skin 
toxicities leading to fewer unplanned treatment breaks. More commonly 1-2 pairs of subfields help to 
achieve the target homogeneity.  

o Delivery of multiple field RT can be made more efficient by using the merging of subfield function 
which makes the MLCs move dynamically reducing the treatment time. Planning time can be reduced 
by automated single click breast planning with iterative optimization that mimics human planning 
processes. This can reduce the planning time from about 25 to 5 minutes.  
 

• Mono-isocentric Technique 
o Since most patients in developing countries present with advanced disease, addition of supraclavicular 

(SCF) region with or without axillary region in the target volume is common. This leads to introduction 
of field junctions. In rare instances, errors in field matching may result in radiation induced brachial 
plexopathy (RIBP).  

o The other causes for RIBP are changes in the inter and intrafraction treatment position. The intrafraction 
position change (arm overhead and arm by the side) leads to systematic overdosing and should NEVER 
be used. A gap of 5-10 mm commonly used between SCF and tangential fields can sometimes result in 
underdosage of infraclavicular nodes or eccentrically located high UIQ tumour bed.   

o Field junctions when matched on skin can produce hot volume at depth due to beam divergence. There 
are several techniques that help address this issue and the most commonly employed technique is 
avoiding collimation of tangential fields with half beam block of the SCF and tangential portals or couch 
rotation of 5-7 degree.  

o The ideal solution is to keep a single-isocentre at the junction of SCF and tangential in the mono-
isocentric technique (MIT) which not only eliminates beam divergence but also reduces the errors in 
field matching. This is also a time-efficient technique since manual intervention is not required between 
the fields.  
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• Inverse-planned IMRT (Inv-IMRT) 
o In most cancer treatments, Inv-IMRT has been employed to achieve dose escalation and better sparing 

of OARs. However, in breast cancer RT, it has mainly helped to improve the homogeneity in cases where 
this may not be achieved with other techniques including Fif-IMRT.  

o Inv-IMRT has demonstrated dosimetric superiority in plans incorporating regional nodal irradiation, 
simultaneous integrated boost as well as in plans for patients with anatomic challenges such as pectus 
excavatum. It helps to reduce the high dose volumes to the OARs but typically increases the low dose 
spill to the lung and opposite breast.  

o This technique should therefore be sparingly used when other methods fail to achieve dose coverage or 
homogeneity. Newer studies have shown safety of external beam partial breast irradiation with Inv-
IMRT or 3D-CRT and thus, it forms an additional indication for using this technique for a select sub-
group of patients.  
 

• Deep Inspiratory Breath Hold (DIBH) 
o The most commonly employed technique to perform cardiac sparing is using blocks or multi-leaf 

collimators. This may in some cases lead to unacceptable underdosing of the targets. In these cases, the 
DIBH technique helps to reduce the amount of heart incident within the planned tangent fields. The 
DIBH is a popular technique for breast RT delivery, especially in left-sided breast cancer cases.  

o Two very commonly used techniques for DIBH are voluntary DIBH (vDIBH), and moderate DIBH. In 
vDIBH, the patient is instructed to hold her breath at certain points in the breathing cycle. Examples of 
this technique include the Varian RPM (real-time position management) and feedback goggles.  

o Moderate DIBH is a technique whereby active breathing control (ABC) devices are used which typically 
use a spirometer, like the Elekta ABC system. Both the systems rely heavily on patient compliance which 
can be improved with audio-visual feedback mechanisms, patient counselling and practice. If the patients 
are selected and trained well, then DIBH technique can be used without greatly impacting the machine 
throughput.  

o Some centres routinely use DIBH technique for all the left sided breast cancer patients. Apart from the 
obvious advantages of sparing of heart, breath hold also reduces the motion artifacts in the planning scan 
with better visualization of the left anterior descending artery (LAD) on a non-contrast planning CT 
scan.  
 

• On-board image verification and treatment delivery 
o More advanced high precision techniques rely on greatly reduced systematic and random errors in patient 

set-up. A variety of on-board imaging modalities have been developed to improve the set-up accuracy.  
o The commonly used image guidance is in the form of electronic portal imaging device (EPID). The EPID 

images are 2-D Megavoltage images and preferred for targets in close proximity to bones. EPID 
registrations are matched using the breast shadow or bones and may be adequate for delivering tangential 
breast RT.  

o Most new LINACs now have options of volumetric imaging - Cone beam CT (CBCT), CT on rails, and 
MV CT. The CBCT is co-registered with the planning CT scan using the bony anatomy, external patient 
outline, soft tissue structures and surgical clips. Online or offline protocols may be employed for image 
verification. 

o The X-ray tracking (ExacTrac®) system helps to take orthogonal X-rays for set-up verification. These 
KV X-rays can be timed to be taken at regular intervals during the treatment providing intra-fraction 
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motion management solution. This can also be used for tracking and gating by giving real-time position 
correction.  

o Surface guidance using the infrared light may also be used for position correction and could be valuable 
for treatment of a surface organ like breast. This approach has the benefit of real-time feedback, patient 
monitoring throughout treatment delivery, and motion management without increasing unnecessary 
radiation exposure.  

o Image based set-up verification should be performed for the 1st few fractions at least and then once a 
week or more frequently depending upon the patient immobilization and set-up errors encountered.  
 

• Computational Advancements 
o Faster and more accurate treatment planning is possible with the advent of newer Beam Optimization 

algorithms, analytical dose calculation algorithms such as the Collapsed-Cone Convolution-
Superposition (CCCS). This is aided further by high-performance computing platforms such as Graphics 
processing unit (GPU) and cloud-based computing.  

o Novel artificial intelligence-based treatment planning applications, such as deep learning-based 
algorithms hold promise to further reduce the treatment planning time. 
 

• Accelerated Partial Breast Irradiation (APBI) with external beam or brachytherapy 
o Even with the advent of shorter external beam radiation treatment regimens, some patients with 

unfavourable cardiac anatomy or tumor bed location have unacceptable dose homogeneity or OAR doses 
with modern external beam RT techniques.  

o In some of these cases with early breast cancers, use of APBI can be a solution.  APBI can be done with 
3D-CRT, IMRT or a variety of interstitial or balloon based (MammoSite, Contura) or hybrid (strut 
adjusted volume implant [SAVI] applicator) devices and techniques.  

o Multi-catheter interstitial brachytherapy APBI in selected cases has provided excellent local control and 
cosmetic outcomes even in the Indian setting. The typical dose fractionation used in brachytherapy is 
32-34Gy in 8-10 fractions; 2 fractions delivered daily. Early results from the TRIUMPH-T trial suggests 
safety of using 22.5Gy/ 3 fr where the 1st fraction was delivered on the same day as the placement and 
the fractions 2 and 3 were delivered on the next day with a 6-8-hour gap in between them.   

o This ultrashort regimen may be beneficial for patients travelling from greater distances for their 
treatment. Such a fractionation regimen will allow brachytherapy to remain as a suitable option even in 
the era of ultrahypofractionated 5-day EBRT regimen.  
 

• Proton therapy 
o Proton therapy (PRT) is an appealing therapeutic option due to its ability to minimize exit dose and 

thereby restrict RT dose to the lungs and heart. At this time, proton therapy is not accessible to all 
patients. It is therefore important to carefully select cases which stand to benefit the most from PRT, 
generally those expected to receive very high heart doses with photon RT.  

o Numerous studies suggest that factors associated with increased heart doses are women with left sided 
breast cancer who have an inner quadrant tumour or require IMC irradiation and have unfavourable 
cardiac anatomy.  

o In addition, potential indications for proton therapy in breast cancer include re-irradiation cases, 
prophylactic contralateral breast RT in BRCA positive cases and ablative RT in very early breast cancer 
cases.  
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• Special Considerations 
o Some advances in breast radiation therapy are not necessarily technical but deserve a special mention as 

they have great impact over routine clinical practice.  
 

1. Dose Fractionation 
o Several large RCTs have proven the safety and the efficacy of moderately hypofractionated regimen for 

use in women with breast cancer irrespective of the type of surgery, the grade or stage of the tumor or 
the receptor status. Therefore, 40-42.6Gy/15-16 fractions over 3 weeks is considered standard. These 
studies showed no excess cardiac or brachial plexus toxicity.  

o Closely following the UK-START studies, the UK-FAST study also set to evaluate the breast tumor and 
parenchyma α/β with ultra-hypofractionated regimen. The 10-year results of this study showed that 
28.5Gy/5 fr delivered once a week was equivalent to 50Gy/25 fr in women with early breast cancer.  

o A similar study the UK-FAST Forward study tested the safety and efficacy of using daily 
ultrahypofractionated regimen and recently published a 5-year update showing 26Gy/5 fr delivered daily 
is equivalent to 40Gy/ 15 fr  

o These fractionation regimens make breast RT more convenient and cost-effective, making breast 
conservation accessible to more women who would opt for a mastectomy to avoid prolonging overall 
treatment.  

o While the long-term results of the UK-FAST Forward study are not available, the 5 fraction 
ultrahypofractionated regimens were widely adopted during the COVID-19 pandemic to reduce the 
number of hospital visits.  
 

2. Simultaneous Integrated Boost (SIB) 
o Tumor bed boost has shown to significantly improve local control in women who are considered at high 

risk of local failure after BCS. Most breast cancer women in our practice merit tumor bed boost. The 
boost fractionations used vary from 10Gy/5 fr to 16Gy/8 fr and increase the treatment time by at least 1 
week.  

o There are several phase-II and 1 phase-III studies demonstrating that tumor bed boost when delivered 
simultaneously with conventional or moderately hypofractionated regimen is safe and does not lead to 
increased acute or late toxicities. These studies also reported no impact on the cosmetic outcome.  

o The use of SIB helps to reduce the treatment time further and makes it convenient for the patients. Inv-
IMRT in these patients can help to reduce the spill or high doses in the rest of the breast and is preferred 
in women with deep seated tumors.  
 
 

• Summary 
o Breast cancer radiotherapy has benefitted from a wide range of technological advances over the last 2 

decades. These have largely helped to improve outcomes and reduce radiotherapy related toxicity while 
making treatments more convenient, thereby improving the patient Quality of Life.  

o Keeping cognizance of the difference in availability of these technologies in various centres in India, 
selecting patients who would benefit most from a particular technique is of utmost importance. 
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Chapter 5: Esophageal Cancer 
Dr. Akanasha Anup, Dr. Naveen Mummudi, 
 Dr. Anil Tibdewal, Dr. Jai Prakash Agarwal 

 

• Introduction 

o Esophageal cancer is the 7th most common cancer in the world.  
o Adenocarcinoma of the esophagus has been increasing in many countries in northern Europe and in the 

USA due to increasing prevalence of risk factors like obesity and GERD.  
o Squamous carcinoma, common in Asian countries is probably related to tobacco and alcohol 

consumption.   
o India has an age standardized incidence rate (ASR) of 10.7 per 100,000 populations for males and 4.5 

per 100,000 populations for females. This translates into approximately 47,000 new cases each year and 
42,000 deaths. 

o At the Tata Memorial hospital, approximately 1100-1200 patients with Esophageal cancer are registered 
each year.  

• Management  
o General principle of managing esophageal carcinoma is as follows: 
1. Resectable disease  Neoadjuvant chemo-radiotherapy followed by surgery, 
2. Unresectable or locally advanced oesophageal cancer  Definitive concurrent chemoradiation, 
3. Metastatic Oesophageal cancer  Palliative Radiotherapy, Palliative chemotherapy, stenting and rarely, 

palliative surgery. 

o Radiation therapy for Esophageal cancer has been traditionally a challenge owing to its location, 
proximity to dose-limiting critical structures like lung and heart and dismal overall outcomes.  

o Even after undergoing trimodality treatment, a vast majority of patients develop local failures within the 
radiated field.  

o Maximizing dose to the tumour without compromising on doses to the normal tissue have long been the 
Achilles’ heel for using radiation therapy in Esophageal cancer.  

o Fortunately, the past decade has seen an explosion of technological advancements in the field of radiation 
oncology, which has subsequently allowed to widen the therapeutic window to our advantage. 

o Specifically, advances in radiation techniques have resulted in higher conformity and homogeneity of 
dose to the target, more normal tissue sparing and less treatment time. We will review briefly few of 
these techniques in the ensuing paragraphs. 

 
• Dose Escalation 

Dose escalation in esophageal cancer is one of the most debated and controversial issue in oncology.  

o The current NCCN recommendation for radiation dose for definitive CTRT is based on the INT-0123 
trial, which compared high and standard doses (64.8Gy vs. 50.4Gy) for locally advanced EC. This trial 
was prematurely closed because of multiple deaths in the high-dose group and no differences in survival 
or local control. However, 7 of the 11 treatment-related deaths in the high-dose group occurred before 
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the radiation dose reached 50.4Gy, and the high-dose group also received a significantly lower dose of 
fluorouracil, which might have affected outcomes in that arm. 

o Brower et al. used the National Cancer Data Base in the US to evaluate RT dose escalation for patients 
with stage I–III EC who underwent CCRT, and reported that higher RT doses did not improve OS relative 
to a dose of 50–50.4Gy.  

o Chen et al. performed a population-based propensity score-matched study using Taiwanese registry data 
for patients with EC who underwent IMRT or 3D-CRT and reported that a higher RT dose of ≥60Gy 
provides better 5-year OS than 50–50.4Gy (22% vs. 14%, P < 0.05).  

o This apparent difference in conclusions between the western and eastern populations could be attributed 
to the difference in the predominant histologies of EC. For example, most patients in the NCDB registry 
had adenocarcinoma histology (58%) and higher dose was associated with better OS on univariate but 
not multivariate analyses. A further disparity could lie between the ESCC histology that is encountered 
in the west and east.  

o The Cancer Genome Atlas Research Network in their seminal work, performed a comprehensive 
molecular analysis and divided ESCCs into three subtypes: ESCC1, ESCC2, and ESCC3. These subtypes 
showed trends for geographic associations with tumors from Asian population studied, tended to be 
ESCC1 and European and American patients’ tumors tended to be ESCC3. This geographic difference 
could be the key to the difference in the clinical results between the east and west.  

o This controversy has been lent more credence with the recently presented ARTDECO trial in which 
researchers from Netherlands reported no difference in survival with higher doses of RT even with the 
usage of modern techniques.  

o Since escalating doses to large volumes have historically increased toxicities, an area that is being 
actively researched currently is iso-toxic dose escalation, where the dose constraints to normal tissue are 
kept within pre-decided threshold.  
 

• SIMULTANEOUS INTEGRATED BOOST (SIB) 
Another area of active interest is escalating dose only to the high-risk volume using SIB. 

o SIB aims to increase radiation dose to the gross tumour volume (GTV) keeping lower dose to subclinical 
areas and without sequential boost, which could avoid prolonged treatment duration and obtain more 
exact dose.  

o Various retrospective studies have shown that by using the IMRT technique, SIB technique could 
significantly escalate the dose to the GTV by 28% (to 64.8Gy), not only without violating the DVH 
parameters for the lung, heart, and liver, but also reducing the dose to those normal structures relative to 
doses from traditional 2D-CRT plans.  

o These enhanced dosimetric outcomes are the combined result of both improvements in radiation planning 
as well as the use of smaller treatment volumes.  
 

• FROM 3D-CRT to IMRT to VMAT 
o The availability of Intensity-modulated radiotherapy (IMRT) with inverse planning has revolutionized 

treatment delivery by its ability to produce more conformal dose distribution to the target and steeper 
dose gradients around the target edges than 3D-CRT, which involves forward planning with manually 
modifying beam parameters.   
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o Surrounded by bilateral lungs and mediastinal organs, esophageal cancer irradiation usually causes dose 
impacts on lungs and heart, which may result in acute toxicities dominated by radiation pneumonitis and 
late toxicities such as cardiac events, pulmonary fibrosis, or deaths related to radiation exposure.  

o The V20, V30 lungs as well as mean heart dose are considerably reduced in IMRT plans; better 
conformity index (CI) is also achieved with IMRT plans.  

o Volumetric‐modulated arc therapy (VMAT) has demonstrated the ability to deliver radiation dose 
precisely and accurately with a shorter delivery time compared to conventional intensity‐modulated 
fixed‐field treatment (IMRT).  The major conceptual advantage of modulated arc therapy over standard 
fixed‐field IMRT techniques is that the radiation source (gantry) is rotating around the patient while 
delivering radiation. Thus, all angles are available to deliver radiation to the target while avoiding critical 
structures, and the delivery time is used efficiently because the radiation delivery does not stop in 
between different beam angles.  

o The comparison of VMAT plan with fixed‐field IMRT plan has demonstrated equivalent target coverage. 
VMAT has led to lower lung, heart and spinal cord doses without unduly increasing integral dose.  

o  Computation times for VMAT optimization are generally longer than for IMRT due to multiple steps in 
the overall process (e.g., initial arc creation, intensity modulation, arc sequencing, machine parameter 
optimization, adaptive dose convolution dose calculation, and segment weight optimization). However, 
treatment time delivery with VMAT plans are greatly reduced by up to 55% and MUs reduced by up to 
16%, thereby improving the throughput and optimal utilization of services. 
 

• MOTION MANAGEMENT IN OESOPHAGEAL CANCER  
o 4D radiotherapy is the explicit inclusion of the temporal changes in anatomy during the imaging, 

planning, and delivery of radiotherapy.  
o During treatment planning, the use of inappropriate internal margins can result in either worsened local 

control or excessive damage to surrounding normal tissues.  
o Studies have reported a significant movement of esophageal tumors with respiration and a significant 

variability among patients. Distal primary tumors seem to have greater respiratory motion than proximal 
or middle esophageal tumors and the motion is the greatest in the superior-inferior direction.  

o Esophageal breathing motion amplitudes of 0.7 to 1.0 cm axially and 1.5 to 2.0 cm cranio-caudally have 
been reported. 

o When VMAT and IMRT techniques are employed for radiotherapy treatment, respiratory movement has 
a more important role as compared with 3D-CRT. Hence respiration-synchronized four-dimensional 
(4D)-CT based planning will enable more accurate, patient-specific measurement of the ITV for tumors 
that move with respiration, permitting customization of target volumes to minimize dose to normal 
tissues while avoiding a geographic miss.  
 

• FUNDAL SPARING IMRT 
o The CROSS trial has established triple modality using neoadjuvant chemo-radiation (nCRT) followed 

by surgery as the standard of care in operable EC. However, anastomotic leakage of the 
esophagogastrostomy remains one of the major complications negatively affecting surgical and 
oncologic outcomes. Reported incidence rates of anastomotic leakage after esophagectomy range 
between 6% and 41%. In this respect, radiation dose to the gastric fundus is of interest because this part 
of the stomach is used for the esophagogastric anastomosis.  
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o The available evidence on the potential association between neoadjuvant radiation dose to the gastric 
fundus and the risk of anastomotic leakage after esophagectomy is equivocal and currently it remains 
unclear whether efforts should be made to limit the dose to the gastric fundus when planning neoadjuvant 
radiation treatment for esophageal cancer.  

o Several radiation dose characteristics have appeared to be significant predictors of anastomotic leakage, 
including the mean and minimum dose, V25, V30, and V35. These findings suggest that efforts should 
be made to limit the dose to the gastric fundus when planning neoadjuvant radiation for esophageal 
cancer with planned transthoracic esophagectomy and that a higher dose spread over a larger volume 
rather than a high absolute maximum dose is indicative for the risk of anastomotic leakage after 
esophagectomy.  

o Sparing of the gastric fundus in radiation treatment planning for esophageal cancer could be achieved in 
various ways. The use of IMRT provides greater target volume conformity, greater dose homogeneity, 
and an increased ability to control dose to adjacent normal structures, including the gastric fundus and 
greater curvature. Additionally, reducing the caudal CTV margin in distal esophageal and GEJ tumors 
in the neoadjuvant setting to spare the gastric fundus, has also been proposed because the microscopic 
spread beyond the gross tumor is likely dealt with by surgical resection. 
 

• Proton beam  
o Proton bean therapy (PBT) by virtue of the physical property of Bragg peak can reduce the radiation 

dose of surrounding normal tissues significantly.  
o There are two types of proton therapy: passive-scattering proton therapy (PSPT) and intensity-modulated 

proton therapy (IMPT). 
o Based on three-dimensional treatment planning system and smearing margins, PSPT is the traditional 

form of proton therapy in the recent two decades.  
o In contrast, based on pencil beam scanning, IMPT is a more recently advanced technique with improved 

dose conformity and superior sparing of OARs over PSPT.  
o Several dosimetric studies have been published to compare proton therapy with 3D-CRT or 

IMRT/VMAT in EC. These studies have demonstrated that PSPT has clear advantage over 3D-
CRT/IMRT in sparing OARs, such as lung, heart, spinal cord, and kidneys.  

o Unlike PSPT, the data on the dosimetric comparisons between IMPT and photon therapy in EC are 
limited in the literature. A planning study from MDACC conducted a dosimetric comparison of IMRT 
and IMPT plans with different beam arrangements in 10 patients with distal EC. Compared with IMRT, 
the IMPT plan with anteroposterior/left posterior oblique/right posterior oblique beam led to significant 
reductions in the dose to all OARs, including lung, heart, spinal cord and liver while a plan using 
anteroposterior/ posteroanterior beams just reduced lung dose but not the cardiac dose.  

o Another recent study of comparing VMAT with IMPT plans in 21 patients with middle EC, performed 
by the University of Oxford, indicated that IMPT plans achieved considerable reduction of mean dose 
to lung (reduced by 51.4%) and heart (reduced by 40.9%).  

o Investigators from MDACC evaluated whether this dosimetric advantages of proton beam therapy would 
translate to improved clinical outcomes compared with IMRT in a phase II clinical study. They showed 
that compared to IMRT, the total toxicity burden was 2.3 times lesser with PBT; also, post-operative 
complications were 7.6 times higher for IMRT than PBT. Reassuringly, this advantage was established 
without any compromise in survival outcome. 
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o Few studies have also demonstrated that proton beam therapy reduces the dose to vertebrae and possibly 
to mediastinal blood pool, thereby decreasing risk of treatment-related lymphopenia, particularly in 
tumors of the lower esophagus. 
 

• Conclusion 
o The main aim of modern radiotherapy approaches in esophageal cancer is to minimize the post-treatment 

complications by the improvement of the GTV definition, reduced inter-fraction motion and intrafraction 
motion and better delivery of the dose to the precisely defined PTV (intensity-modulated RT and proton 
RT).  

o The reduction of radiotherapy-related toxicity by modern radiation techniques for esophageal cancer is 
fundamental to the improvement of clinical results of radiotherapy for esophageal cancer, although the 
dose escalation concept remains controversial. 
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Chapter 6: Lung Cancer 
Dr. Sonz Paul, Dr. Anil Tibdewal,  

 Dr. Naveen Mummudi, Dr. Jai Prakash Agarwal 

 

• Introduction 
o Lung tumor and intra-thoracic normal tissue motion can have a significant impact on RT planning and 

delivery.  

o Technology has played a pivotal role in the management of lung cancer starting from tissue diagnosis 
till the palliative treatment. Technology can save time and reduce the errors if used cautiously and could 
ease the plight face by patient and physicians alike.  

o In radiotherapy of lung cancer, there are numerous uncertainties involved in accurately defining the 
target volume, delivery of the radiation dose and verification of dose delivered, technologies like 
registration of positron emission tomography-computed tomography (PET-CT) with the planning CT, 
four dimensional CT-(4D-CT), advanced planning techniques like intensity modulated radiotherapy 
(IMRT)/volumetric modulated radiotherapy (VMAT), advanced treatment algorithms and cone beam 
CT (CBCT)have been developed to overcome those issues.  
Here in this overview, we highlight the role of existing and emerging technology in the radiation 
treatment of lung cancer. 

• Staging of Lung cancer:  
o PET-CT is the current standard investigation for staging of non-small cell lung cancer (NSCLC) and 

Small-cell lung cancer (SCLC) and it upstages the disease by 20-25%, thereby eliminating the need of 
unwarranted radical treatment with toxicities.  

o PET-CT is also useful in radiation therapy planning especially in cases with atelectasis/consolidation 
secondary to airway obstruction as it helps to selectively highlight the FDG avid tumour as compared to 
collapsed lung. (PET START Trial). 

o Magnetic resonance imaging (MRI) of the brain is a more sensitive investigation to rule out brain 
metastases in the staging of lung cancer than CT Brain.  MRI is also useful in radiotherapy planning 
tumour is close to critical structures like brachial plexus, spinal cord and heart. 
 

• Radiotherapy Simulation of Lung cancer 
o Respiratory tumor motion increases the positional uncertainty of the lung tumour as the tumor moves 

with respiration. Lower lobe lung tumor moves considerably with respiration as compared to upper lobe 
tumors. Accurate delineation of moving lung tumor requires understanding of tumor motion, quantifying 
and incorporating tumor motion into the target volume. 

o Motion increases the safety margins of the delineated tumour and thereby resulting in increased risk of 
normal tissue toxicities. There are various technological advances that enable us to quantify and 
incorporate the motion in target volume or either completely or partially negate the effect of motion 
during radiotherapy planning and treatment. 
 

• Motion Management-Motion encompassing: 
o 4D-CT or respiratory-correlated CT is the most commonly used technique for incorporating tumor 

motion. 4D-CT takes into account the fourth dimension i.e. time in CT scan of thorax and abdomen.  4D-
CT scan acquires thousands of images which are time stamped according to the breathing cycle.  It allows 
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the reconstruction of multiple images into single dataset or multiple datasets according to the phases of 
the respiratory cycle. With this, the range and path of tumor motion over the normal breathing cycle can 
be studied. Furthermore, they are not as susceptible to the blurring of tissue margins that can render 
tumor boarders indistinct in the slow CT method.  

o Intensity projections (IPs) captured from 4D-CT can be processed by post processing software into 
maximum intensity projection (MIP), average intensity projection (AveIP) and minimum intensity 
projection (MinIP). MIP represents the highest pixel value encountered in the particular. However, MIP 
can underestimate the tumor volume and delineating in all phases of respiration could be more accurate 
in estimating tumor volume. However, contouring on MIP dataset is easier and time saving in large 
volume centers.  

o Unlike the other two older techniques like slow CT and breath-hold CT, the mode of acquisition of 4D-
CTs also leads to inherently collecting data regarding the relative time spent in the various phases of 
respiration, which is not uniformly distributed. Some drawbacks of 4D-CT as compared to the other 
technique include additional infrastructure to obtain a 4D-CT, patient and personnel training and also 
the increased workload in contouring, if performed on all the CT datasets. 
 
Motion management  

Deep-inspiration Breath hold: 

• Hanley et al. from MSKCC reported as early as in 1999 that deep inspiratory breathhold (DIBH) helps 
in reasonably good target immobilization and reducing lung tissue density thereby allowing better 
reproducibility while delivering RT and dose escalation to the gross disease. 

• Rozenwieg et al. in 2000 from same institute reaffirmed the benefits of DIBH such as the increasing the 
accuracy of treatment delivery without hampering and rather reducing the normal tissue toxicity.  

• Josipovic et al. studied the quality of DIBH CBCT on image registration. DIBH CBCT improved image 
quality and reduced registration uncertainty in the craniocaudal direction in image-guided RT of locally 
advanced lung cancer. Baseline shifts ≤2 mm in DIBH during CBCT acquisition did not affect image 
quality. 
 
Self-held breath without respiratory monitoring 

• Barnes et al. in 2001 quantified the dosimetric benefits of self-held breath without respiratory monitoring 
and found that there is significant reduction in V20Gy of lung following DIBH based motion 
management. 
 
Forced shallow breathing with abdominal compression 

• Mampuya et al. retrospectively studied data set of 47 patients treated with SBRT to lung lesion and found 
that cohort of patients treated with abdominal compression had worse survival outcomes with respect to 
local control DFS and OS though the differences were not statistically significant.  
 
Active Breathing Co-ordinatorTM  (ABC) 

• Similar to DIBH, a spirometer is used and is connected to a valve measuring the respiratory level. Prism 
glasses display the ABC screen to the patient. Prior to simulation the patient takes a few deep breaths 
which provide the technical setting measurements needed as well as the breath-hold level. During 
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simulation and treatment, as the patient holds his/her breathe at the specific level the valve is closed to 
block the patient’s breath. Considering patient comfort during the course of treatment, it has been shown 
that the stable and reproducible tumor position can be achieved at 75% of the deep inspiratory level.5 

Respiratory gating 

• Benedict et al. in AAPM -TG 101 recommends the use of respiratory gating in lesions with motion 
amplitude more than 2cm. In lung tumors, since the motion of the tumor is predominantly driven by 
respiratory cycles, numerous systems for approximating tumor position based on external surrogates for 
the respiratory cycle have been studied. These systems utilize external surrogates such as chest wall 
motion captured through the placement of external fiducial markers tracked by a couch or roof mounted 
camera system. More recently, products directly tracking the chest wall through optical surface 
monitoring also have been used.  

• A spirometer trace can be used to monitor and gate the beam on the basis of the volumetric measurement 
of air as the patient inhales and exhales. Alternatively, the actual tumor location either through the 
placement of internal fiducials or special rapid sequence imaging may offer options for gating directly 
based on tumor position. It requires effort from patient side also as in constant respiratory pattern.  

Respiratory tracking 

• Respiratory tracking can be done using the optical surface tracking system or infrared (IR) tracking 
system based on breathing signals or body surface motion. The optical tracking technology typically 
consists of two or more camera pods that project and detect the reflection of a pattern on the patient’s 
body providing a real-time 3D surface imaging. This system has been evaluated for tumor tracking in 
thoracic and abdominal tumor sites.  

• The IR tracking system is similar to a 4D-CT system in conjunction with X-ray imaging systems and 
can be used for accurate patient positioning as well as real-time patient monitoring during treatment. It 
provides a signal to move the couch and hold the beam if the patient moves during the respiratory gating 
procedure.  

• Multiple studies have investigated tumor margin reduction and the accuracy of monitoring lung tumor 
motion using an IR tracking system.6-9 The main disadvantage of both IR and optical surface tracking 
systems is that the systems provide external patient motion that is not a perfect representation of internal 
organ/target motion. The other non-radiographic system uses electromagnetic technology to track 
radiofrequency (RF) of transponders implanted in the target by means of a 4D electromagnetic array. 

• Briefly, the transponders receive and re-emit the RF signal emitted from an electromagnetic array. This 
signal is detected and allows the system to locate transponders relative to the electromagnetic array. The 
main disadvantage of RF tracking systems is the accuracy of target localization in the presence of 
surrounding magnetic fields or any metal objects. 
 
Treatment planning 

• Calculating dose distributions for lung cancer makes great demands on computational engines, as regions 
of electronic disequilibrium arise in the presence of tissue inhomogeneities, for example, at the tumor‐
lung interface. Due to the steep slopes of tumor control probability (TCP) and normal tissue complication 
probability (NTCP) curves, a dose error of 5% may lead to a change in TCP of 10 to 20% and to an even 
larger change in NTCP.10,11 Therefore, we must obviously try to avoid any (systematic) differences 
between the planned and delivered dose distributions. This step is even more important in high‐density 
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inhomogeneous media such as the lung and head and neck region, where air cavities are present. Low‐
density lung tissue can result in reduced photon attenuation and an increased range of secondary 
electrons, which can cause the algorithm to fail to accurately calculate the absorbed dose.12 

• MonteCarlo (MC) is an algorithm in which mathematical phantoms are used to handle practical 
difficulties. Organ dose calculations are executed by performing a mathematical simulation of x ray 
interactions. In an MC algorithm, the distance traversed in a phantom or patient body by each photon of 
a certain x ray spectrum is monitored, and the energy released to the medium is detected using the 
interaction probabilities through its track.  

• The MC algorithm is the only dose calculation algorithm that can properly account for the lack of 
electronic equilibrium and the secondary buildup. However, the long calculation time required for MC 
calculations with present‐day computers makes it impractical for application in a clinical setting, and 
routine patient dose calculations are performed with model‐based algorithms.13 The MC technique 
explicitly tracks electron transport and is generally considered the gold standard in determining the 
electron disequilibrium dose distribution. 

• 10% dose and dose spillage to surrounding normal tissues was also higher than permitted as per trial 
norms Heterogeneity correction is the core of radiotherapy planning in thoracic tumours. RTOG 0236 
plans were done without heterogeneity correction and a post hoc analysis done by Xiao et al. with plans 
made from superposition/convolution algorithm. On application of heterogeneity correction, V60Gy of 
PTV showed a decrease in.  

Planning  

2D vs 3D-CRT vs IMRT 

• Compared to 3D-CRT, IMRT reduced the lung V20 and mean dose by approximately 15% and lung 
NTCP by 30%, and the mean esophagus V50 by 40%.14 Regarding lung dose-volumetric comparisons, 
IMRT always have statistically and clinically meaningful reductions in V20Gy and mean lung dose, both 
important metrics of pneumonitis risk. Crucially, this is achieved without compromising lung V5Gy. 

• In terms of esophageal doses, IMRT is superior for all V20Gy, V45Gy, V60Gy, and mean dose.  IMRT 
is highly operator dependent and the use of dose constraints will influence plan quality.15 Dose escalation 
always results in increased toxicity in locally advanced NSCLC. Many of the cardiac co morbidities are 
never captured even in trials. Newer technologies like IMRT and proton therapy helps in reducing the 
cardiac doses especially V40Gy thereby reducing the cardiac events like ischemia, arrhythmia and 
pericardial effusion. 

• Dess et al. on compiling data from four randomized control trials found that pre-existing cardiac 
comorbidities resulted in pre-existing cardiac disease was significantly associated with a near three-fold 
increase in the likelihood of developing a grade >3 cardiac event.  Stam et al. also reported that maximum 
dose to left atrium and superior vena cava resulted in more number of non-cancer deaths when analysis 
was done based on cardiac substructures. 

• Chun et al. performed a secondary analysis of RTOG 0617 in which patients received concurrent CRT 
with or without cetuximab to a dose of 60 vs. 74Gy. In this trial, the choice of RT technique was at 
physician’s discretion with about 47% of the patients receiving IMRT. Because the treatment technique 
was not randomized, the IMRT group had larger and more advanced tumors. Despite this, patients in the 
IMRT group had significantly lower occurrence of Grade 3 or higher radiation pneumonitis (RP). This 
data strongly supports the routine use of IMRT for management of LA-NSCLC.16 
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• Meta-analysis done by Hu et. al. in NSCLC comparing 3D-CRT and IMRT, there is no difference in 
survival outcomes between both cohorts but significant reduction in RP in IMRT cohort and also to note 
that higher rates of esophageal toxicity in the IMRT arm. 

Treatment 

• Stereotactic body radiation therapy, or SBRT, is a cancer treatment that delivers extremely precise, very 
intense doses of radiation to cancer cells while minimizing damage to healthy tissue. SBRT involves the 
use of sophisticated image guidance that pinpoints the exact three-dimensional location of a tumor so 
that the radiation can be more precisely delivered to cancer cells.  

• The Radiation Therapy Oncology Group (RTOG) 0236 trial17 demonstrated that technologically 
intensive treatments like SBRT can be performed as long as the proper infrastructure and support are put 
in place. 

• A systematic review on SBRT for centrally located lung tumors, including early primary NSCLC, using 
a wide variety of regimens, including 50Gy in 10 fractions, 48-60Gy in 8 fractions, 35-60Gy in 5 
fractions, 48-50Gy in 4 fractions, and 60Gy in 3 fractions demonstrated the incidence of toxicities of the 
airways, heart, pericardium and large vessels is very low.18  

• SBRT is recommended as a curative treatment option for patients with metachronous multiple primary 
lung cancer (MPLC). SBRT for metachronous MPLC has equivalent rates of local control and toxicity 
and overall survival compared to those with single tumors.  

• SBRT is the standard of care in medically inoperable stage I/II NSCLC and the guidelines are issued by 
ASTRO and endorsed by ASCO with minor modifications. 

 

Treatment delivery machine 

• CyberKnife (CK) is a dedicated unit for SBRT, smaller PTV volumes and real-time tumor tracking are 
the major advantages over LINAC based SBRT. On the other hand, there are advantages of LINAC 
treatments with no necessity for fiducial markers, which may cause pneumothorax.  

• Treatment time is significantly shorter for LINAC plans (20-30min) compared to CK plans (60-90min); 
however, the length of treatment time will be similar if gating was used. On the other hand, one should 
keep in mind that use of respiratory gating methods, micro MLC and IMRT, and VMAT techniques may 
lead to better dosimetric quality in LINAC plans. 

• Both CK and LINAC methods are reasonable for lung SBRT with clinically insignificant dosimetric 
differences. The clinicians should evaluate patient and tumor related circumstances to choose whether 
LINAC or CK may be better IGRT.19 

 
CBCT vs EPID 

• The verification of target position is of primary concern in radiotherapy and is becoming even more 
important with the use of increasingly conformal delivery techniques. Improvements in the delivery of 
radiotherapy will rely strongly on more sophisticated verification techniques. One promising technique 
in regions of high contrast anatomy, such as the lung, is the use of the megavoltage beam from the linear 
accelerator LINAC itself to perform a CT scan. The advantage of this approach is that the patient is 
imaged within a few minutes of treatment. Daily on-board imaging reduces treatment set-up uncertainty 
and provides information about daily organ motion and variations in anatomy.  
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• Image-guided intensity-modulated radiotherapy may allow for the escalation of radiotherapy dose with 
no increase in toxicity. More importantly, treatment adaptations based on anatomic changes during the 
course of radiotherapy and dose painting within involved lesions using functional imaging such as PET 
may further improve clinical outcomes of lung cancer patients. 

• With the availability of 4D-CT-based radiotherapy planning and on-board imaging, accurate positioning 
of the target volume using daily image guidance may result in less chance of target miss, smaller set-up 
margins, and less normal tissue exposed to high radiation doses. 

• Novel treatment plan adaptation algorithms may provide more effective modification of treatment plans 
to adapt to the changes in a patient's anatomy and organ motion during and/or between (intra- and/or 
inter-) treatment fractions. Tumor volume reduction was found to range from 20 to 71% and significant 
increased tumor mobility was observed, particularly in the superior–inferior and anterior–posterior 
directions. In some cases, an explicit initial determination of the ITV may not be sufficient to cover the 
target owing to variations in tumor motion and anatomy during the course of radiotherapy.  

• Repeat 4D-CT imaging might be warranted for highly mobile tumors to reduce the potential for missing 
the tumor or when tumour is close to critical structure or when tumour is a large obstructive mass which 
opens up a collapsed lung segment in due course of radiation therapy.20 

 

 

Artificial Intelligence in Lung cancer 

• Though pathology remains gold standard in determining the benign vs malignant characteristic of a lung 
lesion, radiomics is emerging in a big way. The Brock University or PanCan model21-22 is one of the 
most accurate in external validations and is recommended in the British Thoracic Society guideline to 
decide whether nodules that are 8 mm or more in maximum diameter should be further evaluated with 
PET-CT. High-grade lung adenocarcinoma based on histological pattern spectrum in GGO lesions from 
CT scans might be predicted by a framework combining radiomics with deep learning.23 

 
Tumour volume dynamics 

• Data from TMH by Pathak et al. shows that in early lung cancer patients treated with SBRT, early 
regression in tumour volume may be used as a predictor of poor LRFS and OS. 

• Vera et al. in a non-randomized Phase 2 RCT found that 8F-FMISO uptake in NSCLC patients is 
strongly associated with features indicating a poor prognosis. In 18FFMISO-positive patients, the 
radiotherapy boost seemed to improve the overall survival.  

• The PET BOOST trial has finished accrual and the results are awaited which might clarify the importance 
of hypoxia mapping PET-CT for planning radiation therapy. 
 
Prophylactic Cranial RT 

• Cranial irradiation in long term results in neurocognitive toxicity. Cranial irradiation using island blocks 
with IMRT or tomotherapy helps in generating superior plans with matching dose volume constraints 
for hippocampus thereby preserving cognitive and emotional functioning.  

• Phase III RCT results published as abstract in IJROBP in 2019 shows decline in free delayed recall 
memory in prophylactic cranial irradiation patients of LS SCLC as compared to HA-PCI. 
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Whole Brain Irradiation 

• Conformal avoidance of the hippocampal neural stem-cell compartment during WBRT using IMRT for 
patients with brain metastases is associated with significant memory preservation, compared with 
patients having brain metastases treated with WBRT without hippocampal avoidance.24 

• Use of HA during WBRT with memantine effectively spares the hippocampal neuro-regenerative niche 
to better preserve cognitive function and patient reported symptoms. No differences were observed in 
toxicity, intracranial PFS, or OS compared with standard WBRT and memantine. For brain metastasis 
patients eligible to receive WBRT and whose survival is expected to be 4 months or longer, hippocampal 
avoidance using IMRT should be considered standard of care.25 (NRG CC-001). 

• Popp et al. compared HA-WBRT+SIB with WBRT and concluded that HA-WBRT+SIB can be an 
efficient therapeutic option for patients with multiple brain metastases and is associated with improved 
local tumour control of existing metastases, higher intracranial PFS, a reduction of the neurologic death 
rate and reduced distant brain failure and an acceptable risk of radiation necrosis.  

• WBRT with HA and simultaneous integrated boost (SIB) comparing against stereotactic radiosurgery 
(SRS) is designed as an RCT (Hipster) and accrual is going on and expected results by 2023. 
 
Metastatic Lung cancer 

Brain Metastasis 

• Being special, technology-driven, direct knowledge and experience based clinical procedures, SRS 
require high precision, accuracy and reproducibility to be safely and effectively delivered, stringent 
Quality Assurance (QA) is needed before treatment delivery. 

• Stereotactic radiosurgery (SRS) has become a well-established first-line therapy for limited brain 
metastases after multiple phase 3 randomized clinical trials of SRS with and without whole-brain 
radiotherapy (WBRT) collectively demonstrated no overall survival advantage with the addition of 
WBRT to SRS despite the superior central nervous system (CNS) control observed with WBRT.26-30 

 

Solitary metastases: 

Surgery or SRS: 

Lesion diameter 

<20 millimetres (mm) – 24Gy single dose (Grade B) 

21–30 mm – 18Gy single dose (Grade B) 

31–40 mm – 15Gy single dose (Grade B) 

Multiple metastases up to total volume of 20 cm3 with good performance status 

(Karnofsky Performance Status ≥70) and controlled extra-cranial disease: 

 

SRS: 

Lesion diameter 

<20 mm – 24Gy single dose (Grade C) 
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21–30 mm – 18Gy single dose (Grade C) 

31–40 mm – 15Gy single dose (Grade C) 

The types of evidence and the grading of recommendations used within this review are based on those 
proposed by the Oxford Centre for Evidence-based Medicine. 

Oligometastasis 

• Treatment selection (i.e. surgery or radiotherapy) for oligometastatic patients will depend on several 
variables:  Age; performance status; comorbidities; time of appearance of the metastases relative to the 
primary tumor (metachronous metastases have a better prognosis); number of lesions (prognosis is better 
in patients with a single metastasis); localization of the metastases (prognosis is better for metastases 
located in the brain, lung, and adrenal glands); extension of the primary tumor; and mediastinal lymph 
node involvement. 

• Technological advances of the last decade have made it possible to administer high ablative doses with 
great precision to various sites. Brain metastases are treated with SRS while SBRT is used for 
extracranial lesions. An important advantage of these high-dose treatments is that they require fewer 
fractions, and thus the treatment duration is shorter than with conventional fractionation schedules. 

•  SRS and SBRT are considered safe with high tumour control probability   and less toxicity to organs at 
risk. In addition, ablative radiotherapy can be administered to all tumor sites throughout the body. 
Tomotherapy machine helps in ablating multiple adjacent sites in a single go and helps in calculating 
integral dose bit more easily. 

• In the SABR-COMET trial31, which did not select for a specific primary cancer histology, 
oligometastatic cancer patients with up to 5 metastases had significantly improved PFS and OS. 

• In oligometastatic lung cancer patients secondary to brain metastases, local treatment of both the primary 
lesion and the metastases with lung SBRT and brain SRS, respectively, lead to favorable OS outcomes. 
Lung SBRT and brain SRS achieved excellent LC rates with well-tolerated toxicities.32-35 

• In a series of single fraction Spinal SRS by Gerszten et al., there is 90% local control in radiotherapy 
naïve lesions at 21 months follow up and offer improved palliation for painful metastasis. Also delayed 
toxicity of image guided intensity modulated single fraction spinal SRS is very rare and low grade.  
 
GammaKnife vs CyberKnife 

• On comparison of Gammaknife with CyberKnife, parameters like minimum tumor dose, maximum 
tumor dose, prescription isodose volume, conformality index, homogeneity index, volume of tissue 
receiving a dose of 10Gy or more were significantly larger in GammaKnife group. The obvious 
differences in treatment-related parameters had no impact on the quality of the clinical outcome after 
radiosurgery. Survival time increased chronologically, presumably due to an intensified anti-cancer 
therapy in the more recent era of the CyberKnife treatments.37 

Videtic et al. in 2019, published the updated result of RTOG 0915, showing 34Gy in single fraction is 
equivalent in terms of local control and survival outcomes as compared to 12Gy in 4 fractions for 
peripheral lung lesions. 

• Zhongxing et al., on comparing passive scattering proton therapy (PSPT) with IMRT, found no 
difference in dose volume indices for lung but for heart. Local control rates were also similar in both the 
groups. 
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• Baumann et al. in a huge retrospective cohort of patients compared the 90-day adverse event of CTCAE 
Gr 4 toxicity and found that significant lesser toxicity was observed in proton chemoradiotherapy arm 
as compared to IMRT arm with similar survival outcomes. 
 
Future Directions 

Auto-contouring  

• Auto-contouring ranges from being a simple to a multi-step process with the use of a number of complex 
algorithms. Deformable registration is frequently used in the auto-contouring process which involves the 
propagation of manually delineated contours on a single phase to the remaining phases. 

• A wide range of techniques have been employed in studies, such as deformable template-based 
segmentation, automatic thresholding, iterative thresholding, model-based deformable image 
registration algorithm, multi-seed point segmentation, principal surfaces with propagation of 
contours and competitive region-growing based algorithm among many others. 

• Lustberg et al. showed that deep learning helps in improved auto contouring and decreases contouring 
time for delineating lung, spinal cord, mediastinum and heart. 
 
4D-MRI  

• Although lung has low MR signal; lung tumour has good MR signal and MRI helps in motion 
assessment; tracking and MR guided treatment delivery and adaptive planning. 

• Hu et al. and Freedman et al. studied MR based tumour delineation and found that T2W images helps in 
better delineation of gross tumour volume. 

• Zhang et al. studied respiratory correlated 4D-MRI for tumour delineation and compared it with 4D-CT 
and concluded that T1W based GTV was 24% smaller than that of 4D-CT based GTV and inter-observer 
variation was very less (5%) in T2W based GTV.  
 
MR Based Adaptive RT 

• MR guided treatment planning system helps in widening the therapeutic window by better dose delivery 
to the tumour while avoiding excessive OAR doses. In lung tumours, this technology is of great help 
where stereotactive ablative doses are delivered.  

• Finazzi et al. studied MR guided adative RT in lung tumours and found that for centrally located tumours, 
Stereotactic MR guided adaptive RT (SMART) helps in better PTV coverage and the same was not seen 
for peripheral tumours. In terms of outcome also toxicity profile was low for MR guided treatment and 
local control also showed encouraging results. 
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Chapter 7: Gastrointestinal Cancer 
Dr. Jyoti Poddar, Dr. Akansha Anup, Dr. Reena Engineer 

• Common GI cancers in India: 
o Stomach  
o Liver 
o Pancreas  
o Gallbladder and bile ducts 
o Intestine  
o Rectum and anal canal. 
• Challenges in RT for gastrointestinal (GI) malignancies:  
o Anatomic location 
o Biology of the disease 
o Pattern of spread 
o Non-availability of technology for delivery of precise and higher radiation doses 
o Radiation induced toxicities and their management. 
• Prognosis of most upper GI malignancies is dismal as compared to the other solid tumors.  
• Issues of RT with conventional techniques for GI malignancies 
o Large Volumes 
o Difficulty in OAR sparing 
o Motion Management 
• Scenario gradually changed with the advent of newer imaging techniques like  
o 4D-CT 
o PET fusion  
o Multi-energy linear accelerators (LINACS) with micro multi-leaf collimators (MLCs) 
o Motion management with respiratory gating techniques 
o MRI (Magnetic resonance imaging) based LINACS 
o Flattening filter free (FFF) LINACS 
o CyberKnife 
o Proton therapy  
o On board imaging 
o High dose rate (HDR) brachytherapy.  
• The treatment planning systems (TPS) and calculation algorithms have evolved a great deal in last 

decade. Stereotactic body radiotherapy (SBRT), Volumetric arc therapy (VMAT), with on board image 
guidance for tumour tracking, have brought a radical shift in the management of GI cancers.  
 

• There is increasing role of Proton therapy by Intensity modulated proton therapy (IMPT) in GI tumours 
for meeting the treatment planning objectives. 
 

• All these advancements have culminated into  
o Delivery of radiation to difficult anatomic sites,  
o Improved normal tissue sparing,  
o Reduced toxicity,  
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o Dose escalation and simultaneous integrated boost (SIB) with high precision,  
o Better tumour control and lesser side effects. 

 In the ensuing paragraphs we elaborate the advancements in RT in GI malignancies 

• Motion management 
o Respiratory motion of upper abdominal and intrathoracic tumours, may lead to higher, unplanned 

radiation delivery to OARs.  
o For e.g., tumors, which arise in the pancreatic head region, are often in contact with the duodenum. The 

amount of contact varies during the respiratory phase. The inferior movement of the diaphragm during 
inspiration, causes possible compression of the upper abdominal organs.  

o The magnitude of motion for pancreatic and liver tumours, though variable, has been estimated to be as 
much as 2-3 cm in the cranio-caudal direction.  

o Four dimensional (4D) computed tomography (CT) can be used to assess the magnitude and direction of 
tumour motion during the respiratory cycle and allow for delineation of an internal tumour volume.  

o The only drawback of 4D-CT technique is the increase in the PTV volume compromising the dosimetry 
to the critical OARs. Respiratory gating may be used to limit treatment to specific phases of the 
respiratory cycle, e.g, Deep expiratory breath hold (DEBH), Deep inspiratory breath hold (DIBH), free 
breathing.  

o Tracking can be used based on the position of implanted fiducial markers.  
o Breath hold techniques have been used to improve the dosimetry to stomach pylorus, liver, duodenum 

and bowel. With the bladder filling status, the doses to the bladder and small bowel can be reduced while 
treating rectal and anal cancers. 

o Motion management and on-board imaging has given way from conventional radiotherapy to SBRT. 
 

• Radiation techniques: 
o SBRT, a high precision radiotherapy, can deliver radio-biologically very high and efficient doses.  
o SBRT can be delivered over 5-10 days and the biological equivalent dose (BED) is much higher than 

conventional fractionation schedules, given over 5-6 weeks. 
o Increased treatment compliance as it is convenient for the patients.  
o Increased rates of R0 resection and hence may result in improvement of local control and survival.  
o Dose of > 6.6Gy/fraction rapidly activates cell membrane acid sphingomyelinase (SMAse) inducing 20 

times higher apoptosis. 
o SBRT can be given in patients having obstructive jaundice, post stenting.  
o SBRT is being offered mainly in locally advanced pancreatic cancers (LAPC) and borderline resectable 

pancreatic cancers (BRPC), hepatocellular carcinoma (HCC), which has increased rates of local tumor 
control. 

o IMRT can be used in treating carcinoma stomach, gall bladder, cholangio-carcinoma, anal canal and 
selective carcinoma rectum cases.  

o Dose constraints of organs at risk can be achieved with SIB to gross disease and nodes, wherever 
indicated. 

o Hybrid magnetic resonance‐guided adaptive radiotherapy (MRgART), with high soft‐tissue contrast 
images, allows online modification of the dose distribution, taking into account the daily positions of the 
treatment volumes. 
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o  Daily plan adaptation is beneficial locally advanced pancreatic cancer (LAPC), as it can potentiate 
drastic dose delivery to the tumour-vessel interface.  

o Brachytherapy using HDR or Contact X-rays in lower rectal and anal canal cancers, has contributed in 
the sphincter preservation and ‘watch and wait’ approach. 

 
• On board Imaging: 

o ‘In-room’ imaging methods (planar, volumetric, video, or ultrasound-based) obtain periodic information 
on target position and movement (within the same session or between consecutive sessions), compare it 
with reference imaging, and give feedback to correct the patient setup and optimize target localization.  

o Provides feedback to adapt subsequent treatment sessions according to tumor response. 
o Image guided radiotherapy (IGRT) and cone beam computed tomography (CBCT) is the most popular 

method at present.  
o On board CBCT in IMRT, VMAT and SBRT has: 
1. Reduced the safety margin around the target volumes, 
2. Lowered normal tissue doses without compromising delivery of tumoricidal doses. 
3. Helped in evaluation and correction of setup errors,  
4. Enabled assessment of anatomic changes due to weight loss or internal organ motions. 

Sites: The GI malignancies are divided into upper and lower GI tumours. The upper GI comprise of 
stomach, liver, pancreas, bile ducts and gall bladder. The lower GI comprises of rectum and anal canal. 

• Carcinoma Stomach:  
o Sievert 3 cancers may require preoperative or postoperative radiation therapy 
o  Both preoperative and postoperative radiation is difficult, due to motion, OAR constraints and large 

number of draining nodal stations, high postoperative complications. 
o  41.4–45Gy/25 fractions with concurrent chemotherapy can be safely delivered, without increasing post-

operative complications by IGRT. 
 

• Hepatocellular Carcinoma:  
o SBRT is the treatment of choice especially when location, size, or distance from major vessels preclude 

the use of other local modalities e.g., TACE, RFA etc. or there is Portal vein thrombosis.  
o Radiotherapy can be considered in preoperative settings, as a bridge to liver transplant, as well as in 

palliative settings.  
o Radiation dose of 30-54Gy over 6 fractions can be delivered. Radiation dose up to 90Gy can be delivered 

without significant toxicity with hyper-fractionation as compensatory hypertrophy of the un-irradiated 
volume of the liver occurs (JCO 2005, 23, 8739).  

o The incidence of radiation induced liver injury (RILD) is 5% when whole liver is radiated to 28Gy in 2 
fractions and 10-15% for dose of 44-60Gy at conventional fractionation.  

o The dose constraints of the remaining liver and the OARs should be met in accordance to RTOG 1112. 
 

• Carcinoma Pancreas:  
o Pancreatic cancer is an aggressive malignancy and is the fourth highest cause of cancer death. 
o Surgery is the only curative treatment but less than 20%-25% of pancreatic tumours are amenable to 

resection at the time of diagnosis. 
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o  The treatment of these patients with conventional concurrent chemo-radiation had dismal results.  
o With the advent of technology, these patients can be treated using ‘dose-painting technique’, where the 

area of tumor in contact with blood vessels is treated to a higher dose (40-50Gy) than the remainder of 
the tumour (35-40Gy) in 5-6 fractions.  

o Patients with significant regression, away from the blood vessel in question, undergo exploratory surgery 
and tumour resection if possible.  

o About 50% of the patients can undergo resection and 90-97% of the patients can achieve R0 resection. 
A complete pathologic response rate of 15% can also be achieved.  

o Multiple studies have shown that patients who undergo surgical resection have significantly improved 
overall survival.  

o  Investigators from South Korea examined dosimetric parameters that correlated with intestinal toxicity 
after 3- fraction SBRT in patients treated for abdominal malignancies. They found that a Dmax of 35Gy 
and 38Gy correlated with a 5% and 10% rate of grade 3 gastroduodenal toxicity, respectively.  

o V25 > 20 cc correlated with a 50% rate of intestinal toxicity compared with 4% for V25 < 20 cc.  
o These constraints can be achieved with a well-planned SBRT.  
o In the published literature, BRPC patients have achieved a local control of 94% and LAPC to 70%, with 

modern radiation and newer chemotherapy drugs. The recommended dose constraints for SBRT in Ca 
pancreas is summarised in Table 1. 

 
Table 1. Australasian Gastrointestinal Trials Group (AGITG) and Trans-Tasman Radiation 

Oncology Group (TROG) Guidelines for Pancreatic SBRT 

PTV 1, D90% > 100% 
Duodenum Dmax(0.5cc) <33Gy 

V30 <5cc 
V33<1cc 

Stomach Dmax(0.5cc) <33Gy 
V30 <5cc 

Small bowel Dmax(0.5cc) <33Gy 
V30 <5cc 

Large bowel Dmax(0.5cc) <35Gy 
Spinal cord PRV Dmax <20Gy 
Kidney V10<10% 
Liver V12<40% 

  

o Patients of LAPC have significant pain and obstructive symptoms, which can be palliated through 
endoscopic stenting and celiac nerve blockade.  

o Rapid delivery of higher BED with SBRT provides earlier and more durable palliation.  
o Recent chemotherapy clinical trials have focused on the use of targeted agents and novel immunogenic 

treatment in an attempt to improve outcomes, with limited success. 
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• Carcinoma gall bladder:  
o Radiation can be delivered in adjuvant, definitive (not amenable to surgery), neoadjuvant (in trial setting) 

settings by IMRT techniques.  
o The dose constraints of duodenum V50<4cc and V55<1cc and liver mean dose <25 Gray is achievable 

by using IMRT and daily IGRT. 
 

• Cholangiocarcinoma:  
o Unresectable and medically inoperable cases can be delivered radical doses by IMRT. 
o Dose constraints same as gall bladder. 

The lower GI malignancies include 

• Rectal Cancer:  
o Neo-adjuvant chemoradiation (NACTRT) followed by surgery is the standard of care in locally advanced 

rectal cancers.  
o With the advent of above mentioned techniques, the radiated volume and dose to the bladder has 

decreased.  
o SIB to the lateral pelvic lymph nodes and retroperitoneal lymph nodes has culminated to higher tumour 

regression. 
o HDR brachytherapy boost using intracavitary/contact based applicators has resulted in higher LC and 

reduced toxicity to skin and urinary bladder.  
o HDR brachytherapy has increased the sphincter saving surgery as well as Watch and wait policy in lower 

rectal cancers.    
 

• Carcinoma Anal Canal:  
o 3D-CRT techniques as Thunderbird, Pelvic wing and Segmental boost techniques were used to treat anal 

canal cancers in the past. 
o Radiation toxicities to skin, bone marrow, bowel, and bladder were high resulting in treatment breaks 

and compromised outcomes.  
o The wide inguinal nodal fields and concurrent chemotherapy posed further challenge. 
o IMRT has reduced GI, GU and skin toxicity significantly, maintaining local control, increasing 

colostomy free survival rates.  
o IMRT has allowed dose escalation, sphincter preservation, reduced doses to lumbosacral plexus. 
o Effective dose escalation using PET-CT based fusions to primary and nodal disease is also emerging. 

• Conclusion : 
o Evolution of technology has enabled the radiation oncologists to explore the unexplored avenues of GI 

cancers.  
o The management of GI cancers is rapidly evolving, which may change the landscape of GI malignancies 

in coming years. 
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Chapter 8: Genitourinary Cancer 
Dr. Ravi Teja, Dr. Priyamvada Maitre,  

Dr. Rahul Krishnatry, Dr. Vedang Murthy 

PROSTATE CANCER 
 

• Introduction 
o Prostate cancer is the fifth commonest cancer in the world and sixteenth commonest cancer in India. 
o Relatively lower incidence rates in developing countries can be attributed to less robust population based 

cancer registries and absence of screening programs, apart from differences in demographic profiles and 
prevalence of risk factors. Nevertheless, there is an increase in the age adjusted incidence rates in certain 
urban pockets like Delhi, Bangalore, Mumbai and Pune over the past few decades, as observed in the 
National Cancer Registry Report of 2016. 

o Radiation therapy, either in the form of external beam therapy (EBRT) or Brachytherapy (BT), plays an 
integral part in the management of prostate cancer – in curative, adjuvant/salvage as well as metastatic 
settings. 

o Since a large proportion of patients are expected to have long-term survival (median survival of about 
42 months, even for those with metastatic cancer at diagnosis), reducing treatment related toxicities 
becomes as important as improving the survival outcomes. 

o In the last two decades, technological advances in delivery of radiation have allowed a transition from 
3-dimensional conformal therapy (3D-CRT) to intensity modulated radiation therapy (IMRT). This 
evolution has increased the potential to deliver curative doses to prostate, without compromising the 
surrounding organs at risk like rectum, bladder, bowel, femoral heads and the penile bulb. 

o As the treatments became more conformal, need for precision in delivery and accuracy of reproducibility 
has assumed greater significance. Simultaneous developments in on-board imaging technologies have 
catered for this need, and paved the way for image guided radiation therapy (IGRT) as the standard of 
care for curative treatment of prostate cancer. 

o This opened up new avenues of interest in terms of dose escalation, hypofractionation and delivery of 
ablative doses of radiation using stereotactic techniques (SABR/SBRT). 

o The following sections discuss a brief outline of the clinical impact of these technologies on various 
aspects of radiation therapy for prostate cancer patients.  
 

• Target localization: 
o Advances in imaging modalities have resulted in improvements in accuracy of diagnosis and staging. 
o Apart from that, incorporation of additional imaging modalities into radiation planning has contributed 

to improvements in the accuracy of target delineation. 
o Since most commercially available treatment planning algorithms are based on Hounsfield units, 

computed tomography (CT) still remains the cornerstone for treatment planning. However, the resolution 
of CT is suboptimal for accurate target delineation, especially of the apex and the peri-prostatic tissues. 
Volumes obtained from CT based delineation are about 30 to 40% larger compared to those obtained 
from magnetic resonance imaging (MRI). 

o Addition of MRI to CT for treatment planning improves the accuracy of target delineation and reduces 
inter-observer variability. 
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o Multi-parametric MRI (mp-MRI) with incorporation of diffusion weighted imaging (DWI), magnetic 
resonance spectroscopy, and dynamic contract enhancement (DCE) along with T2 weighted sequences 
has been shown to improve the localization of the tumor nodules within the prostate. Incorporation of 
these sequences into treatment planning has a potential application in boosting the dominant nodules. 

o In spite of these advances, fidelity of co-registration between CT and MRI sequences still remains a 
challenge, with a potential for significant systematic errors. Hence, MRI still remains as an adjunct to 
CT for target delineation in contemporary practice. Consensus guidelines detailing the target delineation 
on CT and MRI have been published by ESTRO - ACROP. 

o Novel algorithms for generation of synthetic CT (syn-CT) images from MR sequences have been 
developed recently using artificial intelligence (AI) based approaches. Such technologies have a potential 
to eliminate the need for planning CT, allowing MR-only workflow in radiation planning. 

o Alternate imaging modalities like contrast enhanced ultrasound (CEUS) and positron emission 
tomography (PET) are still considered investigational for incorporation into treatment planning. 

o Recently, percentage of standardized uptake values (% SUV max) obtained from prostate specific 
membrane antigen (PSMA) PET have been reported to have a significant correlation with the volume of 
dominant intra-prostatic lesions obtained from mp-MRI. 

o Considering the increasing importance of PSMA-PET as a diagnostic modality, its incorporation into 
treatment planning would have potential clinical implications, especially when additional boost to 
dominant lesions is being considered. 

 
• Image guidance during treatment delivery: 
o Since EBRT is typically delivered over multiple fractions, maintaining the fidelity between planning and 

treatment is of paramount importance.  
o Owing to the location of prostate between rectum and bladder, both of which show physiological 

displacements, correlation between pelvic bony anatomy and the location of prostate cannot be relied 
upon. 

o Apart from day-to-day variations in patient positioning, significant errors may occur during prostate 
radiotherapy. They may be inter-fraction (that occur between fractions; can be translational or rotational; 
largely due to differences in rectal and bladder filling), intra-fraction (that occur while radiation is being 
delivered; can be slow drifts or sudden transient shifts; largely due to peristaltic movements), or 
deformations (that occur due to changes in the shape of prostate or seminal vesicles). 

o Such errors are most pronounced in anterior-posterior and superior-inferior directions and need to be 
accounted for, by adding an additional margin to the clinical target volume (CTV) to generate a planning 
treatment volume (PTV). 

o Using image guidance technologies, location of prostate can be confirmed before / during delivery of 
each fraction. Thus, the magnitude of PTV margin and the volume of irradiation can be reduced without 
compromising the accuracy of treatment delivery. Various image guidance technologies and their clinical 
significance are presented in Table 1. 
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Table 1 
Technology Description Clinical significance 

Radio-opaque intra 
prostatic (fiducial) 
markers 

Usually gold markers 
Implanted trans-perineally or 
trans-rectally (former is 
preferred due to lesser 
complications). 
 
Three markers, two at the base 
and one at the apex (preferably 
with a 2cm spacing threshold 
and 15-degree co-linearity 
threshold) 
Detected before / during 
treatment, using X - rays. 
 
Gantry based 2-dimensional 
methods for detection: 
Mega voltage (MV) X - rays 
using Electronic Portal Images 
(EPID) or kilo voltage (KV) X - 
rays (on board imaging) 
 
Gantry based 3-dimensional 
methods for detection: 
Cone Beam CT (KV preferred 
over MV due to better image 
quality and lower dose) 
 
Stereoscopic X rays: 
Sources and detectors are 
mounted on roof / floor, and 2 
dimensional images are 
obtained, independent of the 
gantry position 

Accuracy of these methods 
is limited by the potential 
for migration of internal 
markers. 
 
Additional radiation n 
doses with these imaging 
modalities have been 
estimated to be about 0.1 
to 2mGy with 2D methods 
and 10 to 100mGy with 3D 
methods. 
 
Limited information 
regarding translational and 
rotational motion can be 
obtained from 2-
dimensional methods. 
 
Additional information 
regarding deformation can 
be obtained from 3-
dimensional methods. 
Moreover, accuracy of 
pelvic nodal location can 
be verified when nodal 
regions are being treated. 
 
Stereoscopic methods help 
in real-time tracking of 
motion since they are 
independent of the gantry 
motion. Hence additional 
information regarding intra 
fraction motion can be 
obtained. 
 
Though proven to be safe, 
use of internal markers 
may not be feasible due to 
cost or logistics. Use of 
KV CBCT alone would be 
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Table 1 
Technology Description Clinical significance 

the most appropriate 
alternative in such settings. 

Electromagnetic 
transponder systems 

Similar to radio-opaque 
markers, beacon transponders 
are implanted within the 
prostate, and are tracked by 
electromagnetic detection. 

Continuous real-time 
localization is possible 
with these systems, with no 
additional doses of 
radiation for tracking. 
 
However, limitations 
include interference with 
MRI based planning, costs 
and logistics. 

Ultrasound based 
systems 

Trans-abdominal or trans-
perineal ultrasound transducers 
are used for localization of 
prostate. 

Trans-perineal 
ultrasonography has been 
shown to correlate more 
closely with implanted 
markers, compared to 
trans-abdominal approach. 
 
Limitations of ultrasound 
include significant inter-
observer variability due to 
subjective nature of the 
modality. 
 
In contemporary practice, 
it is considered inferior to 
CT based methods. 

MRI based systems 
Real time guidance is provided 
with MRI scanners integrated 
with linear accelerators 

Though feasibility of using 
MR guidance for 
correcting translations, 
rotations, deformations and 
intra fraction movements 
has been proven, additional 
clinical benefits for 
prostate IGRT and its cost-
effectiveness is yet to be 
established. 
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o In spite of all the available image guidance modalities, some residual motion will remain, necessitating 
a small margin for PTV. 

o With appropriate image guidance and online correction (before delivery of each fraction), such margins 
can be safely reduced to 3 to 5mm. 

o Using tracking technologies, even smaller margins ranging from 2 to 4mm can be considered sufficient. 
o Further details regarding the magnitude of PTV margins in various scenarios are available in the ESTRO 

- ACROP consensus guidelines on the use of IGRT for prostate cancer. 
 

• Dose escalation - 3D-CRT, IMRT and IGRT: 
o In the landmark randomized study from Royal Marsden Hospital (Dearnaley et al.) comparing 2-

dimensional and 3-dimensional planning for prostate cancer, significant reduction in grade 2+ rectal 
toxicity from 15% to 5% was observed with 3D-CRT. Thus, the potential for dose escalation with 
conformal planning was realized. 

o Early studies of dose escalation in prostate cancer utilized conventional 2-dimensional planning with 
box fields or 3D-CRT as the standard of care. 

o Prospective randomized studies from MDACC (Pollack et al.), GETUG (Beckendorf et al.), Dutch 
CKVO 96-10 (Peeters et al.), MRC RT01 (Dearnaley et al.), Fox Chase (Hanks et al.) have established 
that dose escalation till 74Gy to 80Gy increases biochemical recurrence free survival. 

o A clear dose - response relationship was observed with respect to biochemical control, local failures and 
distant failures, though improvement in disease specific survival was reported only in the exploratory 
analysis of MDACC study. 

o None of these studies utilized IMRT for treatment planning, and most of these studies have reported 
increase in late normal tissue toxicity (especially GI) with dose escalation. 

o Apart from bladder and rectal toxicity, conflicting data suggests a correlation between doses to the penile 
bulb and impotence. 

o Multi-centric RTOG 0126 study (Michalski et al.) underwent an interim amendment to incorporate 
IMRT and reported a significant absolute benefit of 15% in biochemical control at 8 years with dose 
escalation from 70.2Gy to 79.2Gy. The IMRT arm was found to be superior in terms of doses to bladder 
and rectum, and acute grade 2+ GI and GU toxicity. On long term follow up, there was trend towards 
reduction in late grade 2+ GI toxicities, with an absolute reduction of 6% (from 21% to 15%). Similar 
results were reported in the retrospective series from MSKCC (Spratt et al.). 

o A meta-analysis (Zarosky et al.) of 6884 patients from 12 randomized trials using EBRT dose escalation 
reported significant improvement in 10-year biochemical progression free survival, but not in overall 
survival. A significant reduction in late toxicities was reported in patients treated with IMRT compared 
to those treated with 3D-CRT, despite receiving higher doses. 

o Prospective studies analyzing the impact of IG-IMRT are sparse in the literature. 
o In a retrospective analysis (Zelefsky et al.) of patients treated with IMRT with or without fiducial based 

IGRT, significant improvement in 3-year biochemical PFS was observed in high risk patients treated 
with IGRT, along with a reduction in late grade 2+ GU toxicity. 

o In the prospective randomized trial (de Crevoisier) comparing weekly versus daily image guidance, 
significant improvements in biochemical and clinical PFS, and reduction in late grade 1+ rectal toxicity 
were observed at a median follow up of 4.1 years. 

o Long-term outcomes of RIC trial comparing daily CBCT and weekly EPID imaging protocols with 
different PTV margins are awaited. 
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o In post-operative patients undergoing adjuvant or salvage radiation, use of IMRT has been shown to be 
beneficial in reducing treatment related toxicities, compared to 3D-CRT. Modeling studies have 
estimated modest long-term improvements in effectiveness and reduction in costs with the use of IMRT 
compared to 3D-CRT in such patients.  Apart from reduction in treatment related toxicities, use of IGRT 
has applications in hypo-fractionated treatments for post-operative patients. Ongoing prospective studies 
are analyzing the impact of moderately hypo-fractionated (NRG HYPORT-COPORT) and extremely 
hypo-fractionated (SHARP) image guided radiation therapy in post-prostatectomy patients.  
 

• Hypofractionation: 
o Conventionally, EBRT is fractionated to a daily dose ranging between 1.8Gy and 2Gy. Use of larger 

doses per fraction (hypofractionation) reduces the number of fractions that need to be delivered, and 
hence results in obvious financial and logistic benefits. 

o However, strong associations between doses delivered per fraction and late normal tissue toxicities have 
been the factors limiting widespread adoption of hypo-fractionated regimes. 

o With the evolution from 3CDRT to IG-IMRT, feasibility of limiting the doses to organs at risk while 
maintaining the conformity of dose distribution has been established. Thus, interest in hypofractionation 
has been renewed – initially using moderate doses of 2.4Gy to 3.4Gy per fraction and later with extreme 
doses of >5Gy per fraction. 

o Moreover, there is a strong radiobiological rationale supporting a potential advantage with 
hypofractionation for prostate cancer. Sensitivity of any tissue to radiation fraction sizes is represented 
by a radiobiological parameter - the α/β ratio. Lower the α/β ratio, higher would be the radiobiological 
tissue damage from hypofractionation. 

o Retrospective data analyzing dose response relationship of prostate cancer and the surrounding normal 
tissues suggests that α/β ratios for rectum and bladder are higher (about 5Gy) compared to that of prostate 
cancer cells (1.5Gy to 3Gy). Thus, hypofractionation has the potential to improve the therapeutic ratio 
in prostate cancer, by damaging the tumor more than the normal tissues. 
 

• Moderate Hypofractionation: 
o Randomized controlled trials have compared conventional fractionation with hypofractionation in 

different groups (low risk, intermediate risk or high risk), with a variety of fractionation schedules 
(designed to be iso-effective to late normal tissue toxicity or to non-dose-escalated EBRT or to dose-
escalated EBRT), and reported divergent outcomes. A simplified summary of some of the trials and the 
clinical interpretation of their outcomes is presented in table 2. 

Table 2 

Study Inclusion Disease related 
outcomes 

Toxicity related 
outcomes 

PROFIT (Catton 
et al.) 

Intermediate Risk 
Non inferior to 
dose- escalated 

EBRT 

No increase in 
toxicity 

CHHiP 
(Dearnaley et al.) 

Low Risk (15%) 
Intermediate Risk 

(73%) 

60Gy/20# arm is 
non inferior to 

No increase in 
toxicity 
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Table 2 

Study Inclusion 
Disease related 

outcomes 
Toxicity related 

outcomes 
High Risk (12%) non-dose-

escalated EBRT 
Patient reported 
sexual function 

better with 
hypofractionation 

HYPRO Erasmus 
(Incrocci et al.) 

Intermediate Risk 
(26%) 

High Risk (74%) 

Not superior to 
dose-escalated 

EBRT 

Improvement in 
late toxicity could 
not be established 

High BED in 
hypofractionation 

arm 

RTOG 0415 (Lee 
et al.) 

Low Risk 
Non inferior to 
dose-escalated 

EBRT 

No significant 
difference in 

GI/GU toxicities 
 

o In spite of multiple randomized studies, optimal schedule for hypofractionation has not yet been 
established. 

o Brenner and Hall have observed that moderately hypofractionated regimes with higher biologically 
equivalent doses (BED1.5 > 183Gy or BED2.5 >136Gy) maybe associated with higher toxicity. 

o Excellent outcomes have been demonstrated in contemporary trials like POP-RT using a moderately 
hypo-fractionated regime of 68Gy in 25 fractions to prostate and an elective pelvic dose of 50Gy in 25 
fractions delivered using IG-IMRT, with 5-year biochemical failure free survival of 95% and cumulative 
late grade 2+ GI and GU toxicities of 6.5% and 17% respectively. 

o Based on the available evidence, consensus guidelines from ASTRO-ASCO-AUA recommend that 
strong consideration should be given to moderate hypofractionation in prostate cancer patients, 
irrespective of the risk stratification. 
 

• Extreme hypofractionation 
o Evidence for extreme hypofractionation using SBRT is still emerging. Multiple retrospective and phase-

1 / phase-2 studies have established the safety of SBRT in low and intermediate risk (MSKCC, NRG 
RTOG 0928), high risk (SHORT, Murthy et al.), very high risk and node positive (Murthy et al.) prostate 
cancer. 

o Two recently reported randomized phase-3 non inferiority studies have established the role of SBRT in 
low and intermediate risk prostate cancer. 

o Scandinavian HYPO-RT-PC trial (Widmark et al.) with a predominantly intermediate risk population 
reported non inferiority of 7-fraction SBRT compared to conventionally fractionated EBRT in terms of 
biochemical control. Though acute toxicities have been reported to be higher in the SBRT group, no 
differences were observed in late toxicities. 
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o PACE B trial (Brand et al.) included low and intermediate risk patients and compared 5-fraction SBRT 
to conventional or moderately hypo fractionated EBRT. Acute toxicities have been reported to be similar 
among the groups, while late toxicity data is awaited. 

o Ongoing non-inferiority studies for intermediate risk group include NRG-GU-005 (comparing 5-fraction 
SBRT with conventionally fractionated EBRT) and HEAT (comparing 5-fraction SBRT with moderately 
hypo-fractionated EBRT) while PRIME (comparing 5-fraction SBRT with moderately hypo-fractionated 
EBRT) is the only study recruiting high risk and node positive patients. 

o Based on the existing evidence, ASTRO-ASCO-AUA recommendation for the use of SBRT in prostate 
cancer still remains conditional, and use of IGRT is strongly recommended for extremely hypo-
fractionated EBRT. 
 

• Recurrent and Metastatic prostate cancer: 
o With widespread availability of advanced imaging modalities and effective systemic therapies, the 

concept of oligo-metastatic disease has emerged. 
o Multi-centric phase-3 STAMPEDE trial with an adaptive design has incorporated irradiation of the 

primary in patients with limited metastatic burden, and reported a significant absolute improvement of 
8% in 3-year overall survival in the irradiation arm (73% versus 81%). 

o Similar findings were reported in the STOPCAP-M1 meta-analysis, where irradiation of primary has 
been shown to improve overall survival in patients with limited metastatic disease. 

o SABR-COMET (Palma et al.) is a randomized phase-2 trial that evaluated the role of irradiation of 
metastatic sites in patients with oligo-metastatic disease from variable primaries including prostate, 
while ORIOLE (Phillips et al.) is a similar study that exclusively included hormone sensitive prostate 
cancer with limited metastatic burden. 

o Similarly, re-irradiation using SBRT for localized recurrences after prior curative radiation has been 
studied in various trials, along with other local salvage therapy modalities. 

o Recently published MASTER meta-analysis (Valle et al.) reported that re-irradiation with SBRT or 
brachytherapy results in less severe GI and GU toxicity, compared to other local salvage modalities 
including radical prostatectomy. 
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BLADDER CANCER 

• Introduction 
o Bladder cancer is the twelfth commonest cancer globally, and nineteenth in India. 
o Approximately one third of patients present with muscle invasive disease at diagnosis, and benefit from 

radiation therapy either as a definitive modality for bladder preservation in combination with 
chemotherapy, or as an adjuvant to surgery. 
 

• Bladder preservation: 
o Tri-modality approach (in combination with maximal transurethral resection of bladder tumor and 

concurrent chemotherapy) is considered an alternative to radical surgery for MIBC. The outcomes are 
equivalent, especially for carefully selected patients with small volume, early stage, node negative 
disease without coexisting carcinoma in situ or hydronephrosis. 

o Unfortunately, randomized trials comparing surgery and tri-modality therapy have never been 
successfully completed, and the existing prospective trials cannot be pragmatically compared because of 
differences in patient selection. Nevertheless, a recent meta-analysis of over 9000 patients has reported 
equivalent outcomes between both the approaches, thus reinforcing the legitimacy of tri-modality 
therapy as an alternative to surgery. 

o However, concerns regarding treatment related toxicity, and long term outcomes have been a major 
deterrent in widespread adoption of tri-modality therapy. 

o In the last two decades, advanced radiation technologies like IG-IMRT have been used for delivering 
adaptive radiotherapy, wherein, an anisotropic margin is given around the bladder to generate different 
PTVs to suit variable bladder filling. A library of three different plans is made using these PTVs, and the 
patient is treated with the plan that best encompasses the bladder on that particular fraction. 

o In a recent retrospective analysis of 106 patients, this plan-of-the-day (POD) approach has been shown 
to be clinically feasible, even in the context of dose escalation with simultaneous integrated boost and 
pelvic nodal irradiation. Though no benefit was observed with dose escalation, bladder preservation rates 
of more than 80% at a median follow up of 26 months were reported, with an acceptable toxicity profile. 

o Adaptive IG-IMRT with POD approach has renewed the interest in hypo-fractionated radiotherapy for 
bladder cancer. Recently reported multi-centric randomized phase-2 HYBRID trial has established the 
safety and feasibility of delivering extremely hypo-fractionated EBRT of 36Gy in 6 weekly fractions in 
elderly patients with MIBC. Early follow-up indicates good local control of 81% at 3 months, with a 
reduction in grade 3+ non-GU toxicity from 13% to 6% with the use of adaptive planning. 
 

• Adjuvant Radiotherapy: 
o In retrospective and prospective studies, adjuvant radiation therapy for muscle invasive bladder cancer 

(MIBC) has been shown to improve loco-regional control and disease free survival. 
o The role of adjuvant EBRT after radical cysto-prostatectomy and lymphadenectomy for MIBC has 

become a debatable topic in contemporary practice. 
o Since most of the existing studies have utilized 2-dimensional or 3-dimensional conformal planning for 

radiation delivery, incorporation of modern radiation technologies has been proposed to improve the 
therapeutic ratio in adjuvant setting, by improving target localization and reducing the doses to organs 
at risk. 
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o Ongoing prospective studies like BART using modern radiation technologies (IMRT with or without 
image guidance) are randomizing high risk patients with advanced disease, with loco-regional relapse 
free survival as the primary endpoint and toxicity, quality of life and overall survival as secondary 
outcome measures. These studies are expected to consolidate the role of adjuvant radiotherapy in MIBC 
in the context of contemporary clinical practice. 

 

RENAL CELL CARCINOMA 
• Introduction: 
o Renal cell cancer (RCC) is a rare malignancy in developing countries like India, compared to North 

American and Central European countries. However, some Indian evidence suggests a lower age and 
higher stage at diagnosis, with a higher proportion of non-clear cell variants. 

o Traditionally, RCCs were considered radio-resistant tumors, and the role of radiation has been limited 
to palliation of inoperable and metastatic disease. 

o Though surgery and systemic therapies remain the standard of care, recent evidence suggests that the 
radio-resistance of RCCs can be overcome by using extremely hypo-fractionated radiotherapy.  

o In the past decade, development of modern radiation technologies like SBRT has re-invented the role of 
radiation in comprehensive management of RCC – with emergence of neo-indications for primary as 
well as metastatic disease. 
 

• Non-metastatic RCC: 
o SBRT is emerging as a non-surgical ablative modality for selected patients with complex lesions, single 

kidney, borderline resectablity or medical inoperability 
o With initial retrospective reports suggesting excellent local control rates with SBRT, a pooled multi-

centre cohort analysis was conducted by the International Radiosurgery Oncology Consortium for 
Kidney (IROCK) in 2016. Results from the IROCK analysis revealed 2-year local control rates of more 
than 90% with limited treatment related toxicity. 

o A recent meta-analysis of 26 studies (11 prospective) including 372 patients reported local control rates 
of 97% and grade 3+ toxicities in 1.5% of the patients, thus establishing the safety and efficacy of SBRT 
in a selected subset of patients. Single-fraction (26Gy) and five-fraction (40Gy) schedules were the most 
commonly used, with equivalent efficacy. 
 

• Metastatic RCC: 
o Response rates of about 50% were observed in patients treated with conventionally fractionated EBRT 

for palliation of painful bone lesions, brain metastases or hematuria due to RCC. 
o  Early studies of SBRT for pain alleviation have reported response rates of >90% for skeletal lesions. 

Similarly, improvements in local control were observed with addition of SRT to resection in patients 
treated for oligo-metastatic RCC with brain metastases. 

o In a recent multi-institutional registry based analysis of 181 metastatic RCC lesions treated with SBRT, 
local control rates of 82% were reported at 2 years, with 13% reporting grade 1+ acute or late toxicities; 
grade 3+ toxicities were observed in one patient. A non-significant trend towards improved overall 
survival was observed with BED7 of >100Gy to the metastatic lesions. 
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o Pre-clinical and early clinical data indicates a potential role for SBRT as a sensitizer, when used in 
combination with immunotherapy in metastatic RCC. However, definitive data in this context is still 
emerging. 

 

Impact of technology on Radiation Oncology practice in genitor-urinary malignancies 

Prostate Cancer 
 MRI has been shown to be superior to CT for target delineation 
 Role of PSMA-PET CT in treatment planning is still evolving 
 IG-IMRT is strongly recommended, especially for hypo-fractionated radiotherapy 
 Dose escalation beyond 74Gy (conventional fractionation) has been proven to improve outcomes  
 Moderate hypofractionation is now considered standard of care for localized prostate cancer, 

irrespective of the risk stratification 
 Existing evidence for extreme hypofractionation (SBRT) is of moderate quality (for LR), and 

low quality (for IR and HR). While high quality studies are ongoing, current recommendation 
remains conditional 

 Evidence for SBRT to primary / metastases in oligo-metastatic prostate cancer is still emerging, 
and recommendation remains conditional 
Bladder Cancer 

 Adaptive Radiotherapy with IG-IMRT and plan-of-the-day approach has been shown to be 
feasible in MIBC treated with bladder preservation protocols 

 IMRT with or with-out image guidance is being tested as an adjuvant modality in operated MIBC 
 Quality of existing evidence is low and recommendations remain conditional 
 Ongoing studies are expected to establish the role of contemporary radiation technologies in the 

management of MIBC 
Renal Cell Cancer 

 SBRT has been shown to be an effective modality for ablation of primary, in selected subset of 
patients with non-metastatic RCC 

 Improved response rate has been observed in metastatic sites treated with SBRT in oligo-
metastatic RCC 

 Quality of existing evidence is low and the recommendation remains conditional 
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Chapter 9: Gynaecological Cancer 
Dr. Gargee Mulye, Dr. Lavanya Naidu, Dr. Prachi Mittal, 

Dr. Tapas Dora, Dr. Supriya Chopra 

 
Radiotherapy in the definitive, adjuvant or neo-adjuvant setting plays an integral part in the treatment of 
gynaecological cancers.  

• Clinical Applications of IMRT in Cervical/ Endometrial Cancers 
o Since the advent of Multi-leaf collimators, 3D-CRT was the standard of care for definitive and adjuvant 

therapy in pelvic malignancies. 
o IMRT was initially investigated in the adjuvant setting-both for cervical and endometrial cancers, as 

bowel tends to occupy larger space between the pelvic nodal volumes in post-hysterectomy patients. The 
RTOG 0418 was a Phase II study that investigated the benefit of post-operative IMRT in controlling 
haematological toxicity. In patients with cervical cancer, median dose to bone marrow >34.2Gy 
correlated with higher rates of grade >/=2 haematological toxicity. (Level of evidence: 2b) Similarly, the 
Phase II RTCMIENDOMETRE French multicentric evaluated the role of IMRT in post op endometrial 
cancers, and showed that the rate of Grade 2 acute GI toxicity was <30%, as opposed to 60% seen with 
conventional RT in literature at the time. (Level of Evidence 2b) 

o The NRG Oncology RTOG 1203, a phase III RCT investigated, patient reported acute toxicity in patients 
with cervical and endometrial cancer receiving adjuvant RT (4 field technique vs IMRT). 51.9% patients 
in the standard arm and 33.7% patients in the IMRT arm reported frequent or almost constant diarrhoea 
(p= 0.01) at RT completion. An updated report of the trial published in 2020 showed that physician 
reported adverse events were similar in both arms and emphasized the importance of patient reported 
outcomes. (Level of evidence: 1b) 

o The PARCER trial from Tata Memorial Centre also investigated the role of IMRT in post op cervical 
cancer with primary endpoint of late grade ≥ II GI toxicity free survival. The 4-yr Grade ≥ II late bowel 
toxicity was significantly lower in the IG-IMRT and 3D-CRT arms were 19.2% and 36.2% (HR = 
0.53;95% CI: 0.33-0.83 p = 0.005), respectively, while the corresponding 4-year grade ≥ III late bowel 
toxicity in the IG-IMRT and 3D-CRT arms were 2.0% and 8.7%, respectively (HR =0.23;95% CI: 0.06-
0.81 p<0.01). (Level of evidence: 1b) 

o Evidence for the use of IMRT for the intact cervix is still upcoming. A dosimetric meta-analysis by Yang 
et al showed that IMRT reduced the 40Gy and 45Gy small bowel volume by 17%, and the 40Gy and 
45Gy rectal volume by 37% and 40% respectively (Level of evidence: 5). In a small randomized study 
by Gandhi et al, patients receiving treatment with IMRT had significantly reduced acute (4.5% vs 27.3%, 
p= 0.047) as well as late gastro-intestinal toxicity (13.6% vs 50%, p= 0.011). (Level of evidence: 2b). 

o Small dosimetric studies comparing fixed field IMRT with VMAT have shown VMAT to be 
dosimetrically superior. In a study by Cozzi et al in cervical cancer patients, VMAT and fixed field 
IMRT had similar target coverage, with improved homogeneity and conformity, and organ sparing 
significantly improved with VMAT. Mean dose to the rectum was 36.3Gy with VMAT and 42.5Gy with 
static field IMRT. Integral dose was also reduced with VMAT. A dosimetric study by Panda et al 
comparing the Halcyon and Helical Tomotherapy systems showed that target coverage was comparable 
in both, with improved sparing of the bowel with Halcyon (reduced V40Gy and V30Gy). (Level of 
evidence: 5) 
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o The Phase II INTERTECC-2 trial that investigated the role of PET based IG-IMRT in locally advanced 
cervical cancer (LACC) found that the rates of grade >/= 3 neutropenia and clinically significant GI 
toxicity were 19.3% and 12% respectively with the use of IMRT. Furthermore, patients treated with CT 
based bone marrow sparing IMRT had higher rates of neutropenia compared to patients treated with PET 
guided IMRT (27.1% vs 8.6%, p=0.035). (Level of evidence: 2b). The ongoing INTERTECC-3 is a 
Phase III RCT comparing 3D-CRT with IMRT in LACC (NCT01554397) with the primary objective of 
reducing grade 3 haematological toxicity and clinically significant gastrointestinal toxicity.  

o Extended field radiotherapy reduced the rates of distant metastases in cervical cancer patients with para-
aortic lymph nodal involvement. Use of IG-IMRT has made EFRT has made EBRT better tolerated in 
terms of acute toxicities and safer with respect to reduced late toxicity. 

o The FLT-PET (Fluorothymidine F-18(FLT) PET) is an upcoming bio-imaging modality, that is F18 
labelled with FLT is selectively taken up by active bone marrow. Recent studies in cervical cancer 
patients have correlated dose to this active marrow in the pelvic bones to reduction in white blood cell 
counts. Establishing dose constraints by selectively sparing the FLT avid areas is a future area of 
research. 
 

• Adaptive Radiotherapy 
o The Plan-of –the –Day approach, involves creation of a library of plans with multiple ITV/PTV margins 

to account for variable bladder filling, and the most appropriate plan for that particular day is chosen. 
Though bladder and rectal sparing is modest with the adaptive approach, it is particularly useful in 
reducing small bowel dose. In a study from Medical University of Vienna, V40 Gy for the bowel reduced 
by 100 cc with the use of adaptive RT. The MR-LINAC offers an opportunity for on-line adaptive 
therapy based on organ motion. Due to the high dose delivered during brachytherapy, there is limited 
impact on central pelvic control rates using MR-Based adaptive RT, but reduction in toxicities can be 
attempted. In addition, it is an attractive option for SBRT.  
 

• Simultaneous Integrated Boost 
o Involved lymph nodal SIB shortens overall treatment time at reduced OAR doses compared to sequential 

boost. In a Phase II study by Beriwal et al, the rate of grade 3+ adverse events were 4% in patients 
receiving SIB. (Level of evidence: 2b) Larger nodes > 3 cm at presentation can be considered for 
sequential boost.  
 

• Hypo-fractionation:  
o The current COVID-19 pandemic has intensified interest in hypofractionated treatment regimens across 

all disease sites. The HEROICC trial from Canada, a Phase II randomised trial has recently started 
accruing patients. Eligible patients are randomised to receive either 45Gy/25# or 40Gy/15# as EBRT 
along with 5 cycles of concurrent weekly Cisplatin. Patients in the hypofractionated RT arm may receive 
chemotherapy even during course of brachytherapy. IMRT with daily CBCT is mandatory in the 
experimental arm, with a SIB to 48Gy delivered to gross nodes. (NCT04583254). Overall treatment time 
is a well-known prognosticator of outcomes in cervical cancer, and any attempts to safely shorten 
treatment duration must be encouraged. 
 

• On-board imaging:  
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o There have been advances in on-board imaging in recent years in terms of quality of the cone-beam CT. 
Routine CBCTs are limited in the extent of the scan (especially in the supero-inferior direction to about 
20 cm) due to limitations in size of the flat panel detector. A technique called ‘panoramic’ CBCT joins 
together CT scans taken in different imager positions using a stitching algorithm and can be used in the 
treatment verification of long treatment fields such as during extended field radiation. 
 

• Stereotactic Body Radiation Therapy (SBRT):  
o SBRT is a viable option in treating infield recurrences of cervical and endometrial cancer not amendable 

for surgical or brachytherapy salvage/ recurrences. It is also used in treating oligometastatic primary and 
recurrent ovarian cancer. The multicentric MITO RT1 study showed that SBRT was a safe and effective 
approach in treating lymph nodal and even parenchymal lesions, with local control rates of 82% at 2-
yrs. (Level of evidence: 2b). There are ongoing trials which are evaluating safety and feasibility of SBRT 
in addition to immunotherapy in metastatic or recurrent cervical, vaginal or vulvar cancers. 
(NCT03452332, NCT03277482). 

o Spatially fractionated radiotherapy (SFRT) or GRID therapy has long been a way to deliver high doses 
of radiation without exceeding the tolerance of critical structures. Microbeam radiation therapy and 
proton GRID therapy are recent technologies that renewed interest in this form of radiation. GRID 
therapy is based on the principles of the bystander and abscopal effect. It creates a sieve like pattern of 
dose distribution with intentional heterogeneity within the target tissue. SFRT has shown good response 
in squamous cell carcinomas and soft tissue sarcomas. 
 

• Protons and Heavy Ions: 
o  In gynaecological cancers, proton beam therapy has been in the treatment of para-aortic nodes, re-

irradiation or as an alternative to brachytherapy. The currently ongoing Phase II APROVE study is 
evaluating post-operative radiotherapy of cervical and endometrial cancer patients using protons, with a 
planned dose of 45-50.4GyE using active raster scanning pencil beam proton radiation. 
 

• Ovarian Cancer:  
o Traditionally, the role of radiation in treating ovarian cancer was in the form of Whole Abdominal 

Radiation (WAR) to address residual disease post cytoreduction. Role of RT gradually diminished with 
the advent of more effective cytotoxic chemotherapy. In recent years, there has been renewed interest in 
the use of WAR as consolidation therapy, delivered using IMRT.A dose of 30Gy/20# has been 
investigated in cases with advanced ovarian cancer post complete remission after chemotherapy in Phase 
I portion of the study (OVAR-IMRT-01) and heir study. The reported 4-year recurrence-free survival 
and median overall survival was 27.6 months and 42.1 months respectively with acceptable acute and 
late toxicities.  all patients completed planned treatments with no interruptions and no acute grade 4 
toxicities.  The ongoing OVAR-IMRT-02 phase-II trial will evaluate the role of WAR IMRT in the 
similar settings as above for tolerability and toxicity, quality of life and oncological outcomes. 
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Chapter 10: Bone – Soft Tissue and Pediatric Tumors 
                                                                                    Dr. Jifmi Jose Manjali,  

Dr. Nehal Khanna, Dr. Siddhartha Laskar 
 

BONE – SOFT TISSUE TUMORS 
• Introduction 

Mesenchymal tumors are lesions that arise from bone/soft tissue with an incidence of <1% of all cancers. 
Mesenchymal tumors have posed a challenge to clinicians in diagnosis and treatment. 

The diagnosis of a mesenchymal tumor is based on the integration of: 
1. Morphology 
2. Immunohistochemical characteristics 
3. Molecular characteristics 

 
• Soft tissue sarcomas (STS)  
Heterogenous & rare group of tumors  
Incidence of 5 cases/1,00,000  
70 histological subtypes as per WHO classification 2020  
Most common site is the extremity  
1. Lower>upper: 60% 
2. Trunk: 20% 
3. Retroperitoneum: 13% 
4. Head-neck and Mediastinum.  
o Randomized trials (1990s) established limb-sparing surgery and radiotherapy (pre-operative and post-

operative) as the standard of care with equivalent disease control & functional outcome 
o Technological advancements in radiotherapy has resulted in excellent local control rates, reduced 

toxicities and optimal survival through: 
1. Better tumor coverage  
2. Reduction in target volumes & normal tissue irradiated 
3. Dose escalation 
4. Stereotactic body radiotherapy for metastases 

 
Bone tumors  

Heterogenous group 
3-5% in children and 1% in adult tumors 
Most common malignant bone tumors are 
Osteosarcoma (OS): children and adolescents 
Chondrosarcoma (CS): adults 
Ewings sarcoma (ES): children and adolescents 
Chordoma (CH): children, adolescents & adults 
Ewings sarcoma (ES): Multimodality treatment (chemotherapy/ surgery/ radiotherapy) is the mainstay of 

treatment 
Chondrosarcoma (CS) & Chordoma (CH): surgery with or without radiotherapy is the standard of care. For 

inoperable tumors, definitive high dose RT with conformal techniques result in optimal disease control 
functional outcomes  
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Osteosarcoma (OS): Chemotherapy (CTh) & Surgery (Sx) remain the mainstay of treatment. For inoperable 
tumors, definitive high dose RT with conformal techniques result in optimal disease control functional 
outcomes 

Technological advancements in planning and execution of radiotherapy has resulted in better cure rates and 
decreased toxicities. 
 

• TECHNOLOGICAL ADVANCEMENTS  
1. 3-Dimensional imaging for Treatment Planning –  
a) Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) based simulation has allowed 

better soft tissue delineation, dosimetric planning and heterogeneity calculations.  
b) MRI is superior than CT in soft tissue contrast as MR allows to delineate the microscopic tumor cells as 

high intensity T2 weighted signals.  
c) The relevance of better soft tissue delineation is underscored in context of STS and bone tumors as they 

are relatively radioresistant tumors (except ES), needing doses in the range 65-70Gy for tumor 
eradication.  

d) PET-CT and PET-MRI have been used for co-registration in pre-operative RT planning. A phase I study 
has concluded that PET-MRI has improved detection of edges and tumor invasion into important 
adjacent anatomical. 
 

2. Intensity Modulated Radiotherapy (IMRT) –  
1. From 2D-RT to 3D-CRT to IMRT, we have been successful in delivering high doses to the tumor while 

avoiding critical structures.  
2. RTOG 0630 trial reported excellent outcomes with 2cm longitudinal and 1 cm radial margin in STS 

utilizing IMRT. The introduction of IMRT & reduced CTV margins as per the RTOG Sarcoma Working 
Group resulted in improved disease control & reduced adverse effects. 

3. A phase II trial from PMH has reported a significant increase in primary wound closure (93% vs 66%) 
when the skin flap was spared during pre-operative RT using Intensity Modulation. 

4. RT dose escalation in inoperable Ewings sarcoma using IMRT has resulted in improved disease control 
with no increase in toxicities as per the TMH randomized trial.   

3. Image guided Radiotherapy (IGRT) – 
1. With the introduction of IGRT, Planning Target Volume (PTV) margins for sarcomas can be reduced to 

as less as 0.5 cm.  

Together, 3D Treatment Planning & IMRT/IGRT has allowed reduction in volumes of RT with excellent 
control rates & decreased toxicities like skin reactions, bone fractures, edema and joint stiffness. The 
long term local control reported with sarcomas is 60-90% at 2 years with major long term side effects 
seen in less than 20% patients. 

4. MR LINAC –  
2. MR integrated Linear Accelerators (LAs) promise better soft tissue contrast which essential in STS and 

bone tumors (with soft tissue components). 

5. Stereotactic Body RT (SBRT) – 
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a) Metastases is seen in 20-50% of patients with sarcomas during the course of disease, in which lung is 
the most common site of metastases. 

b) Multiple studies have demonstrated a significant survival benefit in patients undergoing resection for 
limited metastases. Recently, SBRT has been increasingly used in such cases and has reported to have 
durable local control comparable to surgery.   

c) A recent meta-analysis (2020) that compared SBRT vs metastatectomy in lung metastases from 
sarcomas, reported a lower cumulative death rate and similar overall survival (average cumulative mean 
survival of approx. 4 years).  

6. Hadron Therapy – 
a) Particle therapy allows a superior dose distribution as they deposit less energy in tissue until near the end 

of range – providing excellent tumor coverage and sparing normal tissues.  
b) Heavy-ion therapy such as carbons, have a higher density of ionization at the end of range increasing the 

biological efficiency and making them less dependent on oxygen.  
c) Escalated dose with Carbon Ion therapy resulted in improvement of 5-year local control for Chordomas 

& Chondrosarcomas from 50% (photons) to 90% (Carbon Ion).  
d) A phase I/II study treated primary and recurrent extremity sarcoma with carbon ions (dose 52-70GyE in 

13-16 fractions). The local control and overall survival at 5 years was 76 and 56%, respectively. 

7. Dose painting –  
1. Simultaneous Integrated Boost (SIB) utilizing functional imaging (eg.FDG) and multiparametric MR 

can help in delineating the sub volumes for escalation/ de-escalation strategies.  
2. Studies have demonstrated the feasibility of boosting regions of high metabolic region (FDG avid) and 

hypoxic region (low perfusion in Dynamic Contrast enhanced MR) in the pre-operative setting.  
o Boosting the predicted “high risk” areas for margin positivity (tumor margin along the prevertebral 

space, posterior retroperitoneal musculature, and major vessels) after surgery to a higher dose has yielded 
encouraging results (complete macroscopic resection in 90% and 2-year local control of 80%). 

8. Adaptive RT  
a) Though sarcomas are relatively radioresistant, studies done in the pre-operative setting have shown 

disease regression in 40-50% of patients during the course of RT with a median shrinkage of 15-20%.  
b) In some patients, tumor progression can also be seen which may represent disease progression or at times 

be due to reactive edema or mass liquefaction.  
c) Cone beam CT (CBCT) used in daily IGRT has facilitated daily visualization of the soft tissue structures 

and detect such changes.  
d) Online adaptive RT is a newer approach, wherein better image guidance tools, such as MR LA, to 

perform deformable image registration and automatic contouring and re-planning. 

9. Intra-Operative RT (IORT)  
1. Was used traditionally in an attempt to increase local control specially survival in retroperitoneal 

sarcoma (RPS) for which surgery is difficult due to large size, advanced stage and tumor location.  
2. Recently, it has seen a recent resurgence of its use because of development of low-KV IORT devices 

and self-shielding mobile LAs.  
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3. IORT can be performed as adjunct to preoperative as well as postoperative RT, where a dose of 10-15Gy 
can be delivered in a single setting.  

4. Non-randomized studies have reported an increase in local control with EBRT+IORT as compared to 
EBRT alone. Neuropathy, ureteric stenosis and GI toxicities are the most commonly reported side-
effects. 

10. Radiomics  
o Radiomic techniques like texture analysis have been successfully employed to predict clinical outcomes 

like local control, distant metastases and overall survival in both bone/ soft tissue sarcomas.  
o This may effectively help in escalating or de-escalating radiotherapy to primary or metastases. 

 
 
PEDIATRIC TUMORS 
 
Introduction 
o Management of childhood cancers requires a fine balance between cure and long term effects.  
o The most common non-CNS malignancies in children include Leukemia, Lymphoma, Neuroblastoma, 

Wilms tumor, and Sarcoma.  
o A steady increase in the survival rates of pediatric tumors.  
o Improvements in chemotherapeutic drugs, better surgical techniques and radiotherapy technology has 

resulted in a steady increase in survival rates & reduced acute & long term toxicities in pediatric tumors. 

Technological advancements 
o With increasing survival rates in pediatric malignancies, the emphasis has now shifted to decreasing 

treatment toxicity. Hence, the goal of all current and future therapies focuses on both improvements in 
treatment efficacy and decreasing side effects.  

o Pediatric solid malignancies are generally considered radio-sensitive, hence requires relatively lesser RT 
doses (30-50Gy). However, this comes with the trade-off of pediatric normal tissue also being more 
radiosensitive than their adult counterparts.  

o Moreover, these side effects are often debilitating and have an impact over a longer period of time. The 
side effects most commonly associated with RT are growth and developmental failure, gastrointestinal 
dysfunction pulmonary and cardiac abnormalities, neuro-cognitive defects, infertility and secondary 
cancers.  

o As with other sites, an increase in treatment conformality along with sparing normal tissue is the main 
advantage of IMRT. However, a major concern in the pediatric population is the relatively large volume 
of low dose radiation. This can potentially lead to an increased incidence of second malignant neoplasm. 
 

1. IMRT  
o A study from Northwestern University, Chicago demonstrated the feasibility and dosimetric advantages 

of Cardiac Sparing Whole Lung Irradiation (CS-WLI, Mean dose -15Gy) with IMRT for the treatment 
of lung metastases in pediatric malignancies. There was a significant reduction in doses to the ventricles, 
atria and coronaries as compared to the antero-posterior technique.  

o Memorial Sloan-Kettering Cancer center reported excellent outcomes in Rhabdomyosarcoma – 3-year 
actuarial local control was 100% in orbit & head and neck (non-parameningeal sites), while 95% in para-
meningeal sites. Acute and long term toxicities were mild. 
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o A study from St. Jude’s Hospital demonstrated excellent tumor control with the use of IMRT in Ewings 
sarcoma. They employed dose escalation in a significant proportion of patients and reported around 5% 
of 10-year cumulative incidence of local recurrence. 

2. Proton therapy 
o Massachusetts General Hospital (MGH) reported outcomes of Retinoblastoma treated with protons. The 

enucleation free survival was 81.6% with no in-field second malignancy (SM). The 10 year SMN rates 
was significantly less compared to photons (0 vs 14%). 

o For Para-meningeal rhabdomysosarcoma (RMS) studies comparing photon vs proton therapy, reported 
significantly reduced dose to the optic structures, hypothalamic-pituitary axis and the brainstem with 
proton therapy. Late effects such as facial hypoplasis, lack of permanent tooth eruption, decreased height 
velocity, were better in the proton therapy based treatment.  

o Similar studies have been reported in orbit and bladder RMS children with favorable outcomes.  
o Studies in neuroblastoma and advanced Wilms tumor (abdominal RT) have reported decreased integral 

dose, with decreased liver dose in Wilms tumor with proton therapy. 
o Dosimetric studies performed to assess the risk of second malignancies with proton in comparison to 

photon treatment (3D-CRT/IMRT), reveal that there is twofold decrease in the rate of second 
malignancies. 

3. Carbon ion therapy  
e) Unlike in proton therapy, the experience of carbon therapy is extremely limited to skull base tumors 

giving excellent control rates. Long term follow-up is needed to evaluate the potential of carbon ion 
therapy. 

f) A study from the Heidelberg Ion Therapy center (HIT) analyzed patients with chordoma and 
chondrosarcoma, only one patient (17 in total) progressed at a median follow up of 4 years.  

g) Yet another study from the same institute have reported encouraging results with the use of carbon ion 
therapy in para-meningeal and orbital rhabdomyosarcoma, chordoma and osteosarcoma.  

h) A study in inoperable osteosarcoma treated using carbon ions to a dose of 70.4Gy RBE in 16 fractions 
was reported by NIRS (National Institute of radiological Sciences, Japan). The 5-year local control and 
overall survival was 63% and 41.7%, respectively, with 10 out of 24 patients alive at 5 years. Grade 3-4 
late toxicities were reported only in 4 patients. 
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Chapter 11: Hodgkin’s and Non-Hodgkin’s Lymphoma 
Dr. Sangeeta Kakoti, Dr. Nehal Khanna,
Dr. Siddhartha Laskar, Dr. Jayant Goda

• Introduction:
o Non-Hodgkin’s lymphoma (NHL) accounts for 2.68 and 3.27 percent of total yearly cancer incidences

and cancer related deaths respectively globally.
o Hodgkin’s lymphoma (HL) accounts for 0.87 and 0.79 percent of cancer incidences and deaths

respectively globally.
o Lymphomas are characterized by excellent outcomes with 10-year overall survival rates of around 90%

in HL and 20-70% in NHL.
o Radiotherapy constitutes an integral component of multimodality management.
o Doses in HL ranges from 20 to 36Gy, based on:

 Disease status at presentation,
 Response to multiagent chemotherapy,
 Age of the patient
o In NHL, 36-45Gy is used based on

 Site of disease (nodal vs extranodal)
 Response to chemotherapy
o The target volume has evolved with considerable reduction, from:

 Extensive volumes in Total Nodal Irradiation
 Subtotal nodal irradiation
 Involved field radiotherapy
 Most recently: Involved site/nodal radiotherapy.
o Major toxicities in long term survivors:

 Second malignancies
• Cumulative incidence of 48.5%, at a median follow up of 40 years in HL is as compared to 19% in the

general population (SIR of 4.6).
 Cardiovascular morbidity:
• Cumulative risk of 5.5% and 14% at 5 and 12 years after radiotherapy, respectively.

• Benefits with IMRT:
o Dosimetric studies:
 In mediastinal lymphomas, reduction in mean lung dose by 12% compared to AP-PA and by 14%

compared to 3D-CRT.
 Butterfly technique using VMAT results in significant reduction of OAR doses, without unnecessary

low dose irradiation to breasts (unlike in coplanar multiple-field IMRT or VMAT) and hence is a
preferred technique in mediastinal lymphomas.

o Clinical outcomes:
 In patients of early stage mediastinal HL, 3-year RFS was 98.7% for 3D-CRT and 100% for IG-IMRT

with a significantly lower incidence of grade 2 acute toxicity with IG-IMRT (p=0.043).

Deep inspiration Breath hold (DIBH) technique in Lymphomas
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Despite excellent disease-specific outcomes for patients with Hodgkin lymphoma (HL), long-term 
survivors are at high risk of late complications from their treatment. Studies where a combination of 
anthracycline based chemotherapy and mediastinal/thoracic radiation have been used have resulted in 
increased risk of second cancers and cardiac sequelae. Therefore, modern treatment protocols are 
designed using risk- and response-adapted therapies, often omitting radiation therapy despite randomized 
trials showing improved outcomes. Lymphomas, especially hodgkin lymphoma involves mediastinum 
in approximately 60%, and radiation to the mediastinum results in a number of organs at risk (OARs), 
including the breasts, thyroid, esophagus, lungs, heart, and cardiac substructures within the radiation 
field. Modern radiotherapy techniques have allowed reduction in radiation volumes resulting in 
reduction in exposure of normal tissue in patients with lymphomas. One of the advanced radiotherapy 
techniques is Deep inspiration breath‐hold (DIBH) delivered in combination with intensity‐modulated 
radiotherapy (IMRT) have been recently applied in the context of mediastinal lymphomas, with 
promising early results. Apart from mediastinal lymphomas, evidence of dosimetric benefit is emerging 
for gastric lymphomas.  
 
Outcomes of photon DIBH  

• Dosimetric Outcomes: Dosimetric Comparisons have been made between DIBH and Free breathing 
(FB) using either IMRT technique or 3D-CRT technique 

1. Clinical Target Volume and Planned Target Volume coverage: Multiple studies have shown that the 
CTV and the PTV coverage are not compromised by DIBH technique. The conformity Index, the 
homogeneity index is similar for both the DIBH or the FB technique. 

2. Heart dose: studies have shown a reduction of Mean heart dose by 1.4Gy (0-8.6Gy) with DIBH. Not 
only the heart dose but the mean doses to cardiac valves, left anterior descending artery (LAD) is reduced 
by DIBH when compared to FB. DIBH when used with IMRT further reduces the mean heart dose. 

3. Lung dose: Mean lung dose reduces by 2.0Gy (0.08-6.4) with DIBH vis-a vis FB. 
4. Breast dose: No statistically significant difference in the mean breast doses between DIBH and FB. 

However, when DIBH is delivered with butterfly Volumetric Arc Therapy (VMAT) technique, the doses 
to the breast are reduced as opposed to DIBH with full arc Volumetric Arc Therapy (VMAT) or 3D-
CRT. 

5. Thyroid dose: No statistically significant difference in the mean thyroid doses between DIBH and FB. 
 

• Long-term Clinical Outcomes: 
No clinical data exists on the effects of DIBH on either long-term disease control, clinical morbidities or 
mortalities as this technique is quite a new technique for treating mediastinal Lymphomas and it is 
currently too soon to tell if it effectively improves these outcomes. Studies have shown that DIBH 
technique does not compromise the efficacy of radiotherapy treatment as there are no reports of local 
treatment failure in patients treated with this technique. However, dosimetric studies showing reduction 
in radiation doses to certain OAR’s have not been substantiated yet with reduction in clinical morbidity. 
Long-term follow up of patients treated with DIBH will give a clear picture of its effect on clinical 
outcomes.  
 

• Late toxicity outcomes:  
Majority of the data is from mathematical modelling. There is very little clinical evidence regarding the 
actual clinical benefits of DIBH over Free breathing (FB). 
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1. Excess relative risk for myocardial infarction and lung cancer: The overall lowest risk estimates for 
myocardial infarction and lung cancer were seen with IMRT-DIBH compared with Free breathing (FB) 

2. Excess relative risk for breast cancer: No statistically significant difference was observed between FB 
and DIBH using either IMRT or 3D-CRT 

3. Excess relative risk of thyroid cancer: No statistically significant difference was observed between DIBH 
or FB 

4. Life years lost outcomes:  Based on modelling studies, Aznar et al. have showed that DIBH resulted in 
the lower total Life years lost vis-a vis FB. 
 

Excess relative risk estimates (%) 
Toxicity/sequelae DIBH 

IMRT 
FB-
IMRT 

DIBH 
3D-
CRT 

FB-3D-
CRT 

P value 

Myocardial 
Infarction 

Median 
2.1 

Median 
4.5 

Median 
2.9 

Median 
4.9 

<0.001 

Thyroid cancer Median 
<0.0001 

Median 
<0.0001 

Median 
<0.0001 

Median 
<0.0001 

NS 

Lung cancer Median 
3.7 

Median 
4.5 

Median 
3.7 

Median 
4.6 

<0.001 

Life years lost Median 
0.5 

Median 
0.6 

Median 
0.6 

Median 
0.7 

<0.001 

 
• Technique of photon DIBH 
• Deep inspiration breath Hold using photons can be delivered by various radiotherapy 

techniques. Commonly used techniques are 
‐  Intensity modulated radiotherapy (IMRT) 
‐ Butterfly VMAT technique 
‐ Full arc VMAT technique 
‐ 3D-CRT 

 
Butterfly –VMAT with DIBH is effective in reducing various OAR dose parameters. The main benefit 
from B-VMAT over full-arc VMAT is a reduction in the low dose bath to the breast and lungs while 
DIBH is effective in reducing heart doses and minimising higher doses to lungs. The dosimetric benefits 
of DIBH and VMAT are either complementary or additive but the magnitude of benefit varies in 
individual patients. 

 
Patients best Suited for DIBH:  
Patients should be screened and carefully selected after taking into account factors such as ability to 
tolerate the technique, cost, patient compliance, convenience & comfort, and potential benefit based on 
location of the lymphoma. 

• Patients with disease confined to upper mediastinum are best suited for Photon DIBH. 
• Patients with lower mediastinal disease are best suited for Proton DIBH. 
• Patients who will be able to hold their breath comfortably for at least 25-30 seconds can be taken up for 

DIBH technique. 
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Benefits with Proton beam therapy: 
• Dosimetric benefits: 

Reports show equal PTV coverage by IMPT versus IMRT including VMAT, with significant reduction 
in OAR doses in both supra- and infra-diaphragmatic sites.  

 For advanced supradiaphragmatic Hodgkin’s lymphoma, significant decrease in OAR doses up to 20Gy 
and reduction of NTCP of 0.26+/-0.22 for cardiac failure in ISRT.  

 Hoppe et al. showed that consolidative INRT to HL patients with PBT resulted in lower doses to OARs 
to the median values of 4.3Gy/CGE for heart, 3.1Gy/CGE for lung, 1.4Gy/CGE for breast, 2.8Gy/CGE 
for esophagus, and 2.7Gy/CGE for thyroid. 

 A dose comparative study of DIBH-VMAT and IMPT, by Baues et al. showed that with similar excellent 
PTV coverage, doses to breast, heart and lung were reduced by 38-83% in IMPT.  

 PBT has been shown to reduce doses to stomach to an extent of 13Gy and 8Gy compared to 3D-CRT 
and IMRT respectively, in patients of supradiaphragmatic lymphoma. Doses to other abdominal organs 
were also significantly reduced in patients of infra-diaphragmatic lymphoma.  

 PBT is shown to reduce the incidence of second malignancy as predicted by a model using ICRP 60. 
This shows its promising benefit in the pediatric population. In female patients, reduction of breast doses 
also contributes to reducing incidence of second malignancy. 

 Life years lost (LYL) from late effects (mainly dominated by lung cancer and valvular heart disease), 
calculated from OAR doses using a model, was found to be lowest with PBT in DIBH. 
 

• Clinical outcomes: 
 Three-year RFS and EFS in HL with bulky mediastinum or multiple nodal involvement were 93% and 

87% respectively with a mean reduction in dose to heart by IMPT compared to 3D-CRT of 7.6Gy and 
average integral dose reduced by 50-60%.  

 Proton Collaborative Group Registry also shows similar outcome in patients with bulky and mediastinal 
lesions in 93% of patients.   

 In mediastinal NHL with bulky lesions, ISRT with PBT resulted in 2-year PFS and OS of 87% and 96% 
respectively and none of the 24 patients had grade II or higher radiation pneumonitis. 

 In refractory or relapsed pre-irradiated HL or NHL patients, PBT resulted in impressive outcomes of 2-
year PFS and OS were 69% and 87%, respectively, without any grade 3 toxicity.  
Summary- range uncertainty and other dosimetric uncertainties leading to possibility of marginal miss 
is a potential concern while using PBT. However, recent reports convincingly show comparable disease 
control of ISRT using protons in HL are to that of photons. 
 

• Patients suitable for treatment with PBT: 
 whose mediastinal disease extends below T7 (mean heart dose is significantly lesser) 
 females with axillary disease (mean breast doses are significantly lesser)  
 who were heavily pretreated and hence at risk of radiation induced toxicity of lungs, marrow and heart 

 
Proton DIBH vs Photon DIBH for Mediastinal Lymphomas 

• Target coverage, DIBH-VMAT and DIBH IMPT both provide excellent coverage, conformity and 
heterogeneity of the clinical target volume (CTV) and planning target volume (PTV). 

• Dosimetry of OAR’s: IMPT with breath hold reduces mean doses to the breasts, lungs, heart and other 
normal tissue by 38–83%. 
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‐ DIBH IMPT significantly reduced mean doses to the heart to < 5Gy in a planning study by Cozzi et al. 
‐ DIBH IMPT significantly reduced mean doses to the breast to < 1Gy in a planning study by Cozzi et al. 
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SECTION II: PROTON THERAPY 
 

Chapter 12: Current Technology in Protons and Heavy Ions 
Dr. Jifmi Jose Manjali, Dr. Siddhartha Laskar 

 
 

Introduction 
Particle therapy with protons or heavier ions like carbon, is one of the cutting-edge areas of external beam 
radiotherapy worldwide with various options for treatment optimization. This has become an attractive 
option as it better spares healthy normal tissues from radiation compared to conventional photon therapy.  
 

• Characteristics 
o Bragg peak (physical benefit) – the depth dose profile exhibits a plateau region with a sharp increase of 

dose in a well-defined, energy-dependent depth (Bragg peak) and steep dose fall-off beyond the maximum  
o Increased Radiobiological Effectiveness (RBE, biological benefit) – differences between RBE of particles 

and photons are less pronounced for protons (RBE 1.1) than for ions (e.g., RBE 2–3.5 for C-12).  
-Though RBE for protons is 1.1, the values are much higher at the end of Bragg peak 

o Nuclear fragmentation – For ions, additional nuclear fragmentation processes lead to a fragment tail in the 
depth dose profile 
- Lateral and range straggling decreases with particle mass such that both the width of the Bragg peak and 
the penumbra of the lateral dose profile are larger for the light protons as compared with the heavier ions 
like C-12.  

• Advantages 
o The physical characteristics of particle beams allow sparing of normal tissue by reducing the irradiated 

volume (reduced risk and severity of side effects) and allows dose-escalation 
o the biological characteristics (RBE) lead to a higher effective dose 
o Reduction in integral dose – 40-60% of that given by photon therapy 
• Challenges 
o End of range un-certainty  
o Accurate and precise dose deposition of particles makes the treatment very sensitive to anatomical changes 

(e.g., changed body weight, edema) as well as organ motion and filling - minor changes can cause 
underdosage of the target (compromised tumor control) and over-dosage of the surrounding normal tissue 
(necrosis). 

o The cost associated with particle therapy is higher than that of even the most elaborate photon-delivery 
technologies 

o Reliable evidence of the relative cost-effectiveness of both modalities still pending 
 
TECHNOLOGICAL ADVANCEMENTS 
The growth of particle therapy research with a number of innovations is due in part to new technologies 
that enable better precision.  
 
 
 
 



Technology & Cancer Care 

 

Page 286 of 564 

• PROTON THERAPY 
• Rotating gantry- Initially, proton therapy was delivered with a fixed horizontal beamline. However, 

multiple beams from different directions are needed in conformal RT. This is made possible with the 
introduction of rotating gantries for proton therapy. 

• Advantages – easier for patient setup in a reproducible way 
       Ability to deliver beams from different directions. 
• Spread Out Bragg Peak (SOBP) – In a monoenergetic beam, it will be difficult to treat a volume as the 

Bragg peak will be only at a particular depth. Hence, the bragg peak of the beam is widened by varying the 
energy of the protons so as to cover the 3D geometry of the target tumor. 

• Passive scattering is a proton dose-delivery system in which a broad monoenergetic beam is used to treat 
a tumor.  

o The energy variation is brought about by accessories are used to make the beam conform to volume of the 
tumor 
- Degrader (depth dose of the beam to modulated beam)—> range shifter (shift the modulated beam to the 
radiological depth) —> scatterer (small sized beam to cover the tumor)—> collimator or aperture (lateral 
field shaping) —> compensator (compensates missing tissue and performs distal field edge-shaping) 

• Disadvantages -  
1. accessories have to be customised for each patient  
2. many materials in line of beam leading to nuclear fragments 
3. unable to control dose proximal to the target while exit dose is tailored 

 
• Pencil Beam Scanning (PBS) is a proton dose-delivery system in which the tumor is magnetically scanned 

in 2D slices by concentrating the beam in spots with a diameter of few millimeters; different slices treated 
by varying the energy. The types of PBS are discrete spot scanning, raster scanning and dynamic spot 
scanning. The advantages are  

o Increases dose conformality with better sparing of normal tissue proximal to target 
o faster treatment allowing more patients to likely benefit 
o decreases or nearly eliminates neutron scatter associated with passively scattered beamlines 
o reduces the need for expensive beam shaping accessories 
o allows for two treatment planning techniques -  

 
Single Field Optimization (SFO) Multifield Optimization (MFO) or Intensity 

Modulated Proton therapy (IMPT) 

Optimize the weights on a field to field basis i.e. 
each field is optimized individually to deliver a 
fraction of the prescribed dose to the entire 
target volume 

Spot weights are optimized together to create an 
integrated uniform target dose 

Less sparing of critical structures Better sparing of critical structures 

Less sensitive to set-up errors More sensitive to set-up errors 
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• Single-field uniform dose (SFUD) is a type of SFO in which a homogenous dose is delivered to the whole 
target volume from every field. 
 

• Intensity Modulated Proton therapy (IMPT) is a treatment planning technique in proton therapy in which 
the intensity of each pencil beam is modulate technique to achieve a better target coverage. This method 
mandates inverse planning. 

o Variable Intensity control – gives the ability to individually modulate fields in order to compensate for 
under or over-dosing from the other fields (needed for sparing critical structures) -  

o Provides dose uniformity 
o Makes possible simultaneous integrated boost (SIB) 
o Ensures distal and proximal conformity 

                                   
• Robustness Optimization and Evaluation – A small change in patient position/anatomy may cause 

significant change in the dose distribution for proton plans (cf. photon plan). Hence, it is immensely 
important to quantify and account for the effects caused by range uncertainty (3-3.4%), systematic errors 
and random errors in proton plans. There are two ways of accounting for the robustness of plans 

o Robustness Optimization (prospective) – Each spot is scored for its robustness for maintaining overall 
sensitivity to potential plan degradation and optimizes them so as to optimally satisfy the specified criteria 
simultaneously under all scenarios. The spots with poor robustness (high sensitivity to plan degradation) 
will be penalized by iteratively decreasing and eliminating their intensity. 

o Robustness Evaluation (retrospective) – The goal is to assess the resilience of a dose distribution to 
uncertainties as a part of the assessment of a treatment plan. This is done my recalculating the dose with 
set-up errors, internal motion and Hounsfield Units (HU) conversion errors. 

o In analogy with the photon domain, where the DVH of the PTV is the “worst-case” representation of the 
DVH of the CTV, for proton treatment planning one may select the CTV DVH that corresponds to the 
overall worst-case scenario for plan evaluation. 
 

• RBE based planning – Though the RBE of protons is simplistically assumed as a constant 1.1, it may vary 
substantially along the path of proton beam leading to unforeseen local failures or toxicities. This is all the 
more important in IMPT as the dose is heterogenous.  

o RBE based technique - performs IMPT optimization based on criteria defined in terms of the RBE-weighted 
dose computed using a variable RBE model.  

o Linear Energy Transfer (LET) based technique - a prioritized optimization scheme is used to modify the 
LET distribution in an already optimized plan based on physical dose, while constraining the physical dose 
objectives to values close to initial plan.  The objective function used is the product of LET and physical 
dose which helps in avoiding high values of LET in critical structures. 
 

• On board Imaging (EPID/CBCT) – Despite the greater vulnerability of proton plans to uncertainties, until 
recently the modality of image guidance was limited to kV 2D images. Recently centers have combined CT 
(Computed Tomography) on rails or CBCT (Cone Beam CT).  

o EPID – All proton therapy machines have at least some type of KV Xray sources to provide orthogonal 2D 
images for patient set-up. 

o CBCT (Cone Beam CT) – Modern proton therapy machines have imagers mounted on the gantry or nozzle 
which can provide CBCT. Some gantries are often equipped with two-three KV imaging systems, which 
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can be used simultaneously for CBCT data acquisition. Such dual imaging systems provide faster CT 
acquisition when used at the same energy and dual energy CT (DECT) when used at different energies. 

o Provides 3D volumetric data with superior soft tissue contrast compared to orthogonal X-rays. 
o Though CT (computed Tomography) on rails provide better image quality and is advantageous in adaptive 

planning, it is not in the actual treatment position. 
 

• Motion Management  
o Respiratory gating is important, and is utilized for patients with motion greater than 1 cm on 4D-CT. There 

is a large body of literature to substantiate the need and methods of motion management in photon therapy.  
o However, the extent to which these methods can be applied in proton therapy is still under study. A 

dosimetric study performed in patients of lung cancer treated with proton therapy with a PTV of 5mm 
revealed the 50% isodose line to nearly reach the gross tumor volume.  

o 4D-CT free breathing – Simplest method used for motion management in proton therapy is to generate an 
Internal Target volume (ITV) that encompasses the CTVs in all phases.  

o One method is to design an IMPT plan on the ITV. 
o An alternative method is to perform a robustness optimization which takes into account all the respiratory 

phases into account. 
 

• Rescanning technique scans each voxel of the target volume multiple times so as to smear out under-
dosage and over-dosage. This is to manage intra-energy layer interplay effect (interplay between tumor 
motion and scanning spot during the delivery of a single energy layer) and inter-energy layer interplay effect 
(interplay between tumor motion with the changes in energy layers). 
 

• Gated Treatment delivery can be used to deliver proton therapy. Like when used in proton therapy, this 
increases the time for delivery. 

o This can be reduced as 1-2 seconds of time between energy layers may be synchronized with the gate-off 
period.  

• Breath hold – This an effective way of reducing normal tissue toxicity. However, will not be practical for 
patients with compromised lung function. Also, this technique increases the time for delivery. 

• Tumor tracking with implanted fiducials is being investigated, though online motion tracking with proton 
beamlets and synchronization are technically challenging. Also, shadows created by the fiducials in the 
target dose distributions are concerning.  

• Adaptive Radiotherapy (ART) – Proton treatment plans are much more sensitive to minor variations in 
tumor size and shape. 

o  ART allows for optimization of treatment as the tumor shrinks over time. These changes are looked for in 
the on-treatment CBCTs/ CT rails or new CT image frequently.  

o If a significant difference is found, the dose distribution is recomputed in the new CT image. When this 
fails to meet the original criteria for target or critical structures, it is defined as a triggering point to 
reoptimize the plan. 

• FLASH Radiotherapy is the delivery of ultra-high dose rate RT with a magnitude much higher than what 
is used in conventional RT.  

o Mechanism of action – This is not very well elucidated. However, there is a prominent role for oxygen 
depletion and reactive oxygen species production in the irradiated tissues. 
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o Benefit – It reduces the normal tissue toxicity, while maintains the tumor control, called the FLASH 
EFFECT. 

o Conventionally, photons and electrons have been used in the delivery of FLASH RT (Dose rate 60-
100Gy/ms). The first case reported of a human patient treated with FLASH was from University of 
Lausanne, Switzerland. This case of T cell lymphoma was treated with 5.6 MeV electrons delivered using 
a specifically engineered linear accelerator designed to accelerate electrons in FLASH mode. This study 
showed encouraging results in terms of tumor control (controlled at 5 months) and toxicity (Skin gr 1 at 3 
weeks). 

o As most of the studies about FLASH RT are with electrons which presents the limitation of low tissue 
penetration, FLASH RT via proton beam therapy is a promising alternative 

o There two methods proposed for FLASH proton therapy are – single and double scattering systems. In vivo 
studies in animals have demonstrated a dose rate of >40Gy/s and 60-100Gy/s with single and double 
scattering systems, respectively. 

o Clinical data in humans for FLASH proton therapy is yet awaited. Varian company has started accruing for 
a feasibility study of FLASH proton therapy for symptomatic bone metastases in 2020.  
 
 

• HEAVY ION THERAPY 
• Carbon therapy 

Carbon ions were initially introduced into clinical practice based on the argument that they behave like low-
LET radiation in the entrance and as high-LET radiation in a deep-seated tumor from the National Institute 
of Radiological Sciences (NIRS, Japan) in 1994.  

o Characteristics – Carbon ion radiotherapy (CIRT) is similar to proton therapy in various aspects as both are 
particles. The salient differences of CIRT beam compared to proton is as follows  

o Physical aspects 
o Slow initial increase of dose followed by a steep rise to the maximum 
o Has a smaller Bragg peak width, less lateral scattering (sharp penumbra) due to lesser straggling (larger 

mass) 
o Heavier ions cause nuclear fragmentation and produce lighter ions in their pathway, which continue further 

to produce a dose tail and lighter ions. 
 

• Biological aspects 
o Higher LET particles and higher RBE (2-3.5) at the Bragg peak 
o Low oxygen enhancement ration (OER) 
o Advantages  
1. Lighter ions that are released during nuclear fragmentation can be used to monitor the beam in the patient 

using Positron Emission Tomography (PET) 
2. Effective in radioresistant tumors due to low OER 

 
 
TECHNOLOGICAL ADVANCEMENTS 

• SOBP is produced in a CIRT by Passive beam scattering using in-homogenous absorbers or energy 
variation by the accelerator (active beam scanning) 

• Rotating Gantry – Starting with fixed beam ports, rotating gantries is the recent innovation in CIRT.  
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o The first gantry was installed in Heidelberg Institute of Technology (HIT), Germany.  
o Further, the technological advancement in NIRS including installing superconducting magnets on the 

gantry led to downsizing and producing lighter versions of the same, which are installed in various 
centers of Japan.  

• Energy shifting modes have evolved overtime. The following are the modes: 
o Range-shifter scanning mode – The initial system in which only one accelerating energy was used with 

finely stepped large range shifting for SOBP formation 
o Hybrid depth scanning mode  
o Multi-energy extended-flattop extraction in which energy can be quickly changed between the other 11 

energies available 
o Energy scanning mode without range shifting 
• Pencil Beam Scanning (PBS) – Like discussed in detail above, PBS has multiple advantage over passive 

scattering like better conformality, better OAR sparing and faster treatment. 
• Treatment planning – Treatment planning systems have been integrated with 
o Triple Gaussian composition with redefinition algorithm - for accurate and efficient dose calculation 
o Trichome radiation quality - for accurate RBE at field boundaries 
o Correction for water nonequivalence of body tissues in nuclear interactions 
• Motion management – Apart from patient’s alignment, positioning and other motion management 

techniques, the scanning magnets have been developed to achieve scanning speeds as fast as 100m/s on 
the isocenter plane to paint each layer quickly. 

o 4D-CT is used to generate ITV and rescanning method helps in homogenizing the dose. 
o Respiratory gating has also been used with pressure sensor or guidance of fluoroscopic x-ray imaging 

integrated with advanced autonomous tumor tracking 
 
FUTURE DIRECTIONS 

• Magnetic Resonance Imaging Integrated Proton therapy (MRiPT) – MRI has further superior soft 
tissue contrast than CT. In contrast to photons, the magnetic field would have less impact on the proton 
dose distribution except that it may cause lateral displacement of the proton beam (around 1mm for 0.5 
Tesla). However, due to technical challenges such as magnetic perturbation on beam monitoring systems, 
shielding design of the magnetic and radio-frequency fields between the accelerator and MRI, this 
technology remains at the conceptual development and testing phase.  

• Dose Accumulation is a method which allows the assessment of conformity between planned and 
delivered dose as the treatment course progresses, especially in moving targets. This method uses 
treatment log files and breathing pattern records of each fraction along with acquiring repeated weekly 
4D-CT followed by processing and comparison, thereby helping in quality assurance. 

• Helium and Oxygen ions - Particle therapy is currently limited to protons and carbon ions, but other 
ions like helium and oxygen can be used to optimize therapy. Pilot studies at the Lawrence Berkeley 
Laboratory and Heidelberg Institute of Technology have shown encouraging results with helium and 
oxygen ions, respectively.  

• Helium is potentially very useful in radiotherapy as 
o Physical properties are superior to those of protons  
o Reduced level of lateral scattering, but also a low RBE 
o Peak: plateau ratio in helium is similar to carbon ions, hence they are good in both radio-sensitive and 

radio-resistant tumors 
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o Reduced dose halo (peripheral dose around the pencil beam caused by scattering of the primary particles) 
– making it attractive in pediatric patients as there are lesser concerns about late effects 

• Oxygen ions are  
o Useful in radiotherapy specially in radioresistant tumors as they have a good LET in the SOBP to 

overcome hypoxia and hence reduce the oxygen enhancement ratio (OER) 
o Considered to have a high LET (high peak: plateau ratio) and therefore, increase risk of toxicity in non-

malignant tissue. 
• Intensity Modulated Composite Particle Therapy (IMCPT) – While particle therapy mainly proton 

and carbon ions are considered to be successful, the fact remains that the optimum ion species is likely 
to vary with tumor site and type and is the ultimate form of ion-beam. NIRS (Japan) under the National 
Institute of Quantum and Radiological Sciences (QST) is involved in developing IMCPT where in beams 
of multiple ion species will be delivered to intentionally prescribe both dose and LET to tumor and 
separately to organs at risk by simultaneous optimization of both distributions. IMCPT will be the key 
feature of the newly initiated project (in NIRS) to develop a super compact medical ion-beam facility, 
termed Quantum Scalpel with superconducting and laser-accelerator technologies 

 

Conclusion 
 
Since 1950s, particle therapy has evolved rapidly in terms technical delivery an efficacy and still going 
through revolutionary advancements. These physical and biological advancements will significantly 
enhance the performance and reduce the cost of particle beam therapy, increasing its quality and availability 
in the health care system.  
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Chapter 13: Clinical Indications of Particle Therapy (PT) 
Dr. Sangeeta Kakoti, Dr. Siddhartha Laskar 

• Broad indications of Proton Therapy (PT): 
o Group I (improves curability) 
 Skull base sarcomas/chordomas  
 Unresectable paranasal sinus tumours 
 Ocular tumours including melanomas 
 Unresectable non-squamous cell malignancies of head and neck (e.g., mucosal melanomas or adenoid cystic 

carcinoma) 
 Hepatocellular cancers/cholangiocarcinoma  
o Group II (improves tolerability) 
 Esophageal cancers 
 Locally advanced lung cancers 
 Primary and metastatic tumours of spine 
o Group III (encouraged use of proton beam therapy, to reduce risk of second malignancy) 
 Paediatric malignancies 
o Group IV (comparative plans with photons suggested to decide need of particle therapy) 
 Gliomas 
 Mediastinal lymphomas 
 Pancreatic cancers 
 Hypo-fractionated RT to oligometastatic sites 
 Bladder cancers 
 Pelvic recurrence of rectal cancer post op 
 Retroperitoneal sarcomas 
 Reirradiation in any site 
o Group V (no definitive benefit proven compared to conformal photon therapy)  
 Early lung cancers 
 Prostate cancer 
 Breast cancer (except in specific subgroup of patients) 

 
• Site-wise indications of PT: 
o CNS 
 Challenges during irradiation: late neurocognitive and endocrine effects 
 Benefit with Proton beam therapy (PBT):  
o Lesser endocrine late effects.  
o Lesser incidence of mucositis in craniospinal irradiation (CSI). 
o Favourable toxicity profile in the reirradiation setting.  
o Improved OS shown in primary high-grade glioma. Trend of improved OS and PFS in ependymoma 

(statistically n.s., may be due to non-powered study).  
 Benefit with Carbon Ion Radiotherapy (CIRT): Feasibility not yet been proven.  
 Ideal candidates for PBT:  
o Paediatric patients  
o Patients undergoing reirradiation  
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o Craniospinal irradiation 
 Dose & fractionation of PBT:  
o Low grade gliomas- 54GyE in 30 fractions  
o High grade gliomas- 60GyE in 30 fractions 
o Medulloblastoma- 50-59.4GyE in 25-33 fractions 
o Skull base tumours 
 Challenges during irradiation:  
o Relative radio-resistance of the common tumours in this location 
o Proximity to critical structures limiting dose escalation 
 Benefit with PT:  
o Ability of dose escalation leading to higher probability of local control after both PBT & CIRT,  
o Favourable toxicity profile 
 Dose & fractionation:  
o 60.0-76.0GyE in 30-38 fractions (PBT)  
o 60.8-70.2GyE in 16 fractions (CIRT) 
o Head and neck 
 Challenges during irradiation: acute and late toxicities  
 Benefit with PT:  
o Lesser gastrotomy tube dependence after PBT.  
o Better control of non-squamous tumours (e.g., adenoid cystic carcinoma & malignant melanoma) after 

CIRT. 
 
 

 Ideal candidates:  
o Non-squamous histology for definitive RT  
o Reirradiation 
 Dose & fractionation: 
o Squamous Cell Carcinoma  
o 70-74GyE in 35-37 fractions (PBT) and 57.6-64GyE in 16 fractions (CIRT) in definitive setting  
o 66GyE in 33 fractions in post op setting (with PBT)  
o Non-Squamous Cell Carcinoma 
o 65-70.2GyE in 26 fractions in definitive and 66-70GyE in 33-35 fractions in post op setting (PBT)  
o 57.6-64GyE in 16 fractions (definitive CIRT) 
o Ocular tumours: 
 Challenges during irradiation: late toxicities 
 Benefit with PT:  
o Better LC with PBT 
o Reduced incidence of optic neuropathy 
 Ideal candidates: patients with posteriorly located large ocular lesions (especially resistant histology like 

melanoma) 
 Dose & fractionation (in uveal melanoma):  
o 60-60.8GyE in 15-16 fractions (PBT) 
o 60.85GyE in 5 fractions (CIRT) 
o Lung tumours: 
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 Challenges during irradiation: radiation pneumonitis and esophagitis 
 Benefit with PT:  
o Lesser incidence of radiation esophagitis with PBT 
o Reduced integral dose with PBT/CIRT, which may be reflected in lower incidence of second malignancies  
 Dose & fractionation:  
o Peripheral tumours- 66-70GyE in 10 fractions (PBT), 60GyE in 4 fractions (CIRT) 
o Centrally located tumours- 72.6-80GyE in 22-25 fractions (PBT), 68.4GyE in 12 fractions (CIRT) 
o Breast cancers: 
 Challenges during irradiation: late cardiovascular morbidity 
 Benefit with PBT:  
o Reduced mean heart dose in left sided breast cancers.  
o No difference in OS or DFS.  
o Early results with definitive CIRT are promising (omitting surgery). 
 Ideal candidates:  
o patients with left sided breast cancers 
o with pre-existing cardiac comorbidities 
o Esophageal cancers: 
 Challenges during irradiation: acute toxicities 
 Benefit with PBT:  
o Improved OS & DFS (Xi 2017),  
o Reduced toxicities namely grade IV lymphopenia, > grade II pulmonary/cardiac/wound events 
 Dose & fractionation:  
o In definitive setting- 60-70GyE in 30-35 fractions (PBT), 50.4GyE in 12 fractions (CIRT).  
o In neoadjuvant setting- 35.2GyE in 8 fractions (CIRT) 
o Hepatocellular cancers: 
 Challenges during irradiation:  
o Relatively radio resistant tumors  
o doses to the adjacent normal liver (risk of RILD) 
 Benefit with PT:  
o Improved OS with PBT. High rates of LC and OS after CIRT.  
o Lower risk of RILD and liver failure related deaths with both. 
 Ideal candidates: T1-4 N0 tumours, Child Pugh score <9, reirradiation 
 Dose and fractionation:  
o Peripheral type: 66GyE in 10 fractions (PBT), 60GyE in 4 fractions (CIRT) 
o Adjacent to the GI tract: 74-76GyE in 37-38 fractions (PBT), 48GyE in 4 fractions (CIRT) 
o Pancreato-biliary cancers: 
 Challenges during irradiation: proximity to normal structures 
 Benefit with PT:  
o Lesser incidence of >grade II emesis and postoperative complication after PBT  
o Improved local control after CIRT 
 Dose and fractionation:  
o 67.5GyE in 25 fractions (PBT)  
o 55.2GyE in 12 fractions (CIRT) 
o Gynaecological malignancies: 
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 Challenges during irradiation: acute and late GI & GU toxicities 
 Benefit with PT: no conclusive evidence. Early results show better outcomes with CIRT in cervical 

adenocarcinoma, but very sparse data. 
 Dose and fractionation: 72.0GyE in 20 fractions (CIRT) 

 
o Prostate cancers: 
 Challenges during irradiation:  
o Requires hypofractionation  
o Acute & late onset genitourinary and gastrointestinal toxicities 
 Benefit with PT: sparse reports reduced acute and late > grade II GI & GU toxicities including urethral 

stricture and erectile dysfunction  
 Dose and fractionation:  
o 60.0-66.0GyE in 20-22 fractions (PBT)  
o 57.6GyE in 16 fractions (CIRT) 
o Renal and Urinary Bladder cancers: 
 Challenges during irradiation: GI toxicities, relative radio-resistance of renal cancers 
 Benefit with PT: favourable toxicity profile, probable improved immune modulation (still exploratory) 
 Dose and fractionation:  
o Renal- 76-79.2GyE in 20-24 fractions (PBT), 72GyE in 16 fractions (CIRT) 
o Bladder- 73-78GyE in 30-34 fractions (PBT) 
o Anorectal cancers: 
 Challenges during irradiation: GI and GU toxicities, radiation dermatitis 
 Benefit with PT:  
o No conclusive evidence for anal cancers 
o Better local control in recurrent rectal disease 
o Favourable toxicity profile (hematologic)  
 Ideal candidates: Ca rectum with pelvic recurrence, reirradiation 
 Dose and fractionation (for Ca rectum with pelvic recurrence): 73.6GyE in 16 fractions (CIRT) 
o Soft tissue sarcomas: 
 Challenges during irradiation:  
o In preop RT- high incidence of wound complications.  
o High incidence of gastrointestinal toxicity in retroperitoneal sarcoma. 
 Benefit with PBT: no conclusive evidence. Probable benefit of improved toxicity profile in locations such 

as para-meningeal and retroperitoneal sites 
o Bone Sarcomas: 
 Challenges during irradiation: relative radio-resistance 
 Benefit with PT: improved LC and DFS in unresectable sarcomas 
 Ideal candidates: tumours located in critical locations viz. skull base, pelvis 
 Dose and fractionation: 66-70GyE in 33-35 fractions (PBT) and 64.0-74.6GyE in 16 fractions (CIRT) 

 
o Lymphomas: 
 Challenges during irradiation:  
o Late onset cardiovascular morbidities  
o Second malignancies 
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 Benefit with PBT:  
o Reduced mean dose to heart, breasts and lung in mediastinal lymphomas.  
o Second malignancy models show reduced risk of the same.  
o Control rates equivalent to photons (not inferior outcomes by range uncertainty and marginal miss) 
 Ideal candidates:  
o Patients whose mediastinal disease extend below T7 vertebra 
o Female patients receiving axillary RT 
o Heavily pre-treated patients with risk of toxicity to lungs, heart and other organs 

 
o Paediatric Tumours 
 Challenges during irradiation: second malignancy in long term survivors 
 Benefit with PT:  
o Better LC (less requirement of enucleation for recurrence) and lesser incidence of in-field malignancy after 

PBT in retinoblastoma.  
o Lesser integral dose after PBT; hence reduced risk of second malignancies.  
o Favourable toxicity profile in multiple sites. 
o Feasibility of CIRT not yet proven. 
 Ideal candidates for PBT: patients of low-grade glioma, germ cell tumours, medulloblastoma, ependymoma, 

craniopharyngioma, retinoblastoma, sarcoma 
o Benign Tumours 
 Challenges during irradiation: risk of second malignancy 
 Benefit with PT: no conclusive evidence  
 Ideal candidates: PBT may be beneficial in paediatric patients due to lesser integral dose. 
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SECTION III: MISCELLANEOUS 
Chapter 14:  MRI guided Radiation Therapy 

Dr. Archya Dasgupta, Dr. Rakesh Kapoor 

• Introduction 
o Magnetic resonance imaging (MRI) is a cross-sectional three-dimensional imaging modality based on the 

principle of nuclear magnetic resonance. Since the first human images were acquired in 1977 (taking 
approximately 5 hours), there have been significant advances in the field of MRI, with the development of 
fast image acquisition, increase in magnetic field strength, improved image reconstruction, and expansion 
from morphological to functional imaging.  

o The advent of MRI has revolutionized medicine and oncology in the last few decades, attributed to better 
soft tissue clarity with better representation of underlying anatomical architecture. MRI constitutes an 
integral role in oncology in diagnosis, disease staging, treatment planning (e.g., surgery or radiation), and 
treatment response monitoring, and imaging surveillance following treatment completion. 

o Imaging plays a pivotal role in radiation therapy (RT), helping to delineate target volume and organs at risk 
(OAR). With the development of more conformal techniques like intensity-modulated radiotherapy (IMRT) 
or proton beam therapy (PBT), the need for imaging modalities with better anatomical information has turned 
more essential. Also, the development of image-guided radiotherapy (IGRT) involving online imaging 
before treatment delivery has successfully led to a reduction of planning target volume (PTV) margins.  

o The traditional platforms for IGRT involve computed tomography (CT) in the treatment unit. The integration 
of an MRI scanner with a linear accelerator (LINAC) device was envisioned two decades earlier to refine 
treatment delivery. Recent technological innovations have successfully developed MRI linear accelerator 
(MR-LINAC) device, which had been successfully introduced in clinical practice towards MRI-guided 
radiotherapy (MRgRT). 
 

• Challenges and considerations of MR-LINAC 
o The major obstacle towards developing a hybrid MR-LINAC platform was the mutual compatibility of the 

two devices and interference of the electromagnetic waves within a static magnetic field (B0). Similarly, the 
impact of establishing an MR-LINAC facility in a common installation area with other accelerators needs to 
be duly considered due to the effect of the stray field on the adjacent bunkers requiring re-calibration. 

o Ensuring accurate treatment delivery in an MR-LINAC device had been crucial, as the electrons are known 
to be influenced by Lorentz force in the magnetic field, affected by the LINAC energy and the strength of 
the magnetic field, resulting in deflections. The secondary electrons entering a low-density region are 
reverted to the high-density area, causing higher dose deposition known as the electron return effect (ERE).  

o The clinical impact of the magnetic field can lead to increased skin doses, uncertainties at the tissue 
interfaces, and an increase in the beam penumbra. The magnetic field can be oriented parallel or 
perpendicular to the beam direction, which has different implications in dose heterogeneities. In simulation 
studies, the skin dose was significantly higher under the influence of a higher field 1.5 T magnetic field, with 
clinical studies warranted in the future to understand the impact on treatment outcomes. Similarly, the clinical 
implications of ERE at the tissue interfaces like lung, air spaces in the oral cavity, larynx, paranasal sinus, 
bone, soft tissue transit needs to be meticulously investigated.   

o Another important consideration is to be given for the use of immobilization devices, which need to be MRI 
compatible, as well as minimal interaction with the coil and minimum beam attenuation. The use of a 3-D 
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printed headrest device for delivery of MRgRT has been reported. Otherwise, commercially available 
devices are widely available for the delivery of different site-specific RT.  
 

• Development of MR-LINACs 
o The inception of an integrated MRI and RT delivery platform has transitioned from the preclinical phase to 

the clinical stage in the last two decades with the active involvement of different institutions and 
commendable industrial collaboration. The available treatment units vary significantly in terms of magnetic 
field strength (0.35 T to 1.5 T), RT delivery system (cobalt-60, 6 MV or 7 MV LINAC), magnetic field 
orientation (parallel/ perpendicular), bore size, and others.  Furthermore, systems are available that use a 
mobile MRI scanner installed on the rail and available for imaging rather than integrated into the same unit. 

o The first MRgRT clinical treatment was accomplished using a 0.35 T MR scanner with 3 cobalt heads in 
January 2014 at the Washington University. Subsequently, the system was upgraded, replacing the cobalt 
source with a LINAC system introduced into clinical practice in 2018. The LINAC utilizes a 6 MV flattening-
filter-free (FFF) device with a source-to-axis (SAD) distance of 90 cm, operating with a total of 138 double-
stack, double-focus multi-leaf collimators (MLC) having a single leaf width of 8.3 mm at the isocenter. 

o A LINAC has been integrated with a 1.5 T MRI device, with the first patients treated at the UMC Utrecht in 
2017. The LINAC is a 7 MV accelerator with 160 MLC having a leaf width of 7.1 mm at the isocenter, with 
a maximum field size of 22 cm x 57 cm.  

o Other MR-LINAC systems are under developmental phase awaiting treatment initiation in the clinical 
setting. The Australian MR-LINAC program was initiated in 2010, which describes the use of a 1 T magnet 
with a 6 MV LINAC, being conducted at the Ingham Institute (14).  As far as the latest update, animal 
treatments were successfully completed with image guidance during January 2019. A 6 MV LINAC with a 
0.5 T MRI device is being developed at the Cross Cancer Institute, Alberta.  

o An international consortium (MR-LINAC Consortium) was formed in 2012 involving 7 institutions (4 from 
Europe, 2 from United States, 1 from Canada) as founding members along with the manufacturer, with the 
objective of collaborative scientific research. The Muli-OutcoMe EvaluatioN of radiation Therapy Using the 
MR-LINAC (MOMENTUM) study was initiated in February 2019 by the consortium to generate and 
investigate multi-institutional data registry from patients treated using the new technology. The concept of 
R-IDEAL framework was introduced in 2017 to systematically evaluate innovations in radiation oncology, 
which will lead to the critical appraisal of the clinical benefits of MR-LINAC. 
 

• Standard workflow for MR-LINAC 
o The MR-LINAC treatment workflow is being developed under the premises of CT-based workflow, which 

the radiation oncology community is well versed with. The CT images are critically mandated as a 
fundamental dataset for dosimetric calculations due to the available Hounsfield units and electron density.  

o MRI-only workflow for RT planning is under active development, which generates synthetic or pseudo-CT 
from the MRI data. MRCAT (MR for Calculating ATtenuation) is a commercially available platform for 
pelvic radiotherapy, using a 3-D dual-echo mDIXON fast field echo (FFE) sequence generating three images: 
water only, fat only, and in-phase images. Furthermore, the current interest involves deep learning algorithms 
in developing synthetic-CT in different organ sites.  

o Better visualization of the target volume and OAR with online imaging on MR-LINAC opens up the window 
of adaptive MRgRT. The introduction of MR only treatment planning (dosimetric calculations) helps 
minimize the errors associated with image registration. Using an MR-image guidance protocol, real-time 
adaptation to position and shape can be made efficiently using rigid and deformable registration algorithms. 
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Planning modifications on a daily basis can be rapidly achieved using different optimization methods 
(optimizing weights and/ or shapes from segments or fluence) with a running time between 17 and 485 s.  

o Effective contour propagation strategies can facilitate image registration and auto-segmentation on daily 
image guidance protocols using different techniques like deformable image registration and convolutional 
neural network (CNN) based algorithms. 

o The concept of online virtual couch shift (VCS) was introduced in 2013, which generates a new plan based 
on the translational and rotational errors based on the shifts for the day.  The VCS has been made available 
on some MR-LINAC devices, which can have better flexibility and accuracy than physical couch shifts, 
particularly the rotational corrections possible beyond the standard limits of ± 3.0 degrees.  
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Figure 1: Workflow for MgRT Treatment 

 

• Current clinical evidence for MR-LINAC 
o As discussed in the previous section, the clinical application of MRgRT is still in its infancy, with the 2 MR-

LINACs introduced for patient treatment in the last four years. With ongoing conceptual refinements and 
applications, improving the precision of treatment delivery, better provision of adaptive RT; the actual 
clinical merits in toxicity reduction and/ or better control rates need to be solicited in the future, compared 
with the available LINAC-based RT.  
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o The 0.35 T MRgRT system reported the treatment of 10000th patient on 1st September 2000, while the cross-
Atlantic collaborative MOMENTUM study reported enrollment of the 1000th patient during November 2020. 

o In the current context of lack of top-level evidence of MRgRT, we have tried to show few relevant studies 
from individual disease sites in the following Table.   
 
Table 1: Summary of selected clinical studies using MRgRT technology 

Disease site Author 

Disease 
condition 
(number of 
patients) 

MRgRT 
device 

Dose/ fraction Comments 

Central 
nervous 
system 

Mehta et al.  GBM (3) 0.35 T 
(cobalt) 

60Gy/30# 

 Daily decrease in cavity 
 In one patient initial 

increase in edema which 
decreased subsequently 
 

Head and 
neck 

Chen et al.  
Oropharynx (11) 
Nasopharynx (6) 
Nasal cavity (1) 

0.35 T 
(cobalt) 

Median dose 
70Gy 
conventional # 

 17 of 18 patients 
completed planned RT 

 83% had a complete 
response at 3 months 

 1-year PFS 95% 
 Grade3+ acute toxicity in 

44% 

Thoracic  Thomas et 
al.  

Lung (5) 0.35 T 
(cobalt) 

50Gy/4# (2 with 
central tumors) 
54Gy/3# (3 with 
peripheral 
tumors)) 

 Treated under free-
breathing 

 Cine MRI utilized to 
monitor internal target 
volume (ITV) 

 MR-ITV10s were 46% of 
MR-ITV20min 

Breast 
Acharya et 
al.  

Post-operative 
stage 0-I (30) 

0.35 T 
(cobalt) 38.5Gy/10# BD  

 The mean difference 
between planned and 
delivered V95 PTV 
0.6%+/-0.1% 

 Minimal infractional 
motion was seen 

 
Charaghva
ndi et al.  

Pre-operative 
early-stage and 
low-risk (20) 

1.5 T- 
7 MV 
LINAC 

single dose 
APBI 
20Gy to gross 
tumor 
15Gy to the 
clinical target 
volume 
 

 All MR-LINAC plans met 
predefined coverage and 
OAR constraints 

 Preliminary dosimetry 
favored prone position 
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GBM: Glioblastoma, PFS: Progression-free survival, APBI: Accelerated partial breast irradiation,  

Abdominal  Paulson et 
al.  

Hepatocellular 
carcinoma (2) 
Liver metastases 
(7) 
Pancreas (3) 
Retroperitoneum 
(1) 

1.5 T- 
7 MV 
LINAC 

SBRT 3-6# 
Dose per fraction 
6Gy-20Gy 

 4-D MRI driven free-
breathing SBRT 

 Adapt-to-position (ATP) 
and adapt-to-shape (ATS) 
workflow executed for 
online adaptive planning 

 Median overall treatment 
time was 46 min with ATP 
workflow and 62 min with 
ATS 

Pelvis 
Werensteij
n-Honingh 
et al.  

Pelvic node 
oligometastasis 
(5) 

1.5 T- 
7 MV 
LINAC 

35Gy/5# 

 All treatment sessions were 
completed in < 60 mins 

 Online plan was generated 
for each treatment sessions, 
and accepted clinically 

 Starting from 3rd patient 
shorter MRI scan was used 
for planning and position 
verification, reducing the 
treatment time 

 Tetar et al. Prostate (140) 

0.35 T 
(cobalt) 
in 130 
0.35 T (6 
MV 
LINAC) 
in 10 

35-36.2Gy/5# 

 700 fractions, with 97% 
delivered with online plan 
adaptation 

 2D corrections needed in 
20% 

 Average duration 45 min 
(for uneventful treatments) 

 Patient reported outcome 
questionnaire (n=89) had 
shown good tolerance, 
noise disturbances most 
commonly reported 

 Intven et al.  Rectum (43) 
1.5 T- 
7 MV 
LINAC 

25Gy/5# 

 204 of 215 fractions 
delivered on MR-LINAC 

 Median in-room time per 
fraction 48 min 

 For each fraction 3D T2w 
MRI done, on which new 
contour applied using 
deformable registration and 
online replanning done 
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• Future directions 
o The introduction of MRgRT has reinforced the idea towards the execution of personalized radiation oncology 

on an individual patient basis and temporally for individual treatment sessions.  Adaptive RT needs due 
consideration to account for ongoing dynamics of target volumes rather than treating fixed volumes, with 
alteration of dose-fractionation based on real-time tracking (response) on a daily basis. Generation of tumor 
control probability (TCP) and normal tissue complication probability (NTCP) models from daily MRgRT 
may serve as a more accurate surrogate of clinical endpoints aiding mid-treatment dose modification 
(escalation-de-escalation) for target/ OARs. 

o Newer advances had led to the development of functional MRI (fMRI) and more unique sequences like 
chemical exchange saturation transfer (CEST), blood oxygenation level-dependent (BOLD), amide proton 
transfer (APT). Identification of spatial heterogeneity within the tumor harboring resistant/ hypoxic areas 
(pre-treatment or during treatment) enables the potential of delivering differential doses in the form of dose-
painting, which can be further strengthened with radiomic analysis. Similarly, better OAR sparing can be 
achieved by understanding physiological changes from the functional MRI sequences during treatment and 
adjusting the dose-constraints rather than considering traditional prefixed tolerance limits for all patients. 
For e.g., the use of diffusion MR sequences and identification of white matter tracts in the brain can help 
make adjustments to the treatment plans according to the changes in signals, which can serve as an early 
marker of radiation injury in the brain. 

o Finally, the MR-LINAC also provides a unique platform for integration with other anticancer therapies like 
MR guided focused ultrasound, which can be used to induce hyperthermia, temporary opening of the blood-
brain barrier, triggering drug delivery, microbubble (ultrasound contrast) stimulation as radiosensitizers.  
 

Figure 2: Biological adaptation based on real-time response 

 

Figure legend: Diagrammatic representation of the tentative workflow for biological adapted MRgRT. 
The first picture on the left shows the entire target volume with individual voxels planned for 70Gy. 
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The central figure represents the adjusted dose in each voxel based on functional MRI (fMRI) changes. 
Note that poor response areas escalated to 75Gy, while sites suggested good response de-escalated to 
60Gy. Figure on the extreme right shows regression of the tumor over the left lower corner and further 
adjustment of dose accordingly, with supra-escalation (80Gy) to areas continuing to have an 
inadequate response.  

• Limitations 
o The commercially available MR-LINACs are associated with much higher costs as compared to standard 

accelerators. Therefore, it will be necessary to critically analyze the forthcoming evidence in the context of 
cost-benefit analysis, which is included in stage 3 of the R-IDEAL framework. 

o The concerns regarding the dosimetric heterogeneities regarding the skin surface dose, tissue interfaces, and 
beam penumbra need to be addressed beyond simulation studies involving patients. 

o One of the limitations for the current MR-LINAC systems includes the beam energy (6 MV or 7 MV), as a 
higher energy beam is often desired to treat deep-seated tumors. Also, the leaf width at the isocentre needs 
to be reduced (available machines having width > 7 cm) to achieve better conformality. With technological 
innovations in the future, such shortcomings are expected to be addressed with upgrades of both the treatment 
delivery and imaging components.    
 

• Conclusions 
o MRgRT is a new technology introduced in the clinical practice in 2014. It promises to improve the 

therapeutic window between TCP and NTCP, primarily achieved through better image guidance and on-
treatment adaptation (anatomical and biological).  

o A nascent area of clinical research, with prospective data registry (MOMENTUM) and other emerging data, 
impact on clinical outcomes as compared to regular accelerators will be expected in the coming years.  

o Provides an active area of translational multidisciplinary research involving imaging, radiation physics, and 
biology with scopes for personalized radiotherapy, dose-painting. 
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Chapter 15: Brachytherapy 

 Dr. Raviteja Miriyala, Dr. Rohit Vadgaonkar, Dr. Raghvendra Hajare, Dr. Sreelakshmi K, 
 Dr. Anil Kumar M, Dr. Umesh Mahantshetty 

• Introduction: 

o Brachytherapy (BT) involves placement of tubes / needles / applicators into the tissues / body cavities or 
surfaces and deliver radiation through radioactive sources in the vicinity of the tumor. 

o Most conformal modality of radiation delivery.  
o Advances in brachytherapy have been similar to the external beam radiation therapy (EBRT). However, 

incorporation of modern technologies into the practice of brachytherapy has been relatively slow.  
 

• Probable reasons:  

o Larger body of evidence available for ‘conventional’ approaches  
o Need for technical skill and expertise  
o Emerging alternatives with modern radiation techniques  
o Perceived cost-effectiveness, etc.  
o Technological advances in brachytherapy in last 15-20 years have resulted in paradigm shift in use of 

brachytherapy. 
o Major advances, newer concepts and large clinical evidence generated for brachytherapy in uterine cervix, 

prostate, breast and head &neck cancers.  
o Innovations in radiation sources: 
o From early 1900s to current era: Transition from Radium226 as the predominantly used source, to other 

sources like Cesium137, Cobalt60, Iridium192, etc. 
o Miniaturized HDR Iridium192 sources, in combination with stepping source technology of remote after-

loading machines, offered unparalleled advantages in optimization.  
o Smaller source diameter and simultaneous improvements in applicator manufacturing opened up new 

avenues like intra-luminal and intra-vascular brachytherapy and increased the feasibility of interstitial 
brachytherapy in complex sites. 

o Advanced features in planning and optimization by virtue of newer algorithms resulted in an increase in 
throughput and better QA programs. 

o Miniaturized Cobalt60 sources: Enhanced specific activity, longer half-life and similar dosimetry as 
compared to Iridium192   

o The number of Cobalt60 based HDR brachytherapy units are expected to rise in the near future, largely due 
to their logistic and financial benefits.  
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Comparative advantages and disadvantages of both these sources along with their clinical 
implications are presented in table 1. 

 
o Similar to the HDR sources, western world has witnessed a transition in ultra-low dose rate sources for 

permanent implantation. Use of Aurum198 colloid for permanent interstitial brachytherapy in prostate cancer 
in the 1960s has been replaced by novel isotopes like Iodine125 and Palladium103 seeds in 1980s. Due to their 
lower energy, these isotopes offered better dose distributions and lesser radiation protection requirements. 

o Other isotopes like Ruthenium106 and Cesium131 are commonly used for orbital plaque brachytherapy and 
permanent implantation for re-irradiation, respectively.  

o However, most of these isotopes are currently not manufactured in many low and middle income (LMIC) 
countries like India. Shorter half-lives of these isotopes make it impractical for importing, thus limiting their 
widespread use in the developing world. 

Table 1 
 Iridium192 Cobalt60 Clinical significance 

Commercially 
available source 
activity 

370GBq 74GBq  Due to higher Air KERMA rate, same source 
strength can be achieved with a lower activity 
for Cobalt60 

 Though this increases the treatment times with 
Cobalt60 by a factor of 1.7 on an average, it has 
no clinically significant implications  

Photon Energy 
Spectrum (mean) 

0.355MeV 1.25MeV  Though radial dose functions are different, 
comparison of complete dose distributions (as 
per TG-43 formalism) does not show clinically 
relevant differences due to the dominant 
physical effect of inverse square law 

 Attenuation effects due to applicators or 
contrast agents are expected to be lesser with 
Cobalt60 

 Dose overestimation at air- water interfaces 
(with TG-43 formalism) are expected to be 
lesser with Cobalt60 

 Shielding requirements for installation are 
higher with Cobalt60 

Half life 74 days 5.27 years  Longer half-life of Cobalt60 translates into 
significant reduction in the need for source 
exchanges – about 20 exchanges of Iridium192 

per each exchange of Cobalt60 

 In addition to financial advantages, efforts with 
customs clearance, transport and disposal of 
sources are reduced with Cobalt60 

 In countries where timely source exchanges are 
difficult due to logistics, Cobalt60 is beneficial in 
maintaining continuous functioning of 
brachytherapy units 
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o Electronic brachytherapy:  Apart from eliminating the need for radioactive isotope, source exchanges, using 
a miniature x-ray source instead of a radio isotope offers multiple potential advantages in terms of adjustable 
dose rate, intensity modulation, lower shielding requirements etc. Though the current applications of this 
technology are limited and being evaluated in clinical research with future prospects seem promising. 
 

Innovations in brachytherapy applicators: 

• Novel applicators for remote after-loader brachytherapy systems have been developed in the last two 
decades. Greatest leaps in applicator development have been witnessed in gynecological brachytherapy  

• Advances in GYN BT Applicators:  

‐ Traditional applicators for gynecological brachytherapy have been intracavitary with a tandem and 
ovoid/ring design - made up of stainless steel (SS) which produce artefacts on CT imaging and preclude for 
use of MR Imaging. 

‐ Newer applicators made up of polymer material / titanium now more or less have replaced SS based ones, 
and are CT and MR compatible and do not produce artifacts. Currently, these benefits are offset by high cost 
and low durability compared to the stainless steel applicators. 

‐ Last 10-15 years witnessed evolution from standard Intracavitary to hybrid Intracavitary + Interstitial (ICIS) 
applicators with provision to insert needles / tubes through the mini-template in the ovoid/ ring to implant 
the parametrial tissues.  

‐ Accordingly, the tandem-ring with template in the ring as Vienna and in Ovoids as Utrecht applicators 
revolutionized cervical cancer brachytherapy.   

‐ In recent past, Vienna - II, Venezia and Geneva applicators on similar lines for implanting lateral parametrial 
tissues have been implemented in clinical practice, the additional advantage being ability to treat significant 
length of vagina. 

‐ For Endometrial cancer brachytherapy, dual and triple tandem applicators (E.g., Rotte Y applicator) have 
been developed to mimic traditional Heyman-type dose distributions for treatment of inoperable endometrial 
cancers while minor improvements in the design for vaginal cuff BT are available. 

‐ Perineal template based applicators like MUPIT have also seen modifications to accommodate newer 
imaging requirements and source size specifications. 

The newer generation GYN Applicators lack wide dissemination due to various logistics especially in 
LIMC’s & LIC’s including cost, frequent replacements and lack of training for their use.  

• Breast Brachytherapy:  
- For multi-catheter interstitial breast brachytherapy (MIB), templates like RABIT with a breast bridge to 

ensure a fixed geometry between the needles and planes have been developed.  
- Mammosite - intracavitary device has a unique balloon based design with a double lumen catheter for 

inflation and source transit. The applicator is inserted either intra-operatively or postoperatively with image 
guidance in the breast cavity and the balloon is inflated so that it conforms to the tumor bed. Major limitation 
has been inadequate coverage of tumor bed in irregular cavities by virtue of a single channel for loading. 

- In recent past, development of multichannel balloon based devices like Strut Adjusted Volume Implant 
(SAVI) & Clear-path have been implemented clinically. These devices consist of multiple struts which can 
be modulated after insertion using a knob tool, so as to adapt to the shape of the cavity. Such hybrid devices 
offer better optimization, by incorporating the advantages of both mammosite and MIB.  
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However, their utility in developing countries is limited by their cost and low potential for re-use, and MIB 
remains the most common modality for breast brachytherapy. 

• Other BT Applicators 
• Single channel applicators with very narrow diameters have been developed in the past decade, 

complementing the reduction in source sizes.  
- Intra-luminal brachytherapy for esophagus, bronchus, biliary tract, endovascular sites is relatively better 
and  
- Endo-rectal multi-channel BT Applicator has shown promising results in early rectal cancers. 
 
Innovations in Imaging: 

o Conventionally, orthogonal X-ray Based BT planning has been utilized for most sites.  
o With wide availability of CT simulators, CT Imaging has been incorporated for BT planning with major 

advantage of accuracy in catheter reconstruction. The major limitation of CT imaging being poor information 
on residual disease at BT, other imaging modalities like MR and PET were utilized. 

o MRI, by virtue of better soft tissue resolution compared to CT / PET scans, is considered gold standard 
imaging especially for cervical cancer brachytherapy. MR Based BT has in fact shown a significant 
improvement of clinical outcome in cervical cancers. However, major challenges include limited availability, 
accessibility and training for universal acceptance of MRI for brachytherapy planning.  

o Ultrasound (US) imaging- a time tested cost minimization technology is being revived to assist 
brachytherapy especially for GYN and breast cancer brachytherapy.  Development of an array of multi-
planar probes with better resolution to cater for different scenarios is being tested. Though low cost and 
easier accessibility make it a desirable alternative, ultrasound is limited by its user dependence and 
difficulties in integrating with treatment planning work flow currently. 
In summary, volumetric imaging has obvious advantages of cross sectional 3 dimensional image acquisition 
enabling verification of applicator placement, implant geometry, accurate applicator reconstruction and 3D 
based treatment planning and optimization. These advances have resulted in a paradigm shift in BT practice 
and establishing new standards – 3D Image Based Brachytherapy for various sites.  

Innovations in treatment planning systems: 

• Traditional systems for treatment planning and dose calculations in brachytherapy were based on rich clinical 
experience gained with Radium over decades. Various schools of practice, like Stockholm, Paris and 
Manchester systems were developed for intra-cavitary, interstitial and surface mould brachytherapy in the 
last century, using manual calculations of dose deposition. Though fairly accurate and reproducible, it was 
difficult to calculate and almost impossible to measure the doses received by the tumor and the organs at risk 
using these systems. 

• Development of after-loading technology, digitization of data and development of modern computers 
enabled rapid calculation of dose distributions to estimate the doses to the tumor and the surrounding organs 
at risk through surrogate points like point A, bladder point, recto-vaginal point, etc. in the 2-dimensional era. 
Incorporation of volumetric imaging, miniaturization of sources with stepping source technology, and 
development of more robust and more accurate dose calculation algorithms have opened up myriad 
possibilities for voxel based dosimetry and dose optimization. In addition, various indices like conformity 
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index, dose heterogeneity index etc. can be calculated from the treatment plans, as objective measures for 
plan evaluation and comparison. 

• Contemporary dose calculations for photon emitting brachytherapy sources are based on the 
recommendations of American Association of Physicists in Medicine Task Group - 43 (AAPM TG-43 / TG-
43U). Dose deposition around a point source placed in a water phantom of unit density is calculated and 
cumulative doses from multiple dwell positions are computed in a voxel matrix, to produce 3-dimensional 
shells of iso-doses around the reconstructed applicators. Most obvious limitation of this formulism is the 
assumption of uniform density around the applicators in vivo. Recently, model based algorithms that take 
tissue inhomogeneity and electron density into consideration have been developed. Though their clinical 
applications in current clinical practice remain experimental, they have a significant potential to perfect the 
practice of inverse planning and intensity modulated brachytherapy. 

• Advanced features in planning, optimization algorithms by virtue of newer algorithms and increase in 
through put and better QA programs.  
 

Innovations in treatment delivery: 

• In the last two decades, previously well-established low dose rate and medium dose rate systems of 
brachytherapy have been replaced almost entirely by high dose rate systems and pulsed dose rate systems. 
Long treatment times, inability to optimize the treatment plans, ceasing of manufacture of MDR treatment 
machines and sources have consolidated the dominance of HDR as the preferred treatment modality. In an 
attempt to combine the perceived radiobiological advantages of LDR with dose optimization capabilities of 
HDR, a hybrid pulsed dose rate (PDR) system was developed, where large number of fractions are delivered 
at 1 to 4 hour intervals as ‘pulses’ over a period of time. However, logistic constraints and the absence of 
significant clinical benefit over HDR have limited wider acceptance of this modality. 
In summary, with the successful implementation of the above innovations, the standard of care for 
brachytherapy has shifted from conventional BT to Image Based Brachytherapy and has evolved successfully 
in various sites including GYN, Breast, Prostate and head & Neck Cancers. Several landmark studies were 
conducted and recent evidence has been generated to support contemporary BT practice. 

 

Clinical impact of advances in brachytherapy: 

Gynecological Cancers: 

• Brachytherapy has an indispensable role in the radiotherapeutic management of cervical cancer. Evidence 
suggesting poorer outcomes in patients treated with EBRT alone, even when advanced EBRT technologies 
like SBRT or proton therapy are used has been reported. 

• Substantial evidence to show non-inferiority of HDR / PDR over historical LDR BT has shown a paradigm 
shift in BT practice for cervical cancers. With obvious advantages in patient comfort, ease of BT application 
and out-patient procedures, several prospective randomized trials (including two large trials from India) and 
meta-analyses have established HDR / PDR BT as new standard of care.   

• In the last decade, results from the IAEA multicenter randomized trial of 601 patients established the role of 
dose escalation in improving local control. When compared to 18Gy in 2 fractions, dose escalation to 28Gy 
in 4 fractions lead to improvement in local control from 78% to 88% in those receiving concurrent 
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chemotherapy and 75% to 89% in those who did not receive concurrent chemotherapy. Though there was no 
significant difference in overall survival, a strong dose-response relationship for local control was confirmed 
with acceptable levels of toxicities, establishing a new standard of care. Recently, a phase-2 prospective dose 
escalation study delivering multiple fractions of image based brachytherapy in a single BT application 
(CTRI/2017/03/008172, SIMBRACE study) demonstrated encouraging early disease related outcomes with 
acceptable acute toxicities. Though long term outcomes and late toxicities are awaited, such dose escalation 
protocols are expected to be beneficial for resource limited, high volume facilities.  

• As detailed in earlier sections, use of newer applicators, cross sectional imaging and 3D planning, Image 
Based BT has been successfully implemented for cervical cancers. Major advantage of 3D IGBT has been 
to adapt the doses to the target and organs at risk and feasibility for dose escalation which has resulted in 
better local control rates without increase in clinically relevant late toxicities and better QOL. 

• Recommendations for uniform reporting of doses and volumes in 2-dimensional planning for intra-cavitary 
brachytherapy were described in the ICRU-38 report in 1985. With developments in imaging, applicator 
design and treatment planning, 3-dimensional image based brachytherapy was formalized by GEC-ESTRO 
in 2000. Though various imaging modalities like CT, PET, MRI and Ultrasound were utilized for 3-
dimensional planning in gynecological brachytherapy, MRI remains the gold standard due to superior soft 
tissue resolution, multi-planar imaging capability and potential for functional imaging. Detailed 
recommendations regarding the use of MRI for intra-cavitary brachytherapy, including the image parameters, 
sequences, technical parameters, target delineation, applicator reconstruction, co-registration, planning, 
quality assurance etc. are published as a series of documents by GEC-ESTRO in the past decade. These have 
been incorporated in the new ICRU 89 report since 2016. 

• In short, MR IGABT involves use of T2 weighted sequences in combination with clinical examination 
findings to define various targets namely, GTV, high risk CTV and intermediate risk CTV at the time of 
diagnosis and at brachytherapy. Dose optimization at the time of brachytherapy is done to ensure adequate 
coverage of these volumes, instead of generic prescriptions to point A. Dose - volume parameters to target 
volumes (D98, D90, V100 etc.) are reported in terms of EQD2 (equivalent doses at 2Gy per fraction) to 
allow easier comparison among different dose rates and fractionation schedules. Similarly, cumulative doses 
to organs at risk are also reported in volumetric terms (D0.1cc/ D1cc/D2cc) as EQD2, for comparison and 
correlation with late toxicities. Numerous retrospective, dosimetric and prospective studies have established 
the significance of MR guided adaptive brachytherapy for cervical cancer. Initial retrospective experience 
from the Vienna group (Retro-EMBRACE) and the subsequent prospective international multi-centric study 
of MRI based image guided adaptive brachytherapy (EMBRACE) have reported excellent disease related 
outcomes with acceptable toxicities using dose escalated IGABT. Especially, use of combined IC+IS 
applicators for those with large volume residual has been shown to be of significant benefit in terms of local 
control and toxicity. Recently reported 5 year outcomes of the EMBRACE study (presented at ESTRO 2020) 
established a new benchmark for local control in cervical cancer. Apart from local control, various dose 
volume parameters have been proven to correlate with normal tissue toxicities. A non-statistical comparison 
of stage-wise local control and overall survival outcomes between 2-dimensional planning and IGABT 
planning is presented in Table 2. Based on the existing non-randomized evidence, National Cancer Grid of 
India has given an interim recommendation for transition to image based brachytherapy. However, it should 
be noted that the superiority of image based brachytherapy over conventional point A based brachytherapy 
has not yet been proven in a randomized trial; the ongoing COMBAT-Cx study comparing the both is 
expected to complete accrual in 2023. 
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Table 2: A non-statistical comparison of outcomes with 2-dimensional and 3-dimensional 

brachytherapy planning for cervical cancer 

Stage Local Control at 5 years Overall Survival at 5 years 

2D Planning 3D (MR based) 
Planning  

2D Planning 3D (MR based) 
Planning  

IB 90% 92% for IB1 and 98% 
for IB2 

85% 83% for IB1 and 
73% for IB2 

IIB 77% 91% 65% to 70% 78% 

IIIB 44% to 66% 93% 34% to 52% 64% 

IVA 18% to 48% 91% 0% to 20% 52% 

 

• Cost Benefit Evaluation: In a financial modeling study from India, it has been suggested that IGABT might 
save more lives and offers better QOL, and is an economically viable and effective alternative even in 
developing countries. There is an urgent need for appeal to policy makers for up-scaling the facilities 
accordingly. 

• However, owing to limited access to MRI and the antecedent costs of compatible applicators, alternative 
modalities like CT and ultrasound have been evaluated for image based brachytherapy. Though CT has been 
shown to over-estimate the width of HRCTV and underestimate the cranio-caudal extent of the disease 
compared to MRI, no significant differences were observed in the overall volumes and dose volume 
parameters between these modalities. While PET-CT based brachytherapy has been reported to be clinically 
feasible, associated uncertainties in applicator reconstruction may have a detrimental impact. Recent studies 
have demonstrated a reasonable concordance in target delineation between TRUS based and MRI based 
brachytherapy for cervical cancer. Indian brachytherapy society is currently developing a comprehensive 
resource guideline document for target delineation in image based brachytherapy for various contexts using 
different modalities. 

• IGABT Concepts have been extrapolated to vaginal cuff brachytherapy, recurrent cervical cancers and 
inoperable endometrial cancers.  

- In patients with post-operative vaginal vault recurrences, MRI based interstitial brachytherapy after chemo-
radiation resulted in improved local control with disease free survivals of 73% and 70% at 5 and 7 years, 
respectively.  

- Similarly, for patients having small central recurrences after definitive chemo-radiation, encouraging 
outcomes with 2-year local control of 44% and disease free survival of 42% were reported with re-irradiation 
using image based brachytherapy.  

- Radical brachytherapy for medically inoperable early stage endometrial cancer has demonstrated excellent 
disease specific survivals of 76% to 100%.  

- Retrospective studies of image based brachytherapy for recurrent or primary vulvar cancer reported good 
local control rates of 70% at 5 years.  
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In spite of encouraging results in these retrospective reports, it should be noted that target volume concepts 
for image based brachytherapy in gynecological cancers other than intact cervical cancer have not yet been 
defined and prospectively validated.    
 
Breast Cancer: 

• Radiation forms an integral part of multi-disciplinary management for breast cancer, and brachytherapy has 
a significant role in breast conservation protocols. In the early half of the twentieth century, breast 
brachytherapy was used as a palliative modality for inoperable tumors. Complementing the evolution of 
surgical techniques and systemic therapies for breast cancer, brachytherapy has gained prominence as an 
adjuvant modality - either in combination with EBRT as a boost, or alone as accelerated partial breast 
irradiation. 

• Controversies regarding benefits of boosting the tumor bed after breast conserving surgery and whole breast 
radiotherapy have been resolved after the EORTC trial, which provided irrefutable evidence for an 
improvement in local control at 20 year follow up. While this benefit is most significant for women younger 
than 50 years, tumor bed boost can be considered selectively in older women as well. Boost can be delivered 
through EBRT, electrons or multi catheter interstitial brachytherapy (MIB). Of all these modalities, MIB 
offers the most conformal dosimetry, especially for deep seated tumors and small volume cavities. Since 
cosmetic outcomes are of significant concern after breast conservation therapy, MIB has the potential to be 
superior in younger women, compared to other modalities. 

• Analysis of patterns of failure after breast conservation therapy revealed that a significant proportion (40% 
to 90%) of in-breast recurrences occur in close proximity to the tumor bed. In women with early stage breast 
cancer and limited risk factors for local recurrence, irradiating whole breast may not have additional benefits, 
compared to partial breast irradiation. Due to low volume of irradiation (tumor bed with a margin) in such 
patients, radiation can be accelerated to shorter courses, thus reducing the treatment times and improving the 
logistics and convenience for patients as well as treatment facilities. This newer concept of accelerated partial 
breast irradiation (APBI) has been shown to be safe and efficacious in terms of outcomes, cosmesis and 
logistics in randomized clinical trials from developed countries. Similar results were reported in recent Indian 
studies comparing APBI with whole breast irradiation, with excellent long term outcomes, cosmesis and 
quality of life irrespective of the molecular sub type. However, optimum patient selection is very important, 
since unacceptable results were observed in poorly selected patients. Detailed discussions on updated 
indications and contraindications for APBI are available in the consensus documents of ASTRO and GEC-
ESTRO. 

• Various techniques for delivering APBI include EBRT (3-D CRT / IMRT), intra-operative radiotherapy 
(electrons/kV x-rays) and brachytherapy (MIB / balloon based brachytherapy / hybrid multichannel 
brachytherapy / electronic brachytherapy). Though no significant differences in outcomes were observed 
among these techniques, brachytherapy has garnered special interest for APBI due to its advantages in target 
delineation, high degree of conformity, better sparing of organs at risk and reduced overall treatment time. 
This is especially so, when done as an open cavity procedure with intra-operative placement of catheters 
under direct visualization, followed by image based catheter reconstruction and planning. 

• Reirradiation with APBI: Apart from tumor bed boost and APBI, brachytherapy has been shown to be 
beneficial for re-irradiation and salvage of chest wall recurrences when used as surface mould. Recently, a 
novel method for irradiation of internal mammary region has been developed, where in, a single catheter is 
placed in the internal mammary vein during breast surgery and intravascular brachytherapy is delivered in 
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the postoperative period. Since recent evidence has established survival benefit with internal mammary 
radiation, this technique has a potential to significantly reduce the doses to mediastinal structures without 
compromising on the outcomes as compared to start-of-the-art EBRT techniques.  
 

Prostate: 

• Historically, prostate cancer was second only to cervical cancer, to be evaluated for brachytherapy – hence, 
the role of brachytherapy in the management of prostate cancer has been well established. Earliest reports of 
trans-perineal implantation of Radium for prostate cancer date back to the 1920s. In the latter half of the last 
century, low dose rate brachytherapy using permanent implantation of Iodine125 and Palladium103 seeds 
became popular, both as a monotherapy or a boost after EBRT. Though LDR brachytherapy with Iodine125 
is still widely used as a standard treatment modality for early localized prostate cancer, techniques for 
implantation and treatment planning have changed drastically in the last two decades.  

• BT Techniques: Open supra-pubic procedures of the last century were replaced by less invasive TRUS 
guided trans-perineal techniques, resulting in significant improvements in outcomes and morbidity profiles. 
Advances in seed technology through development of stranded seeds that can be visualized on ultrasound 
imaging have been shown to improve the quality and geometry of the implant.  Traditionally, LDR 
implantation was done using a two-step procedure, where in treatment planning is done on a set of TRUS 
images, and then seed implantation is done in accordance with the plan in a second procedure and later 
dosimetrically verified using post-implant CT scans. This technique has obvious limitations due to changes 
in the shape and size of the implant volume between the procedures. Current treatment planning systems 
with capabilities for real time intra-operative dosimetry and interactive planning have rendered the traditional 
two-step planning obsolete in contemporary practice, and are recommended by the ABS as the preferred 
standard of care. 

• As monotherapy, LDR brachytherapy has shown excellent outcomes in numerous single-institutional studies. 
Recurrence free survivals ranging from 71% to 93% at 5 years and 65% to 85% at 10 years have been 
reported. Based on 3-dimensional planning, strong correlation was observed between doses received by 90% 
of the volume (D90 > 140Gy) and biochemical control rates. Similarly, correlations between urethral and 
rectal doses and corresponding acute/late toxicities were observed. Recently, a landmark randomized trial 
evaluating dose escalation (ASCENDE-RT) using LDR as a boost after EBRT, reported biochemical control 
rates significantly better in the boost arm, albeit with an increase in GU and GI toxicity. 

• Development of remote after-loading systems in the 1980s has led to exploration of HR brachytherapy as a 
potential treatment strategy for prostate cancer, initially as a boost and later as monotherapy. Radiobiological 
models suggesting a lower α/β ratio for prostate cancer than the surrounding normal tissues have renewed 
the interest in dose escalation using HDR brachytherapy as a boost after EBRT. While HDR as monotherapy 
has not shown significant advantages, dose escalation with HDR boost improved biochemical control, GU 
and GI toxicities. 

• Prostate brachytherapy has not gained significant acceptance in developing countries like India. This could 
be attributed to a multitude of reasons, like lower incidence of early prostate cancer, lack of availability of 
LDR sources for permanent implantation, operator dependence of the procedure, concomitant developments 
in EBRT technology allowing safe dose escalation and hypofractionation with excellent results, etc. Recent 
efforts to launch manufacturing units for LDR sources like Iodine125 and increasing incidence rates of 
prostate cancer are expected to resurrect the practice of prostate brachytherapy in India in the next decade. 
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Head and Neck Cancers: 

• Recent trends in practice of radiation oncology for head and neck cancers have shown a decreasing utilization 
of brachytherapy. While it can be partly attributed to the improvements in surgical and EBRT techniques, 
brachytherapy still has a significant role in organ preservation, cosmesis, dose-escalation and re-irradiation. 
Novel techniques like sub-mandibular gland transfer and use of specialized catheters as self-retaining loops 
in brachytherapy for reducing the doses to normal tissues have been reported in prospective Indian studies 
in the past two decades. 

• Reports on brachytherapy experience in head and neck cancers from India suggest reasonably good outcomes 
– both local control rates and toxicities, and that there is a potential for optimal utilization of the resources. 
Hence, BT in head and neck cancers is considered as a resource sparing modality, so as to accommodate 
more number of patients on EBRT machines. 

• Recent ESTRO – ACROP guidelines detailing various processes for successful implementation may be a 
good guide for centers to implement brachytherapy in head and Neck Cancers systematically. However, the 
major challenge still remains the skill, expertise and lack of teaching faculty.  

 
Other sites:  Advances in technology have permitted the use of brachytherapy in various sites for organ 
preservation. 

• Soft tissue Sarcomas: Image based interstitial brachytherapy after surgical excision, either alone or as boost 
in low grade and high grade sarcomas, is an excellent example of organ preservation (especially limbs). 
Excellent long term outcomes with acceptable toxicity profiles were reported in pediatric soft tissue sarcomas 
treated with intra-operative interstitial brachytherapy. 

• Low GI Cancers: BT as a boost after chemo-radiation has been reported to have excellent sphincter 
preservation rates in anal cancer. Similarly, ongoing prospective studies are evaluating the role of endo-rectal 
brachytherapy as a non-operative management modality for early rectal cancers. Satisfactory local control 
rates with good functional outcomes have been reported with the use of HDR brachytherapy for early stage 
penile cancers.  

• Esophageal, Endobronchial & Endobiliary Cancers: Prospective studies in the past decade have 
established the role of brachytherapy as an effective palliative modality in the management of esophageal, 
endo-bronchial and biliary tract malignancies. 

• Ocular brachytherapy: BT using Ruthenium106, Iodine125, Strontium90 plaques has been reported to be an 
effective modality for vision salvage in retinoblastoma, uveal melanomas and other non-malignant 
conditions like choroidal hemangiomas.  
 
Future directions: 

• Accurate catheter reconstruction is the most critical step in BT planning. One of the efficient ways to increase 
precision is the use of electromagnetic precision. This technology independently tracks BT applicator and 
performs reconstruction. This technology has a potential to be used to automate quality assurance in BT 
planning.  

• Use of three dimensional printers in manufacturing fabricated BT applicators is a cost effective method to 
tailor personalized BT applicators. 
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• Intensity Modulated BT and biomarker or biology based BT planning, where doses can be optimized 
depending upon the geometry of the implant and tumor characteristics, will further lead to a significant 
improvement in dose delivery.  

• Incorporation of Artificial Intelligence / Deep Learning has a potential to improve the brachytherapy 
processes including pre planning, accurate placement of catheters, QA programs and newer source 
technologies. 

• Training and skill development methods to increase the utility of brachytherapy for both common and 
challenging sites are needed. 

• To generate cost effective, cost minimization, and robust evidence for brachytherapy and to implement it in 
LMIC’s / LIC’s & UIC’s, towards elimination of common cancers. 
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Chapter 16: Artificial Intelligence in Radiation Oncology 
Dr. Priyamvada Maitre, Dr. Naveen Mummudi 

 
• Understanding Artificial Intelligence: 
o Artificial intelligence (AI)  
o Broadly encompasses the potential of a machine to perform a task that would require human thought.  
o Utilizes advanced algorithms analyse complex relationships within observational dataset, with implied 

potential for improvement based on successful completion of assigned tasks.  
o Machine learning: 
o Computational algorithms which are trained to perform specific tasks on the pre-existing data.  
o Classifiers (Computational models): Models based on computational algorithms. 
 Capable of predicting outcomes from new input data.  
 Composed of multiple processing layers to represent the input data.  
o The process of deep learning, where data derived from first layer act as input data for the subsequent layers.  
o These models when connected in a larger network for performing more complex computations, form deep 

neural networks, where all units in the network train and evolve simultaneously.  
o Overtraining or overfitting  
o Common limitation of AI model 
 Occurs when training dataset is too small or homogenous.  
 Model fails to perform the learned tasks on a more generalised input data.  
 Therefore, training data is critical to reliable prediction of outcome from AI models. 

 

 
 
Scope of Artificial Intelligence in Radiotherapy: 
Radiotherapy workflow is uniquely suitable to potential optimization by AI based methods due to being 
technology-intensive and data-driven. AI can handle demands of increasingly complex technicalities of RT 
delivery process at every step with greater accuracy and speed.  

Artificial Intelligence: Machine's potential to perform tasks requiring human intelligence  

Machine Learning (ML): Implementation 
of computing methods to support AI 

Deep Learning (DL): Layer-
based process of learning 
data, using each layer as 

input for the next  

Deep Neural Networks (DNN): 
Interconnected network of 

simple units to perform 
complex tasks 

Classifier:  ML model that can be 'trained' 
to predict outcome from input data 

Overtraining: Failure to 
generalise model to 

larger datasets due to 
limited training data  
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1) Simulation imaging and image registration for radiotherapy planning- 
• Improvement in integration of MRI and CT images for enhanced soft tissue visibility 
• Generation of synthetic CT scan from MRI image dataset acquired in treatment position. This can potentially 

replace simulation CT scan, especially for brain and pelvic tumours where MRI is the preferred imaging  
• Deep learning and convolutional neural network (CNN)-based methods can provide faster registration of 

different image datasets in real time as compared to traditional intensity-based models 
• AI models for predicting image deformations perform pixel/voxel-wise mapping between image appearance 

and registration parameters 
• Conventional optimisation-based methods rely on iterative optimization to improve the quality of image 

registration. Hierarchical application of CNN regression allows breakdown of the complex tasks into simpler 
sub-tasks of local zones which are learned separately. Computational efficiency is improved while 
maintaining the quality of registration  
 

2) Structure segmentation-  
• AI based methods save time in this rate limiting step of RT planning 
• Reduction in interobserver variability and improved consistency 
• Machine learning integration into knowledge-based algorithms such as atlas-based contouring, statistical 

shape and appearance models 
• Integration into region-based methods such as adaptive thresholding, graph cuts and watershed contouring 
• Deep learning based contouring can be better and time-saving than atlas based contouring for organs-at-risk 

segmentation in mediastinum, pelvis and head/neck  
• Deep dilated convolutional neural networks promising for clinical target volume contouring in cancers of 

rectum, prostate and breast. 
 
 

3) Radiotherapy plan generation 
• Improved knowledge-based planning using machine learning for more consistent planning. 
• Faster planning, especially important in adaptive planning scenarios. 
• Addition of tumour biology considerations into RT planning. 
• Integration of patient factors into plan evaluation and decision-making support for dose trade-offs. 
• Automated radiotherapy planning and optimization workflow in for prostate radiotherapy showed high rate 

of achieving clinical constraints and acceptability for treatment. 

Simulation 
imaging and 

image 
registration

Structure 
segmentation

Radiotherapy 
plan 

generation
Quality 

assurance

Treatment 
delivery and 

adaptive 
planning

Toxicity 
prediction

Response 
estimation

Follow-up 
surveillance

Outcomes 
prediction
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• Automated radiotherapy planning for head and neck cancers optimised using voxel based dose prediction 
and dose mimicking method generated plans within 15 minutes showing dose distribution similar to clinical 
planning. 
 

4) Quality assurance (QA) 
• Machine learning anomaly detection methods can improve QA process, have shown high sensitivity and 

specificity in preliminary validation study in lung stereotactic body radiotherapy (SBRT). 
• Early identification of flaws in planning to prevent delays in QA and treatment initiation, improve QA pass 

rate. 
• Flagging of IMRT plans which are at highest risk of failure in QA process, to help medical physicists 

prioritise QA time and efficiency.  
• Machine learning can identify risk of positional errors of multileaf collimators (MLCs) during execution of 

complex IMRT plans. Comparison of actual position of MLCs during treatment delivery as compared to 
predicted positions during dose planning, can improve the reproducibility of planned dose to the final 
delivered dose.  

• Rapid identification of sources of discrepancies in event of QA failure, potentially eliminating the need for 
physical dose measurements. 
 

5) Treatment delivery and adaptive radiotherapy- 
• Improved tumour tracking for radiotherapy to the tumour sites susceptible to physiological motion. 
• Learning breathing patterns for mediastinal and abdominal treatments and automated precise couch 

adjustments in real time to counter motion. 
• Automated robotic system developed for mask less head & neck radiotherapy, which detects up to 2mm of 

difference between reference and actual position and automatically controls air pressure within an inflatable 
head cushion for precise positioning. 

• Assist physicians in supervising variations during treatment course by evaluating daily set-up variations and 
anatomical changes, for early identification of adaptive replanning requirement. 

• AI-based algorithms for tracking deformation of changes in tumour and normal tissue volumes during 
adaptive replanning process. 

• Improved image registration, auto-contouring of organs of interest, and plan comparisons with accurate 
calculations of cumulative doses enhance the efficiency of adaptive radiotherapy. 

• Effective implementation of online adaptive MR-guided radiotherapy for generating optimised treatment 
plans in real time, based on the anatomy of the day as seen on MRI, especially for gastrointestinal tumours 
and prostate cancer.  
 

6) Toxicity prediction- 
• AI models based on modern conformal techniques rather than on historical cohorts of conventional 

techniques. 
• Prediction of risk of radiation pneumonitis after stereotactic body radiation therapy for early stage non-small 

cell lung cancer using machine learning algorithms, whose accuracy improves with increasing input datasets 
and events. 
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• Deep neural network-based prediction of hepatobiliary toxicity after liver SBRT outperformed DVH-based 
predictions, with integration of patient data of demographics, hepatic comorbidities, and liver-directed 
therapies. 

• Machine learning model using feature calculation of rectal dose surface maps in gynaecological 
brachytherapy predicted rectal toxicity with higher accuracy than conventional GEC-ESTRO parameters.  

• Prediction of severe acute dysphagia during radiotherapy for head and neck cancers using various machine 
learning models identified dose to pharyngeal mucosa as an important predictor of dysphagia. 

• Sensorineural hearing loss after head and neck chemoradiation predicted using CT image based feature 
selection through a combination of cochlear radiomics with clinical and dosimetric variables. 

• Predictive modelling of bowel and bladder toxicities following prostate radiotherapy, using DVH 
parameters, texture analysis of dose distribution maps, and non-treatment-related predictors. 
 

7) Response estimation- 
• Quantification of patients’ radiosensitivity and predicting the risk of esophagitis in lung cancer patients 

treated with IMRT or proton therapy using CT imaging based biomarkers (18). 
• Analysis of intratumor heterogeneity and associated radiomic features demonstrated association with tumoral 

gene-expression patterns, which could potentially identify distinct phenotypes in cancers of lung and 
head/neck. 
 

8) Follow-up surveillance- 
• Determine appropriate follow-up frequency by identifying patients at highest risk of failure or treatment 

toxicity. 
• Assist physicians in deciding need for intensifying post treatment evaluation, better tailoring of surveillance 

imaging or tests. 
 

9) Prediction of outcomes- 
• Development of prognostic models accounting for multiple tumour-related and patient-factors. 
• Estimation of risk of recurrence / metastasis: 
• Prognostic models were developed to predict the risk of distant metastasis in HPV-related oropharyngeal 

carcinoma, using four radiomic biomarker features in the radiotherapy planning CT images.  
• In locally advanced non-small cell lung cancer, radiomic features of peritumoral rim were combined with 

clinical predictors to generate and validate risk model for development of distant metastases. 
• A deep learning based model was developed to predict survival in hepatocellular carcinoma, using RNA 

sequencing, miRNA sequencing, and methylation data from The Cancer Genome Atlas HCC. 
• Models based on statistical prediction and quantitative radiomics being developed predicting survival in 

advanced lung cancer treated with chemoradiation. 
 

• Potential limitations and pitfalls: 

While rapid advances are being made in the AI domain, a few limitations must be kept in mind considering 
the present status of this field. Currently existing technology is largely based on data from the developed 
world, with underrepresentation of many populations. This limits the reliability of outcomes predicted by the 
AI models when generalised to these patient groups. Lack of standardisation and validation on diverse 
datasets is a major obstacle to clinical acceptance of AI models. This has to be countered by meticulous 
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reporting of the characteristics and results of the prediction models, enabling reproducible research. 
Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis 
(TRIPOD) initiative is a welcome approach, which provides a checklist of minimum set of details for 
reporting AI research. Another limitation is the susceptibility of AI algorithms to seemingly minor deviations 
in the input data. Small changes in images characteristics could cause unexpected misdiagnoses, while 
completely different images may be misclassified based on inappropriate pattern recognition. Finally, end 
users may be deterred by the highly complex nature of the algorithms themselves, which is difficult to 
translate in human terms. From the clinician’s point of view, the AI process is nearly opaque and only the 
input and output data may be understandable. This raises valid concerns regarding performance evaluation 
of the models, and even ethical questions of implementing the predictions into treatment decision-making. 
These limitations underscore the need for close human monitoring when integrating AI based approaches 
into the therapeutic workflows.  
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Chapter 17: Health Technology Assessment in Radiation Oncology 

Dr. Shwetabh Sinha, Dr. Sarbani Ghosh Laskar,  
Dr. Siddhartha Laskar, Dr. Jai Prakash Agarwal 

• Health technology assessment (HTA) refers to the systematic evaluation of properties, effects, and/or 
impacts of health technology. It is a multidisciplinary process to evaluate the social, economic, 
organizational and ethical issues of a health intervention or health technology. 

• In reference to Radiotherapy (RT), HTA encompasses a much broader array of capital investment/ 
expenditure and utilization sources than other medical disciplines. This is due to the requirement of 
treatment delivery machines {External Beam Radiation Therapy (EBRT)/ brachytherapy} for a 
Radiation Oncology (RO) setup.  

• Additionally, the requirement of multiple dimensions of technical expertise (viz. radiation oncologist, 
medical physicist, dosimetrist and radiation therapy technologist) make HTA for RT a complicated 
paradigm. 

• The technology for RT planning and delivery is evolving every day and hence an accurate estimation of 
the future cost of these technologies and the associated incremental benefit is next to impossible. 

• Low Middle-Income Countries (LMICs) as defined by the WHO with a GDP between have a paradoxical 
situation with regards to the common cancers and the radiotherapy coverage. As per the Lancet Oncology 
commission report, the most common cancers of LMICs such as India include cervical (ASR 14.2), 
breast (ASR 25.) and head & neck cancers (ASR 29.4) with an RT utilization rate of 71%,87% and 74% 
respectively. On the other hand, the estimated shortfall of teletherapy machines, brachytherapy 
machines, radiation oncologists, medical physicists and technologists in India are approximately 4500, 
1000, 4000, 3830 and 5300 respectively. This poses a unique challenge for not only the policymakers 
within the government but also at the level of the hospital administration.   

• The initial investment cost for a telecobalt machine is approximately 10-60% of a linear accelerator in 
India. While Intensity Modulation Radiation Therapy (IMRT) is the preferred modality of delivery for 
more than 60% of the common cancers, conventional radiotherapy may still have equivalent outcomes 
and toxicities in appropriately selected patients and cancers in LMICs. However, the required number of 
source changes, the associated risk of radiation hazards, the manpower required for a specific type of 
machine as well as the maintenance charges make the decision regards procurement of machines a 
complex one. Similarly, there is a growing concern within the oncology community in India regarding 
the cost-effectiveness of a brachytherapy setup. 

• A review by Chopra et al. suggested that there is a deficit of 53 brachytherapy treatment machines for 
the treatment of cervical cancer across the country. Nevertheless, many modern cancer centres in India 
prefer to offer only EBRT facility and refer patients for Brachytherapy to a nearby equipped centre as a 
part of a collaborative agreement. Most other centres still prefer to have their own brachytherapy setup. 
The brachytherapy utilization rates of less than 5-10% for most cancers except cervical/ endometrial 
cancers, the reducing incidence of cervical cancers worldwide, the periodic requirement of source change 
and the diminishing brachytherapy expertise across the country poses a major question with regards to 
the more efficient of the 2 approaches in terms of economic feasibility. 

• These and many other related questions (e.g.  procurement of dedicated CT simulator for RT department 
versus time allocation with radiology department) in radiation oncology can be answered at least partially 
by a systematic health economic analysis of the various available options. In the subsequent paragraphs, 
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we discuss a schema for health technology assessment in terms of monetary investments, expenditures 
and subsequent income generation in Radiation Oncology. We will also discuss the methodology for 
estimating the direct benefit of a technology/ intervention, usually described in terms of survival and 
toxicity outcomes in terms of economic gains (Economic analysis of health care interventions). 

Economics of a new Radiation Oncology setup in India 

• General Considerations 
1. The area to be catered to including the geopolitical extent, the most prevalent cancers, other existing 

cancers and the state norms/ regulations with regards to setting up of new hospital should be kept into 
consideration. This should also take into consideration other support necessary to setup a radiation 
oncology facility which includes electricity, accessibility and the terrain. 

2. Collaboration with an existing medical facility such as a medical college without an existing RT 
infrastructure may be considered instead of hiring additional support staff for the running of a centre 
which may significantly subsidize the initial investment. Also, the cost of land procurement should be 
taken into consideration.  

 

• Initial Capital Investments        
1. Land Cost/ building cost:  
o In addition to the treatment bunker and the areas directly involved in radiation therapy planning such as 

CT simulator area, physics room etc. the building should have a provision for reception, treatment 
preparation, consultation areas, anaesthesia room, mould room, waiting area, parking area, nursing area 
and toilet.  

o Provisions for expansion should always be there even if the initial phase of the setup has limited 
equipment. Hence, ideally, each new Radiotherapy setup should have at least 2 bunkers with shielding 
requirements for dual-energy linear accelerator and a dedicated space for Brachytherapy suite if planned 
in future.  

o The recommended floor area required for each of the spaces is available from the IAEA/ AERB website. 
Consideration should also be given to the location of the department i.e., basement vs ground floor with 
respect to the costing, especially for installations in areas prone to flooding.  

2. Equipment: 
o For most new centres, a linear accelerator (LINAC) with IMRT/ VMAT capability is the preferred first 

machine despite the higher initial investment.  
o Intensity Modulated Radiation Therapy (IMRT) is now the standard of care for head and neck cancers, 

oesophageal cancers, lung cancers, prostate cancers and post-operative gynaecological cancers. Also, 
IGRT with either electronic portal imaging or cone-beam CT is preferred or at least should be considered 
as a provision for upgrade in the future.   

o Most models described in literature favour a 2 EBRT machine rather than 1 machine model for optimal 
efficiency and economic sustainability. However, it may be best to plan 2 bunkers, with installation of 
only 1 unit, pending the availability of adequate capital. This machine may or may not have higher energy 
(≥10 MV) depending on the expected average patient (s) and sites to be treated. 
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o Similarly, for simulation, a CT based planning system rather than a conventional simulator should be 
opted for. The decision of sharing a CT simulator with a diagnostic radiology department can be taken 
as per administrative policy and expected throughput in the initial years.  

o The decision of having a brachytherapy machine or collaborating with existing brachytherapy facilities 
in the initial phase can be made depending on the expected number of brachytherapy patients. If there is 
no other brachytherapy facility in the surrounding area, the decision to install a 3 channel unit may be 
taken as most of the load maybe intracavitary brachytherapy for Carcinoma of the uterine cervix. This 
should also account for the purchase of standard brachytherapy applicators, at least 2-3 sets. 

o In recent times, most new cancer centres prefer a Cobalt brachytherapy machine rather than Iridium 
because of the lesser number of source changes required during its lifespan. The cost effectiveness of 
Cobalt brachytherapy setup over Iridium was recently discussed in review by Hayman et. al. 

o Additional initial equipment costs should include immobilization devices and dosimetry/quality 
assurance equipment. Additional treatment planning system should also be accounted for. 

3. Manpower:  
o The AERB has provided guidelines in 2011 for the minimum staffing requirement in an RT centre. As 

per this the minimum staffing required for a RT centre is as follows: 1 chief radiation oncologist, 1 
additional radiation oncologist for every 400 patients treated annually, 1 medical physicist per 500 
patients treated annually, 1 radiological safety officer, 1 chief RTT, 2 or 4 RTT per teletherapy unit for 
up to 40 or 80 patients treated daily per unit respectively, 2 RTT for simulator for 500 patients simulated 
per year and additional brachytherapy and mould room RTT.  

o Most new RT centres now however (typically comprising of 1 LINAC machine with IMRT capability, 
1 brachytherapy machine and 1 CT simulator, functioning on a 8-hour model 5 days a week should treat 
approximately 500-700 new patients annually) may consider appointing 1 chief radiation oncologist, 2 
junior radiation oncologist, 1 chief medical physicist, 3 junior medical physicists, 1 chief radiation 
therapist, 6 junior radiation therapist and 1 dosimetrist.  

o One of the staff, if not more, in Radiation Oncology should also be a certified Radiation Safety Officer 
(RSO). These numbers may be truncated or expanded depending on the prevailing and expected scenario. 
Additionally, nursing and support staff should be hired as per the anticipated workload. It should be 
mentioned that in any cost-effectiveness analysis the number of man-hours required and the expenditure 
for the same should be included in the overall estimate of the cost. 

4. Recurring Cost:  
o The recurrent cost for functioning includes the maintenance of the treatment machines and simulators, 

the civil expenditure (electricity, air conditioning, water supply etc) and the salary of staff. 
o A comprehensive maintenance contract (CMC) for at least 10 years with the vendor for the RT machines 

should be ideally included. Any other EMI against the initial capital investment that needs to be paid off 
should also be included. 

5. Cost to the patients:  
o A recommended estimate for the RT techniques with which patients are treated is 50% IMRT and 50% 

conventional/3D-CRT annually. This estimate although extrapolated from western data can be valid for 
LMICs too.  

o Based on this and the expected patient population to be treated (out of pocket payees, credit patients, 
government scheme eligible and subsidized patients and their respective proportion) an RT rate package 
should be worked out. Charging per fraction or for a range of fractions or a combination of both strategies 
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is acceptable. A reasonable estimate for break-even time can be 5 to 7 years after the installation of an 
EBRT machine.  

o Similarly, brachytherapy cost to the patients should be decided on the basis of the number of carcinoma 
cervix/ endometrium patients expected as these are the main sites utilizing brachytherapy. However, as 
mentioned above breaking even for a brachytherapy machine may take longer than EBRT.  

o Additional sources of funding such as those from Corporate Social Responsibility (CSR) grants should 
also be sought. 

o Incremental Cost-Effectiveness Ratio (ICER) and Willingness to Pay (WTP):  
o In health economics, the incremental cost-effectiveness ratio (ICER) is a statistic used to summarize the 

cost-effectiveness of a health care intervention.  
o It is defined by the difference in cost between two possible interventions, divided by the difference in 

their effect. It represents the average incremental cost associated with 1 additional unit of the measure 
of effect. ICER is sometimes used synonymously with cost per quality-adjusted life-year (QALY) 
gained. 

o Willingness to Pay (WTP) refers to the amount a consumer is willing to pay for the anticipated benefit 
from a particular technology/ technique. For e.g. in a national survey in the USA, the most common 
WTP for switching to Co 60 brachytherapy from Ir 192 brachytherapy with the anticipated benefit of 
fewer source changes required was <25,000 USD> 

• Estimating the health benefits of technology in radiation oncology  
o Estimating the health benefit of intervention and comparing these interventions in terms of monetary 

input or value is an arduous task for all disciplines of medicine in LMICs. The evaluation of these 
interventions requires the use of multiple pre-defined endpoints.   

o The most common of these are cost minimization, cost-benefit, cost-effectiveness and cost-utility.  
o Out of these the most commonly used endpoint is cost-effectiveness which is defined as the net cost 

divided by changes in health outcomes. The health outcomes can be either in terms of the number of 
disease or toxicity related endpoints averted or other endpoints such as the number of cancers prevented. 
Utilizing cost-effectiveness as an endpoint although appealing requires estimation of cost estimation at 
all levels incurred by the hospital as well as the patients. This has been briefly described in the above 
section. 

o Cost-utility analysis on the other hand instead of using health outcomes as endpoints utilizes Quality 
Adjusted Life Year (QALY) as an endpoint.  

o A QALY is the discounted value of health care that adjusts survival by a patient preference for the health 
state a patient was /in at a time of measurement. While more appealing as an endpoint especially when 
comparing non-similar interventions, a more challenging task is the estimation of QALY associated with 
a particular disease/ health state and associated difference between the interventions in terms of QALY.  

o A commonly utilized tool for assessing the quality of life in health technology assessment is the EQ-5D-
5L questionnaire. It is a generic questionnaire applicable in general across all diseases encompassing 
five domains: mobility, self-care, usual activity, pain/discomfort, and anxiety/depression, and each 
domain has five levels: no problems, slight problems, moderate problems, severe problems, and extreme 
problems. These levels are assigned numeric values between 1 to 5. With these scores, a single utility 
score depicting the quality of life of the patient (range between 0 and 1) is generated.  

o The reference values to generate the utility score is not available for India, so as of now as per the draft 
Indian reference case for undertaking health technology assessments the values of a neighbouring 
country like Thailand may be used. Additionally, the EQ-5D-5L has a Visual Analogue Scale (VAS) 
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component where patients rate their quality of life on a scale of 1-100. Cumulative QALYs and VAS–
adjusted life-years (VAS-ALYs) can be calculated by applying linear interpolation and estimating the 
area under health utility and VAS curves. 

o With reference to radiation oncology, this can be used to assess if the additional cost of new technology 
is justified for the improvement in survival or toxicity anticipated. For e.g.: in a comparative cost-
effectiveness study comparing 3D-CRT and IMRT in post-operative carcinoma cervix patients by Chen 
et al., it was found that IMRT had an ICER of $235,233 (year 1), $114,270 (year 2), and $75,555 (year 
3) per QALY gained which was more cost-effective than 3D-CRT. Using a similar method Verma et al. 
in a systematic review concluded that Proton Therapy is cost-effective for paediatric brain tumors, well-
selected breast cancers, locoregionally advanced NSCLC, and high-risk head and neck cancers. Also, 
proton therapy was shown to not be cost-effective for prostate cancer or early-stage NSCLC. 

 

• What should be called cost-effective? 
o A commonly used estimate for calling an intervention cost-effective in the USA is 50,000 USD/ year. 

This threshold was derived from a cohort of patients with End-Stage Renal Disease who required dialysis 
in the USA in 1980.  

o A generalized cost-effectiveness threshold which is valid across countries/ regions is impossible to 
generate due to differences in economic profile, existing socio-demographic profile, the available health 
care facilities and the proportion of earnings spent by the government on healthcare, and correctly so. 
Hence, multiple countries have proposed what constitutes a cost-effective intervention for them. For e.g.: 
In 2013, the NICE 2013 acknowledged threshold was published up to the actual guide to the methods of 
technology appraisals with explicit value in form of a range of GB£20,000–30,000 per QALY for a 
structured threefold decision-making process (<GB£20,000, GB£20,000–30,000, >GB£30,000). 
Similarly, for Canada, an oncology-specific ceiling threshold value of CAN$75,000 was suggested in 
2009.  

o These values, although possible to be estimated in countries like UK and Canada with national health 
insurance policies and other infrastructural support; their estimation in the developing/ under-developed 
world setting may not feasible.  

o While no such willingness to pay or cost thresholds have been suggested for India specifically, WHO 
guidelines suggest an amount equal to 1 to 3 times the GDP of the country as a cost-effective intervention 
for averting a Disability Adjusted Life Year (the number of years lost due to ill-health, disability or early 
death.). 

 

Conclusions : 

o Being a technology-intensive branch, new techniques and modalities are being introduced in the field of 
Radiation Oncology at a rapid pace. With the high initial investment required for almost all of these 
modalities a systematic assessment of the cost involved and the forecasted benefits should ideally be 
undertaken before committing to any of them.   
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Chapter 18: Quality Improvement in Radiation Oncology 

Dr. Carlton Johnny, Dr. Rahul Krishnatry, Dr. Jai Prakash Agarwal 

• Introduction

o Quality improvement and patient safety form the cornerstone of medical practice.
o Institute of medicine in USA reported that 1% of treatment related deaths is due to medical error.
o Oncology as a field is continuously evolving and adapting to the technological advances.
o Radiation oncology being the spearhead of technological advancement is complexed with its

technological and clinical intracies.
o Without adequate clinical and technological expertise there are possibilities of having inflicting harm

than good.
o Many international multicentric trials have their own radiation quality assurance (RTQA) and physician

accreditation process. As the end point of clinical trials maybe biased by these factors.
o International bodies like the International Atomic energy Agency (IAEA) have contributed in this field

since 1969 by conducting audits like postal dosimetry to current onsite audits.
o System related quality assurance (QA) programs might not be the solution for all the errors that happen

at patient treatment.
o Likewise, quality improvement not only involves hardware or system related audit but also a re-

evaluation and introspection of the entire departments workflow for maximum efficiency.

Radiotherapy process 
• The decision for radiotherapy revolves around a complex interplay of patient, disease and treatment

related factors.
• When compared to other medical disciples, radiation oncology has a unique ecosystem which heavily

depends on interaction with various health care personnel. The health care personnel involved in this
process have varied specialization training and experience. The flow chart below explains the complex
process involved.
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Figure 1: Radiotherapy Process(3) 

Definitions 
There is no proper definition for quality improvement. 

A holistic definition is given by Academy of Medical Colleges (AoMRC). 

• Quality improvement aims to make a difference to patients by improving safety, effectiveness, and
experience of care by:

o Using understanding of our complex healthcare environment

o Applying a systematic approach

o Designing, testing, and implementing changes using real time measurement for improvement

Quality indicators(1) 

Indicator type Standard values Formula Justification 

Structure indicator 

Treatments and 
radiotherapy (RT) 
sessions 
administered per 
therapy unit 

• RTE 425 pts
• BT 100 pts Number of RT treatments 

completed in the 
year/Total number of 
therapy units available 

in the Center 

To assess the capacity 
to respond to the 
healthcare demand 
for external 

radiotherapy and 
brachytherapy 
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Indicator type Standard values Formula Justification 

External Beam 
Radiotherapy 
(ERT) treatments 
performed by 
doctor 

170 patients Treatments per year in 
external RT/medical 
specialists in radiation 
oncology with 

dedication in external 
radiotherapy full-time 

Values the response to 
the healthcare 
demand for doctors 
specializing in 

radiation oncology 

Brachytherapy (BT) 
treatments 
performed by 
doctor 

70 patients Treatments per year in 
BT/medical specialists 
in radiation oncology 
with dedication in 

BT full-time 

It assesses the capacity 
to respond to the 
healthcare demand 
for brachytherapy 

for radiation 
oncologists. 

Patients assessed by 
the tumor 
committee 

≥ 40% Patients assessed by the 
committee/patients 
treated in the OR 
Service x 100 

Proportion of patients 
treated who have 
been presented in 
multidisciplinary 

committees prior to 
undergoing cancer 
treatments 

Patients treated using 
special techniques 

≥ 30% Patients treated special 
techniques/RT 
treatments completed x 
100 

Gives information of 
the degree of 
implementation and 
use of these special 

techniques 

Hours lost per RT 
therapy unit due to 
unscheduled 
interruptions 

< 5% Hours of unscheduled 
interruptions/Hours 
available for RT 
treatments x 100 

To analyse the 
percentage of time 
lost for use in 
clinical RT in 
Therapy 

Units 

Patients with 
indication for 
radiotherapy (ERT 

< 13% Patients with radiotherapy 
indication (ERT or BT) 

The complexity of 
some techniques or 
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Indicator type Standard values Formula Justification 
or BT) who are 
referred to 

other centers due to 
lacking the 
appropriate 
technique for their 
treatment 

derived/Treated patients 
x 100 

some treatments 
means that they 

cannot be carried out in 
all centers. Knowing 
the characteristics of 
this 

patients and also the 
number can form a 
basis for scheduling 
the implementation 

of a technique in a 
department 

Access to the 
Radiation 
Oncology 
Department 

≥ 95% Patients who are registered 
in the Radiation 
Oncology Service with 
an access time of 

less than three calendar 
days/patients who are 
registered x 100 

Shows the speed of the 
patient channeling 
process between the 
indication 

for radiotherapy and 
arrival at the 
Radiation Oncology 
Department 

Process indicators 

Patients re-scheduled 
in Radiotherapy 

≤ 2% Patients who have their 
initial radiotherapy 
treatment modified 
(replanned)/Total of 

patients treated with RT x 
100 

This indicator helps 
detect problems 
regarding a lengthy 

waiting list, lack of 
precision or errors in 
the radiotherapy 
process 

Response Time of the 
Radiation 
Oncology 
Department 

≥ 95% Patients who have a first 
visit with a time of 
access from the registry 
less than seven 

calendar days/patients who 
have a first visit x 100 

capacity of the 
department to 

respond to the demand 
for care, directly in 
relation to an 
effective and 
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Indicator type Standard values Formula Justification 

efficient organization 

Time for preparation 
process for 
Radiotherapy 
treatment 

≥ 95% (a) FOR
CONVENTIONAL
TECHNIQUES:
Patients in therapy with
conventional

techniques who perform 
the first session in a 
time ≤ 15 calendar days’ 
/Patients in 

therapy with conventional 
techniques who perform 
the first session x 100 

(b) FOR PATIENTS IN
TE: Patients in TE who
perform the first session
in a time ≤ 21

calendar days/Patients in 
TE who perform the 
first session x 100 

intrinsic effectiveness 
of radiotherapy 

departments in terms of 
their organization 
and operational 
capacity to 

decide, design and 
prepare a dosimetry 
report and set the 
starting date of 

irradiation in the 
shortest possible 
time 

Patients who receive 
treatment for 
periods longer than 
planned 

< 5% Patients treated in the 
Radiation Oncology 
Service who receive 
treatment in periods 

longer than 
planned/Treated patients 
x 100 

It is essential to know 
to what 

extent our treatments 
are carried out 
within the expected 
time frame 

Scheduled patients 
who do not start 
treatment with 
radiotherapy 

< 4% Planned patients who do 
not start treatment with 
radiotherapy/planned 
patients who 

are indicated for treatment 
in the RO service x 100 

It is essential to make a 
precise selection of 
the patients who will 
benefit 

from the treatment and 
the palliative or 
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Indicator type Standard values Formula Justification 
curative intent of the 
treatment to 

plan resources and 
reduce the starting 
time of the treatment 

Verifications 
performed 
throughout the 
Radiotherapy 
treatment (IGRT) 

≥ 80% 

Radiation therapy 
treatments in which 
verification has been 
carried out in at least 
20% 

of the sessions 
administered/Treatments 
of the radiotherapy 
service x 100 

The precision in 
releasing the dose, 
the 

reduction of safety 
margins, the 
decrease in late 
toxicity and the 
possibility 

of safely escalating the 
dose 

Patients re-treated 
using radiotherapy 
a second or 
subsequent time in 
previously 

unirradiated areas 

≥ 20% Cancer patients re-treated 
with 
radiotherapy/Cancer 
patients treated with RT 
x 100 

To calculate the real 
usage of equipment, 
as most of the time 
these calculations 

are only based on 
estimations 
considering the 
initial incidence of 
cancer and its 
indication during 
this first phase of the 
disease, without 

taking into account the 
second or third 
treatments with 
radiotherapy 

Patients re-irradiated 
using radiotherapy 
a second or 
subsequent time in 

≥ 1% Cancer patients re-
irradiated/Cancer 
patients treated with RT 
x 100 

Many radiation 
oncologists are 
reluctant to 
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Indicator type Standard values Formula Justification 

areas that have been 
previously 
irradiated 

offer re-irradiation due 
to lack of experience 
or fear of the high 
risk of 

complications. 
However, improved 
definition of re-
irradiation volumes 

and treatment 
techniques are 
making it possible to 
tackle this problem 

more safely 

Outcome indicators 

Patients with serious 
chronic 
complications 
related to 
radiotherapy 
treatment 

< 5% Patients treated with 
radiotherapy who have 
severe chronic 
complications/patients 

treated with radiotherapy x 
100 

To check the quality of 
the treatment with 
radiotherapy and 
also to know 

and study the patients 
who show higher 
levels of toxicity to 
the radiation 

and may require 
individualized 
treatment 

Patients satisfied with 
the radiotherapy 
treatment received 

≥80% Patients who have on mean 
the equivalent of good, 
very good or 
excellent/surveyed 

patients 

important source of 
information that 
allows us to detect 
opportunities 

and areas for 
improvement in the 
different levels of 
healthcare 
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Indicator type Standard values Formula Justification 

Publications of the 
radiation oncology 
department and 
their total impact 

≥ 3.5 Sum of the total of Impact 
Index of all publications 
of the RT Service 

reflects the research 
output of the 
services 

Patients in 
prospective 
clinical trials 

≥ 10–15% Patients who participated in 
a prospective clinical 
trial in the last 
year/patients treated 

in the last year x 100 

The prospective clinical 
trial is the most 

robust, since the 
objectives are 
defined beforehand 
and patients are 

selected and treated 
accordingly, 

Patients who have 
medical records 
that meet quality 
criteria 

≥ 90% Patients who meet medical 
records with quality 
criteria/patients cared 
for in the Radiation 

Oncology service for 
treatment assessment x 
100 

collection of a 
minimum set of data 
on 

patients treated using 
radiotherapy to have 
a good quality 
medical record 

and a more reasoned 
indication for 
radiotherapy, 

Patients undergoing 
treatment with 
signed informed 
consent 

100% Patients treated in the RO 
service with signed 
informed 
consent/patients treated 
in the 

RO Service x 100 
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Patient safety factors in radiation therapy 
• With increasing advances in technology and complexity of treatment, there are changes of new types of

errors, uncertainties.
• Human errors can be due to an interplay of lack of education, lack of standardization, work pressure

and other factors.
• Figure 2 gives an analysis of the different patient safety factors involved in radiation therapy (adapted

from TMC publication: Agarwal JP et al).

Figure 2: Patient Safety Factors in Radiotherapy 

Identification of quality check points  
Timeline Patient related 

factors 
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Clinical decision for 
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Age  
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Stage 
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Date of surgery 

Technique  
Dose  
Fractionation  
Concomitant therapy 

Simulation Confirming 
identity and 
demographics 

Site Imaging (standardization) 

Contouring and 
planning  

Site Treatment volumes 
Dose fractionation  
Image guidance  
Peer audit  

Quality Assurance Patient specific QA 
Machine specific QA 



Technology & Cancer Care 

Page 345 of 564 

On treatment Toxicity 
assessment 

Compliance 
check 

IGRT shifts 
Clinical audit 

Follow up Toxicity Response to treatment 

Methods of quality improvement 

Incident reporting 
• Incident reporting is a major pathway for learning and quality improvement.
• Many international bodies such as ASTRO, ESTRO have their incident reporting program such as

Radiation Oncology Incident Learning System (RO-ILS).
• Publications from these bodies have been vital in identifying the key drivers and suggest further changes.
• TRIP- Tata Memorial Hospital Incident Reporting Program. Indigenous program developed for quality

improvement.
• TRIP is a voluntary program which is accessible for physicians, physicists and technologist.

Root cause analysis 
• Every Error or incident requires an in-depth analysis of the situation.
• Development of a grading of error severity as per ASTRO, TMH, etc.
• A gamba walk through the process, event simulation model and mapping out all the possible contributing

factors
• Plotting all the factors on a pareto-chart to identify the key drivers and developing a problem

prioritization matrix could help in multifaceted problem solving approach.
• Formulation of short and long term goals

Education 
• Given the rapid developments in radiation oncology it is imperative that one is abreast of the technologies

used in the everyday work.
• Newer recruits in the system must have orientation and assessment prior to engaging in the process
• Reiteration and periodic assessment of work process and SOPs could prevent errors caused by existing

personnel in the system
• Incorporation of quality improvement and safety in resident’s curriculum(8).
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Standardization of work flow 
• Development of standard operating procedures (SOPs) and checklist for objective evaluation of plans

and processes.
• Use of lexicon and reporting as per standardized recommendations (e.g. AAPM TG reports, ICRU

report)(9)
• Standardized documentation of case reports as per standard grading scales (e.g. RTOG, CTCAE)
• Development of prescription model as the ASTRO “White paper prescription”(10)
• Reduces chances of errors and interpersonal variability
• Comparable results with other institutions

Peer review audit 
• Studies have shown a direct impact of peer reviews on quality of care and detecting errors in the treatment 

process(11).
• All the decisions taken at clinic and during planning should be subjected to peer review.
• In centers with satellite branchers, a central peer audit must be conducted to ensure adequate quality and

safety.

Model for quality improvement – Tata Memorial Hospital Model 

Identification of a quality improvement area. 
• Audits
o Routine audits
o Snap audits
• Voluntary reporting program – TRIP
• Formulation of standardized prescription report such as ASTRO “White Paper”(10)

Root cause analysis 
• Development of a department work process with personnel work assignment and specified roles.
• Formulation of a core committee (TRIP committee) which includes physicians, physicist and

technologist.
• Reports from the audits and voluntary reporting are reviewed by the TRIP committee.
• Classification of the error as per TMH radiotherapy error grading system given in figure 3 (adapted from

TMC publication: Agarwal JP et al)
• The core committee walks through the reported incident with respect to the department work flow.
• The probable factors are then charted on a fish bone diagram.
• A pareto chart is established to determine the key drivers. Based on the key drivers’ goals are

established
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Figure 3: TMH Radiotherapy Error Grading System 

Target development 
• The key drivers show us the process which needs to be addressed.
• A prioritization matrix is developed with respect to benefit and work process involved.
• Processes which require only a small change in the work process and produce maximum benefit are

labeled as short term goals.
• Process which require major work process change and produce sustainable long term solutions are

labeled as long term goals.

Examples of short term goals 
• Integrated education programs
• Timed assessments for physicians, physicist and technologist

Development of standard operating procedures
• Counselling and personal interview with persons involved in an incident

Examples of long term goals 
• Synchronization of all the treatment and planning machines
• Uniform scaling and labelling of all treatment parameters.
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Reassessment – feedback loop 
• All the process modifications should be assessed closely as it may trigger new errors. routine monthly

or 3 monthly audits of charts must be done.
• Any new errors or if pervious errors have not been resolved then the entire process must be revisited.
• Target must be to keep error rate <5% accounting for human error.

Figure 4: Process map for Quality Improvement 



Technology & Cancer Care 

Page 349 of 564 

Figure 5: Prioritization Matrix 

Figure 6: Fish Bone Analysis 



Technology & Cancer Care 

Page 350 of 564 

Newer technologies 

• Artificial intelligence (AI) and machine learning (ML) has caused tectonic changes in the field of
technology.

• Clinical decision support (CDS) – Provides evidence based suggestions appropriate to the patient’s
diagnosis in the clinic.

• Knowledge based planning (KBP) – Provides quicker and acceptable OAR dosimetry in IMRT plans.
• Knowledge-based response-adapted radiotherapy (KBR-ART) - adapts to ongoing changes, optimizes

the radiotherapy goals of tumor control and OAR sparing(12).
• AI and ML based machine specific, patient specific QA.
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Chapter 1: Theranostics of Neuro-endocrine Tumors 
Dr. Ameya Puranik, Dr. V Rangarajan 

Introduction 

Neuroendocrine tumors (NETs) are relatively rare tumors originating from neuroendocrine cells, distributed 
ubiquitously throughout the body. The term “neuroendocrine” relates to a peculiar characteristic or 
phenotype of these cells, namely the ability of synthesize, store and secrete neuro-hormones, 
neurotransmitters or neuromodulators, substances produced by both the endocrine and nervous systems. 
Gastroenteropancreatic neuroendocrine tumors (GEP-NET) constitute 75% of all NETs. [1] Current WHO 
classification distinguishes 3 groups of GEP-NET; reflecting roughly the different biology of tumors – highly 
differentiated neuroendocrine tumor with a proliferation rate (Ki-67) of less than 2%; highly differentiated 
neuroendocrine carcinoma with Ki-67 greater than 2% and low differentiated neuroendocrine carcinoma 
with Ki-67 greater than 20%.[2] The heterogeneous nature of neuroendocrine tumors, their indolent course 
and lack of therapeutic options for the management of advanced cases - together form the Achilles heel for 
oncologists. Therapeutic strategy in NETs is multidisciplinary and includes surgery, interventional 
radiology, medical and palliative care. Treatments such as somatostatin analogues, interferon, chemotherapy, 
new targeted drugs and peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin 
analogues are often relied on, in advanced cases. NETs usually overexpress somatostatin receptors on their 
cell surface (particularly type 2), thus enabling the therapeutic use of somatostatin analogues, one of the 
basic tools for NETs. 
Octreotide therapy is most commonly used for palliative/symptomatic treatment of functional NETs; since 
it involves competitive blockade of somatostatin receptors (SSTR), and hence depends on the documented 
presence of SSTR on tumor. Likewise, the premise of PRRT using radiolabelled somatostatin analogs is 
over-expression of SSTR on NETs.  

The conventional imaging modalities like CT (Computed Tomography), MRI (Magnetic Resonance 
Imaging) and USG (Ultrasonography) provide excellent morphologic information, but frequently miss the 
localization of the primary tumor. A recent study showed a 59% detection rate of unknown primary NET 
(CUP-NET) by 68Ga DOTANOC receptor PET/CT (Positron Emission Tomography/CT).[3] The metabolic 
dimension increases the likelihood of picking up even small volume disease, often considered equivocal on 
anatomical imaging; this can often impact the management. It is a known fact that molecular events precede 
morphologic changes by days to months. The functional information provided by PET/CT along with the 
possibility to do semi quantitative / semi-quantitative evaluation has resulted in the conceptualization of a 
‘tailored regime’. Also, the state of the art PET/CT scanners, apart from providing functional information 
about the whole body in one sitting, makes it possible to perform diagnostic CT wherever needed and give 
vital information regarding the morphology of NET - keeping in mind that not all the tumors are SSTR 
positive.[4,5] The high success of somatostatin receptor scintigraphy using 111In labeled octreotide 
(OctreoScan) encouraged the development of positron emitter based sstr specific radiopharmaceuticals.68 Ga 
is a radiometal and a positron emitter with a half-life (T1/2) of 68 min and produced from a 68Ge/68Ga-
generator (T1/2=271 day) in a convenient, fast, “in-house” preparation.[6] The same peptides labeled with 
68Ga for diagnosis can be labeled with 177Lu or 90Y for radionuclide therapy,[7] a form of personalized 
treatment which has been given the term THERANOSTICS. 
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PRRT – Basic principles 
 

Somatostatin receptor expression on the surface of neuroendocrine tumors provided an ideal target for 
imaging by PET/CT. Scintigraphic localization of neuroendocrine tumors with radiolabeled somatostatin 
analogues further led to the development of therapeutic radiopeptides targeting the same receptor. The 
labeled peptide undergoes receptor-mediated internalization and intracellular retention, leading to tumor 
targeting at the desired site. This forms the basis of Peptide Receptor Radionuclide Therapy (PRRT).  Though 
still an emerging tool, clinical trials are already underway to establish its firm place in routine oncology 
practice all over the world.[8] Peptide receptor radionuclide therapy (PRRT) can deliver radiation doses to 
tumors, which are adequate to achieve volume reduction or even cure.  

Peptide Receptor Radionuclide Therapy (PRRT) has been administered for almost two decades and is an 
established effective therapeutic modality in the treatment of inoperable or metastatic Gastro-Entero-
Pancreatic (GEP), bronchopulmonary and other neuroendocrine tumors (NETs). The two most commonly 
used radiopeptides, 90Y-octreotide and 177Lu-octreotate, produce objective response rates of 15-35%. [9-13] 

Initial studies were performed with high doses of the radiopeptide [111In-DTPA0]-octreotide. Objective 
responses or ‘measurable responses’, as seen as decrease in size and metabolic activity of tumor, were rare 
or questionable due to the short range (nanometers to micrometers) of the emission and therefore the short 
tissue penetration of the emitted Auger electrons. The radiopeptides that have been proven effective and 
which have been extensively studied are the 90Y labeled peptide - [DOTA0, Tyr3]-octreotide (DOTATOC) 
and the 177Lu labeled peptide [DOTA0, Tyr3]-octreotate (DOTATATE) [14]. Our group was the first to use 
also 90Y DOTATATE and in a large patient group 177Lu DOTATOC. We also pioneered the use of 90Y and 
177Lu DOTATATE in sequence (DUO-PRRT) and the concurrent use of 90Y and 177Lu octreotide analogues 
(TANDEM-PRRT) as well as the intra-arterial use of 90Y DOTATATE and DOTATOC. 

DOTATATE has a nine-fold higher affinity for the somatostatin receptor subtype 2 compared to 
DOTATOC.[15] In a preliminary report, 35 patients with neuroendocrine gastroenteropancreatic tumors 
were treated with escalating doses of 177Lu DOTATATE, resulting in complete and partial responses in 38% 
of patients. No serious side-effects were observed. In addition, 177Lu DOTATATE significantly improved 
the global health/quality of life and various function and symptom scales in patients with metastatic 
gastroenteropancreatic tumors.[16]  

Excretion of the radiopeptide through renal route makes it the critical organ during PRRT. The pathway 
involves proximal tubular reabsorption of the radiopeptide and the subsequent retention in the interstitium 
results in renal irradiation. This is overcome by the use of positively charged molecules, such as L-lysine 
and/or L-arginine, which competitively inhibit the proximal tubular reabsorption of the radio peptide.[17] 
Based on the animal experiments of the groups in Rotterdam and Amsterdam, our group has pioneered the 
clinical use of gelofusine in addition to amino acids for kidney protection. Gelofusine induces transient low 
molecular weight proteinuria reducing renal absorption of radiopeptides. The idea for the use of Gelofusine 
is based on the finding that gelatin-based plasma expanders enhance urinary excretion of specific megalin 
ligands, such as beta-2-microglobuline. It has been shown previously by de Jong et al [18] that megalin plays 
an essential role in the kidney uptake of somatostatin analogues. In rats, co-injection of 80 mg/kg Gelofusine 
resulted in maximum reduction of renal retention of 111In- DOTA, Tyr3-octreotate, which was further 
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improved when combined with lysine.[19] Tumor uptake of radiolabeled octreotate was not affected, 
resulting in an increased tumor to kidney ratio.[20] Therefore the use of Gelofusine for kidney protection in 
PRRT is logical. The factors that may result in decline or reduction in renal function in patients receiving 
PRRT are cumulative and per-cycle renal absorbed dose, age, hypertension and diabetes.[21]  

Though not a principal dose-limiting factor, bone marrow involvement must be considered as a potential 
source of hematotoxicity. Acute hematological toxicity is not uncommon, especially after 90Y-labeled 
peptide therapy, and the possibility of a mild, but progressive impoverishment in bone marrow reserves has 
to be considered in repeated cycles. In addition, myelodysplastic syndrome (MDS) or overt leukemia may 
develop in patients receiving high bone marrow doses, especially in those previously treated with alkylating 
agents. [22-25]  

The challenge for internal radiation therapy is to deliver the highest possible dose to the tumor while sparing 
normal organs from damage. In addition, the inter-individual differences in dose delivery should be 
considered, particularly on the account of varying metabolism or receptor density in organs and tumor 
lesions. This makes individual patient dosimetry absolutely necessary in PRRT. 

Personalized PRRT 

Unlike conventional chemotherapy regimens wherein dosage is defined based on large patient studies, such 
an approach rarely benefits in NET with variable tumor phenotypes and clinical course.[26] Though the 
protocol for therapy administration is fixed, the therapeutic decision making process is completely 
individualized. The primary end point to be achieved varies with every tumor phenotype, and one should be 
absolutely clear of what are the goals to be achieved for every patient. Important factors which go into this 
are the volume of disease, prior treatment regimens received, patients’ baseline performance status, renal 
and hematological parameters.  
Within PRRT, there are multiple options including variety of isotopes, combinations with radiosensitizing 
therapy, using somatostatin analogs etc. The ´personalised´ approach involves adjusting administered 
activity, choice of radio-isotope, sequencing and frequency of PRRT to individuals imaging phenotype and 
pathological grade.[27]  
This is to emphasize the fact that NETs are a class of tumors, with numerous subtypes of different biological 
behaviors, hence to have a standardized approach ´across the board´ is disastrous. At the same time, 
conducting randomized control trials (RCTs) in these tumors is fraught with difficulty for the same 
reason.[28] 

 

Recent Literature 
 
Multiple studies providing robust statistics have been published in the recent past. Review of all these studies 
is important to highlight the improvement in overall survival statistics in patients with NETs. Ezziddin et 
al,[29] in a retrospective study of 74 patients with metastatic GEP NET who were treated with PRRT using 
177Lu-octreotate, concluded that there was significant improvement in long-term outcome following PRRT. 
Notable result from this study was the fact that even patients with Ki-67 > 10%, achieved good treatment 
response following PRRT. The same group further narrowed down the statistics for G1/G2 pancreatic NETs 
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in 68 patients with inoperable metastatic disease, and achieved outstanding survival rates and treatment 
outcomes.[30] Though SRS-PET/CT imaging forms the backbone of imaging for assessment of response to 
PRRT, Severi et al [31] highlighted the role of FDG PET/CT in a retrospective analysis of 52 patients with 
advanced G1/G2 GEP-NETs. They concluded that, following treatment with PRRT, FDG PET positivity is 
suggestive of treatment-refractoriness developing in the tumor, whereas negative FDG PET is suggestive of 
good treatment response and predictor of good outcome. Kashyap et al [32] treated this subset of patients 
with FDG PET positive metastatic NET, using combination of PRRT and chemotherapy (5-fluorouracil), 
which was referred as ‘Peptide Receptor Chemoradionuclide Therapy’ (PRCRT). In 52 patients who had 
failed conventional treatment regimes, PRCRT resulted in a median PFS of 48 months, which was more 
effective as compared to alternate treatment strategies. Claringbold et al [33] conducted a phase-I/II study 
combining 177Lu-octreotate with capecitabine and temozolamide for treatment of low grade GEP NETs. 
Median PFS (Progression-free survival) of 31 months was achieved and median OS (overall survival) was 
not reached at 24 months follow-up in 90% patients. Also, no adverse events were reported in any patients. 
Sabet et al [34] assessed the PRRT-induced long-term changes in renal parameters based on GFR analysis 
on 99mTc-DTPA renal clearance studies, and reported no serious long term impairment in renal function. 
 

Future Directions 
 
These include: 

• DUO-PRRT  
• TANDEM-PRRT (administration of 177Lu and 90Y labeled sstr analogues concurrently on the same 

day) 
•  Intra-arterial PRRT (for improved dose delivery to liver metastases) 
•  Combined PRRT (in combination with other treatment modalities) 

 Trans-arterial chemoembolization (TACE), selective internal radiation therapy (SIRT), 
radiofrequency ablation (RFA)  

 Chemotherapy (e.g., use of Capecitabine, Doxorubicin)  
 Kinase inhibitors (e.g., Sunitinib, Sorafenib, Everolimus and others)  
 Antibodies (e.g., Bevacizumab) 

• Improved peptides (e.g., use of somatostatin receptor antagonists) 
• Intra-operative use of probes after PRRT with 177Lu labeled peptides 
• Improved dosimetry and radioprotection  
• Newer targets –  
 PSMA (Prostate-specific membrane antigen) 
 Neurotensin 
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Conclusion 
 

PRRT lends a significant benefit in progression free survival as well as in overall survival in metastasized 
and / or progressive G1-2 NETs as compared to other treatment modalities and regardless of previous 
therapies. Combination of Lu-177 and Y-90 (DUO) based PRRT may be more effective than either 
radionuclide alone. Thus, in patients with progressive NETs, fractionated, personalized PRRT with lower 
doses of radioactivity given over a longer period of time is effective even in advanced cases and results in 
excellent therapeutic responses. Up to 10 cycles of PRRT, given over several years were tolerated very well 
by most patients. Severe renal toxicity can be completely avoided or reduced by nephroprotection applying 
aminoacids; haematological toxicity is usually mildto moderate (except for some cases of MDS which occurs 
in 2-3%). Quality of life can be significantly improved. Though cure is rarely possible, excellent palliation 
with significant improvement of symptoms can be achieved by PRRT. In addition, neoadjuvant PRRT could 
be administered in cases of inoperable NET so as to render the tumor operable by inducing radiation induced 
necrosis and decrease in tumor size. Use of intra-arterial PRRT (>100 treatments were already performed up 
to now at our center) is more effective for selectively targeting liver metastases and large, inoperable primary 
tumors. 

PRRT should only be performed at specialized centers as NET patients need highly individualized 
interdisciplinary treatment and long term care. PRRT can be effectively combined with transarterial 
chemoembolization (TACE), radiofrequency ablation (RFA), chemotherapy (e.g., using Capecitabine/5-FU, 
Temozolomide or Doxorubicin), and kinase inhibitors (e.g. Everolimus). 

Summary 
 

• PRRT is highly effective in the management of NETs, even in advanced cases and lends a benefit in overall 
survival from time of diagnosis, of several years. There is a significant improvement of clinical symptoms 
and excellent palliation can be achieved.  

• ‘Personalised’ treatment regimen - Primary end point to be achieved varies with every tumor phenotype, and 
one should be absolutely clear of what are the goals to be achieved for every patient is essential for. 

• In patients with progressive neuroendocrine tumors, fractionated, personalized PRRT with lower doses of 
radioactivity given over a longer period of time (Bad Berka Concept) results in good therapeutic responses. 
By this concept, severe hematological and/or renal toxicity can be avoided and the quality of life can be 
improved.  

• Sequential (DUO) and concurrent (TANDEM) PRRT are more effective in progressive NETs than using 
either radiopeptide alone. 
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Chapter 2: Radionuclide Therapy in Metastatic Prostate Cancer 

Dr. Archi Agrawal, Dr. Venkatesh Rangarajan, Dr. Ameya Puranik, Dr. Sneha Shah, 
 Dr. Nilendu Purandare, Dr. Sayak Choudhary 

Introduction 

Development of metastatic disease is the leading cause of cancer death in men with prostate cancer (Pca) 
[1]. Patients with advanced PCa usually respond to ADT (Androgen Deprivation Therapy), but eventually 
progress to castration-resistant PCa (CRPC) in few years [2]. Previously, Docetaxel chemotherapy was used 
to treat metastatic CRPC (mCRPC), but recent large scale randomised trials have shown substantial survival 
benefits when Docetaxel is given early, with ADT, in metastatic castrate-sensitive prostate cancer (mCSPC) 
[3-5]. In the past decade, multiple new drugs have been added to the armamentarium of mCRPC – 
cabazitaxel, abiraterone, Sipuleucel and Radium 223 etc. [6]. These drugs have shown benefits based on OS 
(overall Survival) and PFS (progression-free survival). But these benefits are limited to <6 months and thus 
there is an unmet need for better treatment agents. 

In the last few years, few studies have shown the feasibility of 177Lutetium [177Lu] prostate specific 
membrane antigen [PSMA] in mCRPC patients who progress after multiple lines of chemotherapy and 
antiandrogen therapy [7,8]. 177-Lu is a beta and gamma emitter which binds to PSMA with very high 
affinity. PSMA is present on the surface of prostate cancer cells and shows high expression in advanced and 
metastatic prostate cancer, enabling 177Lu-PSMA therapy. 

A recent phase-2 trial of LuPSMA in mCRPC has shown high response rates, low toxic effects and reduction 
in pain in men with mCRPC who have progressed on conventional treatments. PSA decline of >50%, was 
achieved in 57% of patients. Objective responses were reported in 82% of patients with measurable disease. 
Longer PFS and OS was seen in patients who had >50%  decline of PSA as compared to those with <50% 
decline of PSA. PFS of 9.9 months vs 4.1 months and OS 17.0 vs 9.9 months respectively was reported (7). 
Clearly there are few advantages of LuPSMA over chemotherapy in terms of low toxicity profile, better 
tolerability and better PSA response. But often LuPSMA is given as the last resort when the patient is either 
unable to afford or unable to tolerate the toxic side-effects of chemotherapy. Few trials are underway to test 
the efficacy of LuPSMA at an earlier stage of the disease to improve outcomes in men with mCSPC [9]. 

However, there are a few patients who either progress after 177LuPSMA therapy or are not suitable for more 
doses due to hematological toxicity.  In such patients, PSMA ligands labeled with alpha emitter Actinium 
225 (225-AC) has been tried. The cell –killing with alpha emitters is better with less hematological toxicity 
due to short range of the alpha particle [10,11]. 

Kratochwil C et.al, in a study of 40 patients who were treated with 225Ac-PSMA , have shown good duration 
of tumor control.  A decline in PSA of > 50% was observed in 63% of patients. A median tumor control of 
9 months was observed. Long term response of more than 24 months was seen in 5 patients [12]. Xerostomia 
and mild hematologic toxicity may be seen in some patients.  22Ac- PSMA, alpha therapy is a good treatment 
option for patients who progress on 177Lu-PSMA  radioligand therapy. 
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Future direction - With the advent of effective radionuclide therapies, there are multiple options available 
for patients who progress on first and second line novel antiandrogen drugs and chemotherapeutic agents. 
There are many ongoing large trials on the use of 177Lu-PSMA , namely VISION trial, TheraP trial, 
LuTectomy trial; results of which are keenly awaited. This may lead to FDA approval of the 177Lu-PSMA 
in future.  
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Chapter 1: Introduction to Artificial Intelligence, Machine Learning, Deep Learning, & Convolutional 
Neural Networks 

Dr. Parag Mahajan 
 

Artificial Intelligence (AI), Machine Learning (ML), and Deep Learning (DL) 

Humans have natural intelligence, and artificial intelligence means computers or machines mimicking human 
intelligence. Like computers and the internet, AI will be everywhere in our lives within just 10-20-
years.Soon, AI will enable cars to drive themselves without a driver or a steering wheel. There are two types 
of AI, general & narrow. General AI performs like human intelligence &can do tasks in all areas like a human 
being. Narrow AI can be similar to or better than human intelligence but limited to one particular area or task 
(like recognizing images and nothing else). 
 
Machine Learning (ML) is a field of study that gives computers the ability to learn without being explicitly 
programmed (Arthur Samuel, 1959) [1]. ML is a subset of AI and involves "training" a computer software 
algorithm (collection of commands/rules/codes) by giving it large amounts of data and then allowing it to 
adjust itself so that it can learn and improve its accuracy and efficiency.ML can be divided into two main 
fields: Conventional (or sometimes called shallow) learning and deep learning (or DL). So, DL is a subset 
of machine learning and refers to automatic learning from data using artificial neural networks (ANNs). 

Artificial neural networks (ANNs) are the basis of deep learning and are inspired by the working of neurons 
in the human brain (the most powerful computing machine ever known.) Practically, DL and ANNs are 
interrelated; DL would not exist without ANNs. DL and ANNs have revolutionized AI, which is why DL 
and ANNs are given significant importance when it comes to AI. DL mimics the working of the human brain 
in processing data for a variety of use cases. 

 

Figure 1 showsthe relationship between artificial intelligence, machine learning, artificial neural 
networks, & deep learning. Image copyright © MedMantra, LLC. 
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ML is based on the idea that algorithms can learn from data, identify the underlying patterns and make 
decisions based on minimum human help. ML algorithms help recognize patterns in existing databases to 
predict or classify data [2] (Figure 2a-d). Thenew insights into these patterns can be made using mathematical 
models. It is not a new concept, but it is the one that has gained fresh momentum. 
 

 
Figure 2a shows the classification of different machine learning approaches. Image copyright © 

MedMantra, LLC. 
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Figure 2b shows Supervised Machine Learning. Image copyright © MedMantra, LLC. 

 

 

Figure 2c shows Unsupervised Machine Learning. Image copyright © MedMantra, LLC. 
 
 
 
 

 
 

Figure 2d shows Reinforcement Machine Learning. Image copyright © MedMantra, LLC. 
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Artificial & Biological Neural Networks 

A neuron consists of a cell body from which multiple dendrites come out, along with a long tube-like axon 
having multiple axon terminals at its other end. Axon terminals are interfaces where the neurons 
communicate with one another, and a synapse (a gap) connects the terminals to dendrites.A neuron in the 
brain can be considered equivalent to a tiny transistor in a computer, also called a node in the artificial neural 
network.The concept of neurons (brain cells) and network of neurons are the models around which the human 
brain's inner workings depend upon. An estimated number of 100 x 109 neurons are contained in the human 
brain, with each connected through their pathways to the rest of the brain.In the biological neural network, 
the transmission of input signals (sensory data) occurs from one layer of neurons to another through their 
numerous interconnections. Usually, a single neuron in the deeper layers can receive thousands of input 
connections, & each neuronal layer may contain a few dozen to millions of neurons.Multiple neurons in 
various layers of the human brain are interconnected to form massive biological neural networks.The neural 
networks are why our brain carries out 'thinking' or 'processing' every action. 

 
The ANNs are designed to mimic the biological neural networks(Figure 3). The neuron or nerve cell 
equivalent in the ANN is called a "node." The ANNs are virtual or simulated networks created inside the 
computer software. The ANNs need not be programmed to do a particular task; they can instead be trained 
or learn on their own, similar to a human brain!One or more nodes are arranged in multiple layers in a typical 
ANN. 

 
Figure 3 shows a typical Artificial Neural Network (ANN)- an artificial network of interconnected 

nodes (N). Layer 1 represents the input layer, layer 2 represents the hidden layer, and layer 3 
represents the output layer. Each connection between two nodes is represented by a variable number 

called a weight (W). Image copyright © Can Stock Photo / Korolev 



Technology & Cancer Care 

 

Page 374 of 564 

 
A typical ANN has three distinct layers; an input layer, the hidden layers, and the output layer. The input 
layer lies at the top of the network. The hidden layers lie below the input layer, and the output layer lies at 
the bottom of the network. In a typical ANN, each node in the hidden and output layers is connected with 
every node in the layer above. Each connection represents a variable number called a "weight.” Input layer 
nodes receive the data to be processed. Output layer nodes output the result(s) obtained after processing the 
data in the hidden layers. When the ANN is being trained, the input layer nodes receive the data and pass it 
on to the next hidden layer's nodes. The same thing happens when a trained ANN is performing a task it is 
trained to do.The input data is passed on from the input layer node(s), through the hidden layer nodes, and 
finally to the output layer node(s). Since the data flows forward from the input to the output layer, this type 
of network is called a "feed-forward network." In this case, data is in the binary form - a matrix of 0 and 1 
in varying combinations. Any input data like an image, text, or audio is represented in the ANN in a binary 
form.When the input layer has more than one node, each node receives the same input data. When the data 
passes through a connection between any two nodes, a mathematical function applies a weight (a small 
variable number that can either be positive or negative) to the data and modifies it.In simple terms, the 
mathematical function multiplies the input data value with the variable number of the connection weight and 
passes on the product to the node below it. 
 
Each node has a threshold value. The node adds all input data values, and if this summation value exceeds 
the threshold, then the node is activated and passes on the modified data to all the connected nodes in the 
next layer – a process called excitation. 
 
Different connections may have different weights. During the ANN training, these weights need to be 
adjusted to obtain a correct output layer result. It has been proven that, given enough time to find the optimum 
weights for different connections, any ANN can output the correct result!Various optimization techniques 
are used to expedite this process of finding optimum weights for various connections in an ANN, like 
gradient descent and stochastic gradient descent, to name a few. The current rapid and significant increase 
in the graphics processing units (GPUs) has enabled us to reduce this optimization time from years/months 
to a few days/hours. This is one of the most important reasons why the ANNs have become practical and 
economical today. 
 
While training an ANN for a given input data, we aim to match the output data with the expected answer, as, 
answer to the input data (question) is already known.Without any training, the ANN may not give a correct 
answer. The difference in the actual output and the expected output (correct answer) is gradually reduced 
during training by changing the connection weights.This changing of the connection weights is done in a 
reverse direction (bottom-up), starting from the output layer and gradually (layer by layer) moving up 
towards the input layer. This is the reason the process is called “backpropagation” (backprop).During 
training, a sufficient number of pre-evaluated input data samples are used. Training is complete when the 
actual output exactly matches the expected output for all of the sample data. The connection weights present 
remain fixed when the trained ANN is used in the future until it receives further training.The more and varied 
samples an ANN is trained with, the more accurate it becomes. 
 
Deep ANNs are designed to carry out complex data recognition tasks, like identifying images and finding 
patterns in an extensive text database. In a deeper ANN, the superficial hidden layers learn to recognize 
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simpler features and the deeper layers learn to recognize more complex features. The deeper the hidden layer, 
the more complex the feature it can recognize.A complex ANN model with more efficient problem-solving 
ability & increased abstraction can be created by increasing the frequency of hidden layers, increasing the 
number of paths between neurons, & increasing the number of neurons in a given layer.However, increased 
model complexity is often associated with an increased chance of overfitting, i.e., suboptimal results when 
fed anonymous data but optimum results when fed training (previously known) data. 
 
Examples of Deep Learning Algorithms include the following 

• Convolutional neural networks (CNN) 
• Recurrent neural networks (RNN) 
• Recursive neural networks (RCNN) 
• Deep belief networks (DBN) 
• Convolutional deep belief networks (CDBN) 
• Feed-forward neural networks (FNN) 
• Self-organizing maps (SOM) 
• Multi-layer perceptron (MLP) 
• Deep Boltzmann machines (DBM) 
• Stacked denoising auto-encoders (SDAE) 
• Gated Recurrent Unit (GRU) 

 
Computer Vision 

Computer vision is an interdisciplinary field that seeks to automate visual tasks that humans can do. The 
discovery of convolutional neural networks (CNNs) revolutionized this field. CNN is a unique framework 
of the DL ANN. A computer can never see an image as a person does. Instead, it sees an array of pixels 
(Figure 4a). 

 
 

Figure 4a shows an image as seen by a human and a computer and a matrix filter. Image copyright 
© MedMantra, LLC. 
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Interpretation of this radiograph by AI involves passing the image through the CNN via input layer and a 
series of convolutional, nonlinear, pooling, and fully connected layers (Figure 4b). Then it produces the 
output. 
 
 

 
 

Figure 4b shows an image passing through a convolutional neural network (CNN). Image copyright 
© MedMantra, LLC. 

 
 
To interpret the radiograph, the CNN at first searches for low-level features (shoulder bones, ribs, or air-
filled lungs – for humans, however, for the CNN, the edges, curvatures, or boundaries are the low-level 
features.) With the help of convolutional layers (forming the whole network), the CNN can see more of the 
high-level features (shoulder bones, ribs, heart, or the air-filled lungs).  
 
In the input layer, the matrix of pixel values (the image) is sent to the convolutional layer. It starts reading 
the input matrix from the top left of the image. The software chooses a small matrix (e.g., 2 x 2), which is 
known as a filter (or a core or a neuron). Then this filter creates a convolution, i.e., it moves along the input 
image. The function of the filter is the multiplication of its values by the original values of the pixel. All of 
the multiplications are then added up to obtain a single number. The filter starts reading the image from its 
top left corner and gradually moves further by a unit after carrying out the multiplication operation (Figure 
4c). 
 
 

 
Figure 4c shows the process of convolution. Image copyright © MedMantra, LLC. 
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When it reaches the image's right edge and completes the multiplication operation, it moves to the left side 
one row below and continues with the process. After moving the filter through every position on the image, 
it now obtains a smaller matrix than the input matrix.When the image passes through one convolutional layer, 
the first layer's output becomes the second layer's input.  
 
After every convolution operation, a nonlinear layer is included.After the nonlinear comes the pooling layer. 
It is concerned with the height & the width of the image & carries out downsampling on the image (decreased 
image data). This means that if some features (like edges) have already been identified in the previous 
convolution operation, then a detailed image is no longer needed for further processing, and it is compressed 
to less detailed pictures.It is vital to include a fully connected layer (dense layers) after completing a series 
of convolutional, nonlinear, & pooling layers. It carries data from the convolutional networks. 
 
Choosing the right algorithm 
To choose the right algorithm, we need to try out some algorithms which fit our use case and pick the one 
which performs best on our dataset. There are no hard and fast rules regarding this, but it is more based on 
trial and error and experience (Figure 5). 
To create a model, one has to pass through these phases: 

‐ Construction of the model 
‐ Training the model 
‐ Testing the model 
‐ Evaluation of the model 

 

Figure 5 shows the steps involved in selecting machine learning algorithms. Image copyright © 
MedMantra, LLC. 
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Chapter 2: Implementation of AI into Radiology Workflow 
Dr. Parag Mahajan 

 
Introduction 

Demands upon Clinical Imaging departments are burgeoning. It is regularly asserted that, eventually, 
computers will largely displace humans in medical imaging interpretation. Several research papers have 
compared the performance of AI-augmented clinical imaging against humans undertaking the same tasks. 
An AI-assisted mammography study revealed that the AI system's performance was statistically non-inferior 
to that of the average of the 101 radiologists.[1] The AI system had a 0.840 (95% confidence interval [CI] = 
0.820 to 0.860) area under the ROC curve and the average of the radiologists was 0.814 (95% CI = 0.787 to 
0.841).However, it does not mean that every new tool is a great fit for all departments or that the integration 
mechanism is as obvious as the salesperson may infer.The key to success in delivering benefit through AI in 
radiology is understanding in advance: 

• How does the department's existing workflow operate, and what are the challenges?  
• What benefits are expected from AI? 
• What could the various modified target workflows look like, and how can these support the expected 

benefits? 
 
Barriers & Limitations 
Systems & Process Integration 

It's not a problem just in healthcare; it's a problem across all sectors. In almost every case, systems that look 
great in the brochure must be inserted into an existing technical & human process workflow. As attractive as 
the brochure might paint the system to be, if it cannot be efficiently used within the operation, it cannot be 
(successfully) acquired. The delivery of any change into existing workflows is complex—more complex 
than most imagine. As the radiology work process is ongoing, and in many cases, cannot be interrupted, that 
delivery must be as seamless as possible. Integration into surrounding systems, process design, data transport, 
security and storage, staff training, systems failover, maintenance, and support must be considered, designed, 
tested, & delivered.All of this is expensive, & those costs escalate if the platform designers have not 
considered interoperability—the technical process of interfacing systems and common networking & data 
formatting standards—such as DICOM.Thankfully, standards exist, and most platform developers are both 
aware of and make efforts to comply with these standards. However, extensive validation and testing are 
required.  

 
Trust & Regulation 
The experimental capability of AI in many settings exceeds its practical utilization. Trust is a critical 
component of healthcare delivery. Since the impact of errors would be severe, physicians, patients, and 
regulators would not accept AI to operate unchecked without extensive verification and monitoring. In the 
execution of this task, the FDA and other regulators have moved to provide frameworks for the introduction, 
maintenance, and operation of AI in clinical practice. [2]While this could be interpreted as a barrier to entry, 
such frameworks are essential in building and maintaining trust in AI operations. An area in which AI 
applications can make an immediate contribution is the support of human radiologists. Notably, AI does not 
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(yet) take coffee breaks, hang around the water cooler, argue with its partner or colleagues, or get bored and 
burned out by repetitive work. Screening, flagging, and checking tasks undertaken by AI to support existing 
workflows can improve the consistency of results & avoid radiologist burn-out while retaining humans' 
oversight. 
 
Data Relevance, Data Privacy, & Availability  
AI is only as good as the data it is trained with; that data must be complete, annotated, verified, relevant, 
representative, appropriately formatted, and clean. [3]Data preparation must separate the data into three 
distinct data sets: 
• Training: Data used to populate the AI model. 
• Validation: Data withheld from training and used to tune the trained model's parameterization[4]. 
• Test: Data withheld from training and validation is used to validate the trained and tuned model's output 

finally. 
 
The requirement to ensure both the consistency and relevance of training data is onerous—the variability of 
subject structures is huge and variability in scanned images and different scan settings[5]. The regulation also 
plays a role. A further key and non-optional step in acquiring data is the "de-identification" of the model 
data. Merely removing the patient identifying metadata (name, address, patient reference number, social 
security number, insurance details, etc.) may not be sufficient. 
 
Systems in Play 

The volumes of data generated by imaging systems are so large that they present storage issues for non-
specialized platforms and require specialist platforms for review, analysis, annotation, and distribution.When 
considering the impacts of AI implementation, there is awareness about the sector-specific terminology.  
 
PACS - Picture Archiving & Communication System 

PACS acts as a specialized store, inventory, and analysis system for medical images. They are technical 
workflow systems, directly managing the image reception and analysis tasks. PACS platforms receive 
images from various scanners as a series of files. Radiologists use the PACS platform to search for and 
retrieve images, view them for analysis, identify lesions or other structures, highlight these, and annotate 
them for use in diagnostic reports or treatment plans.The image files themselves are in a sector-specific data 
format (DICOM—see below) and contain both pixel and metadata relating to the scan. PACS may be cloud-
based or on-premises solutions. PACS are often large-scale multi-user enterprise platforms. Rather than 
being monolithic, systems are often split into multiple functional components: 
• PACS archives store all DICOM format files. 
• PACS viewer terminals provide a native user interface for viewing, analyzing, and annotating images. 
• PACS interfaces provide a set of Application Programming Interfaces (APIs) for enabling interactions 

to and from external enterprise systems. 
 
VNA - Vendor Neutral Archive: 
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• An imaging server that also receives DICOM data but is not a radiologist-specific PACS platform. It may be 
implemented to enable intradepartmental sharing of imaging data without impacting the PACS 
 
RIS - Radiology Information Systems 

• RIS can be viewed as the departmental detailed workflow platform within the radiology team. Meeting 
interoperability requirements with the RIS is a core consideration when introducing new systems into a 
working imaging department.Typically, while managing appointments and scheduling, staff availability, and 
access to and recording the utilization of scanning resources, they also support advanced functionality such 
as repetitive appointments, scheduling moves and changes, etc. The RIS may also allow secure data sharing 
with other systems within the hospital environment. RIS consolidates radiology reports across a patient 
treatment cycle, allowing current and historical images and radiology reports to be viewed in one place and 
making it easier to track a condition and treatment plan's progression. RIS benefits are typically centered 
around information management and removing the administrative burden of scheduling, rescheduling, and 
chasing appointments.  
 
Electronic Medical/Health Record - EMR/EHR System 

The EMR/EHR platform typically contains all elements of patient identification and other medically relevant 
metadata. 
 
CIS - Clinical Information System 

CIS is a generic composite term that may refer to one system or a federation of several.CIS platforms 
consolidate all patient information (radiological & otherwise) into a single patient view. Similarly, they may 
also include patient workflow /scheduling functionality.Thus, CIS systems may incorporate a RIS and may 
also include EMR/EHR management systems. 
 
DICOM 
DICOM (Digital Imaging & Communications in Medicine) is not a system, but it is a hugely relevant 
interoperability standard for encoding and transferring, storage, retrieval, and displaying medical imaging 
data [6]. Adherence to DICOM standards ensures that medical images are of the correct format and encoded 
with the right quality necessary for clinical use.It facilitates information sharing between different 
manufacturers' systems and practices. DICOM implementation is almost ubiquitous across radiology 
imaging devices (X-ray, CT, MRI, ultrasound, PET, etc.) 
 
 
Workflow, Architecture, Organization, & Integration 

The architectural approach to AI integration is ultimately a discrete choice of each project and organization, 
but one that is not stand-alone, in that it sits within a spectrum of options and constraints.Large-scale 
healthcare organizations, possibly those that operate either extensive facilities or across multiple sites, will 
/should have an enterprise architecture that will incorporate: 
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• Enterprise platform strategy—a strategic set of specific enterprise platforms (like PACS and RIS) that 
change programs must work with and accommodate within their plans.  

• Systems interoperability strategy—a set of data formats, security standards, and data interchange 
standards that projects must work with and accommodate within their plans.  

• Enterprise data models—an organization-wide descriptive data model, probably pivoted in this instance 
around the EMR/EHR platform. 

• A long-term target architecture—an aspirational architecture, toward which (rather than away from 
which) it is anticipated that next projects would iterate 
 

Organizations put these strategies in place for several reasons: 
• To constrain the number of systems that need implementing and supporting. 
• To Consolidate costs into fewer larger supply contracts. 
• To Simplify the systems integration challenges. 
• To Enable multiple, disparate platforms to communicate and exchange information via a hopefully 

single, but more often smaller, set of common standards. 
• To reduce the costs of ensuring regulatory compliance across the estate. 
 

A comprehensive and well-formed Enterprise Architecture strategy will encompass data storage and archival 
(PACS/EMR/EHR/RIS), as well as compliance. There will almost certainly be preferred vendors and, quite 
likely, the desired platforms integration and delivery partner (likely to be from one of the larger IT companies 
or a consultancy) and a mandated project and business case approach. This overarching strategy may feel 
burdensome and constraining, but having all these guidelines and frameworks will also increase delivery 
success chances. This will also open the door to implementing AI systems that are not immediately supported 
by the large platform integrators. 
 
Discussion 

PACS and RIS are implemented to support the radiology department by automating many of the 
administrative tasks associated with the workflow, such as by providing advanced tools for visualization, 
easing storage, & making collaboration more straightforward by enabling data sharing through common 
standards, platforms, and data formats. This support has reduced cycle times, enabled significant 
improvements in individual and departmental productivity, and improved patient care. Integration of AI into 
this pre-existing workflow must deliver only positive impacts into these established environments—not 
replacing the human workforce, but utilizing the qualities of an AI (infinite attention spans, no coffee breaks, 
no burn-out, algorithmic consistency of approach) by taking over repetitive and straightforward tasks from 
humans.An example includes processing a vast number of scans to identify and make preliminary 
observations (including measurements) of all lesions and other notable structures. This approach enables the 
human radiologists to focus only on the concern, consult with colleagues, and draw conclusions without 
spending hours in preliminary identification.The choice of platform and mechanism of integration may not 
be wide open and may be constrained by the existing technical architectures and interoperability standards 
enforced by the organization. 
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Modalities of Operation 
Extensive consideration has been given to the technical approach to the integration of AI in imaging 
workflow.While the diagnostic application of AI is wide and varied, the operational modalities break down 
into relatively few types.A discussion of some of the Fprincipal operating modes of AI in a clinical setting 
is also worthwhile considering how any specific platform is applied [7]. 
 
Flagging Lesions and Other Notable Structures 

The AI surveys entire scans and highlights lesions or other structures with concerning features (e.g., critical 
findings). The AI may or may not provide analytical measures (a score or series of scores for each flag) to 
give reasoning to the alert.A radiologist examines all flagged items and makes the final diagnosis. A subset 
of non-flagged imaging studies may be quality checked to ensure that the AI does not miss notable 
features.This is a cautious approach that presents the clinician with several potential false positives for 
consideration. However, it does provide a consistent baseline for the evaluation of each lesion. It increases 
the radiologist team's productivity, whose time is spent evaluating identified and scored lesions rather than 
searching for them. 

 
AI Evaluates and Prioritizes the Workstack 

The AI examines entire scans and highlights lesions or other structures with concerning features. It scores 
each flagged lesion/structure and triages/prioritizes the workflow for attention with AI-scored high-risk cases 
to evaluate the radiologist first.This can be a useful approach for triaging workflow into low and high risk 
(low- and high-risk patients being presented in the order of AI assigned priority), but the final assessment 
remains with the human radiologist.Optionally, this scheme could be extended such that scans with no 
abnormally scored structures may not be reviewed in their entirety and passed back to the referring clinicians 
(although most clinics would likely check a sub-set of these). 

 
AI Requesting Second Opinions 
In this modality, the AI and the radiologist operate in parallel. Both assess and score the same scans, with 
the AI cross-checking the radiologist. If the AI's opinion differs significantly from that of the radiologist, the 
AI generates workflow items to request a second opinion from another radiologist within the team.While not 
delivering a productivity improvement, this is an inobtrusive mechanism of using an AI to "catch" cases that 
may otherwise be inadvertently passed over. 
 
Targeting Within Large Scans 
Some scan types can return a vast number of images within which there are no notable abnormalities. For 
example, whole-body MRI scans for metastases or CT scans for trauma. Examining extensive scans can be 
tiring and error-prone for a human radiologist, as the human attention span limits are tested. This is especially 
a problem when reporting CT scans of trauma cases at night.Letting an AI take the lead in these instances 
can dramatically improve productivity and mitigate the likelihood of missing critical findings. Typically, the 
AI would flag and optionally score for attention only those sites with structures worthy of attention. 
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Discussion 
 
There are several different mechanisms in which an imaging AI can be inserted into the radiology workflow 
to assist the human workforce. These modalities vary as to the extent to which the AI is used to either 
prioritize and cross-check/augment departmental output consistency or increase each radiologist's 
productivity. Therefore, the workflow solution and system integration, and process change approach for each 
are very different.This highlights the importance of understanding an AI implementation's desired outcomes 
before selecting and attempting to deliver a particular platform/algorithm.It is also essential to be aware that 
while AI programs find promising applications in addressing the narrow task for which they are trained, 
radiologists are often more adept at consolidating a complete view of the patient from several different data 
sources other than the raw images & the metadata. 
 

In the same way that there are different approaches to supporting radiologists with AI-enabled image 
analysis, there are several AI platforms and workflow integration [8]. The basis of choosing in this regard is 
established by determining the status of current workflows. This involves mapping existing workflows and 
considering which will be affected by introducing AI algorithms and those actively targeted for change.There 
are two broad types of workflows to consider those between people and groups of people, & technology 
workflows, which map the flows of information & dependency between different technical systems. 

 

Workflow and Integration 
 

 
 

No Integration (Figure A) 

An AI platform could simply be bought and installed at its simplest level - the least expensive approach. This 
approach would provide a greater level of individual control and autonomy for users. Use could be expanded 
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through multiple installations, allowing for concurrent access, although this would almost certainly incur 
extra licensing and support costs. There are significant workflow considerations with this model. 
Radiologists could adopt a "file-based ‘cut-and-paste' integration" in which analyzed results are simply added 
to their final report. The potential lack of any PACS storage and workflow integration would not support any 
consistency of approach between colleagues operating within the same department. 

Deep and Seamless Integration (Figure B) 

In this model, the AI engine acts as an interim post-processing engine. An automated workflow is established 
between the scanners and PACS (this may already be in place). All images deposited into the PACS are sent 
without human interaction to the AI that processes the images. At this stage, either with or without radiologist 
interaction, the AI-augmented results are returned into PACS/RIS for onward workflow. Within this mode 
of operation, the report format is likely to be standardized and rigid. Clinicians can find this approach useful 
to inform the diagnosis. However, the automated workflow means that the AI interprets scans without routine 
input and a radiologist's review. This architecture is least flexible for change in future workflow operations, 
as it builds systems dependencies into the flow and may restrict future workflow enhancements. 

Multi-AI Platform Host (Figure C) 

Many larger medical platform vendors operate a "host platform approach" whereby a single computing 
framework can host multiple AI technologies within a single interface. This approach effectively supports 
macro-level workflows in which different, task-specific AI may be in play.The platform vendor is also very 
likely to offer additional support, maintenance, compliance, and quality control services across all vendors 
inside the kimono—simplifying internal support processes.Downside – the host platform vendor becomes a 
mandatory component of all AI integration projects, which may constrain future AI applications' choice to 
only the algorithms and vendors that the host supports. Choice of platform vendor requires careful 
consideration and close involvement from the supplier management team. 

Multi-Department RIS Integration (Figure D) 

This approach extends yet again the level of workflow and technical integration. Having been processed 
according to the platform hosted model, AI-augmented and reviewed results within the integrated PACS are 
distributed via the CIS for access. Full RIS integration carries many of the benefits, shortcomings, and 
commercial risks of the multi-vendor platform approach while extending the integration beyond the 
radiology team and making the data more widely available within the organization.  

 
Advanced Functional Options 
 

• Alongside the more "traditional" image-based analysis and annotation offered by AI components, some 
platforms can offer additional advanced functions, further leveraging the environment's support of the drive 
for increased productivity and diagnostic capability.  

• Voice integration for data capture: Voice transcription for reporting services. 
• Radiologist’s feedback to improve the training model of the AI 
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• Re-submission and revision: Occasionally, radiologists may determine that the AI must revisit the 
evaluation of a particular structure with a different set of configurations.  
 
Conclusion 
 

• AI applications have a very significant and developing role in radiology. However, the technology is 
developing fast and is further impacted by developments in parallel in associated technologies such as 
Cloud Computing, Networks, and Virtual/Augmented Reality. It must be noted that AI, in particular, is 
a group of aligned technologies, all the subject of intense technical focus is currently moving through a 
hype cycle, at various rates.Several technologies presently near the peak are very relevant to this sector 
(Machine Learning, Deep Neural Networks, Natural Language Processing, AI Cloud Services, etc.At 
this stage of their development, AI applications are marketed to enable substantial improvements in 
productivity & more consistent delivery of quality care. 
 

• Many AI applications are currently trained to undertake only a specialized subset of tasks and lack the 
more comprehensive patient view and the ability to consolidate information from multiple possibly 
unintegrated data sources into a diagnostic conclusion.The principle challenge in selecting, adopting, 
and leveraging AI in a clinical context lies in understanding how it is to be applied in such a way as to 
extract maximum benefit.Inserting it into the workflow without harmful disruption takes consideration 
& careful planning, involving multi-disciplinary stakeholders from across the organization. The clinical 
teams and IT, HR, supplier management, and legal resources have critical roles. 

 
• Future developments in AI, supported by advances in computing power & communications, will enable 

much more capable AI to make inferences at levels not yet currently understood. Human radiologists 
will confidently surrender their workload to the AI assistant and focus instead on delivering highly 
personalized, precision care to the patient. 
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Introduction: 
 
The term "Artificial Intelligence" was coined by John McCarthy in 1956 in a Dartmouth College workshop[1]. 
AI can be defined as the process of developing intelligent machines which can replace or outperform the 
natural intelligence of human beings[1]. Machine learning (ML) and Big Data are twoprimary components of 
AI. 5V can define big Data, i.e., volume: the data in large volume, Variety: data from various sources, 
Velocity: data grows very fast, Veracity: quality and integrity of data Value: the richness of data [2]. ML is 
how a machine learns from past events or data without being explicitly programmed for that. Mainly there 
are three types of ML methods known as (i) supervised learning, (ii) unsupervised learning, and (iii)semi-
supervised [3]. In supervised learning, training data sets are labeled and used to map the input data to the 
desired output. 
In contrast, neither data is labeled nor mapped to the output during the learning process in unsupervised 
learning methods. The semi-supervised learning method combines supervised and unsupervised ML methods 
in which labeled andunlabeled data are used to construct an accurate learning model [3]. Deep learning is a 
sub-type of the machine learning system in which the algorithm learns a composition of features that are 
represented in a hierarchy of structures in the data. Complex representations of data are expressed in simpler 
representations of data in deep learning [4]. Various deep learning algorithms propose an end-to-end approach 
to predict outcomes by hierarchically learning simple features as complex features. 
 
 
 

 
Figure 1: Interdependency of Artificial intelligence (AI), Machine Learning (ML), and Big data 

 
Significant types of ML techniques can be categorized mainly in three groups; 1) Regression, 2) Decision 
Tree (DT), and 3) Deep learning. There is various kind of regression algorithms, i.e., Linear regression, 
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Logistic regression, K-Nearest Neighbor (KNN), decision trees algorithms, i.e., Random Forest (RF), 
Support Vector Machine (SVM), Bayesian Network (BN), and deep learning algorithms, i.e., Convolutional 
Neural Networks (CNN), Recurrent Neural Networks (RNN), Artificial Neural Networks (ANN). [2-7] 

 
 

 
 

Figure 2: Machine learning algorithms A) Regression algorithm B) Decision tree algorithm C) 
 
Deep learning algorithm: 

Implementing artificial intelligence in medical imaging and diagnostics can be achieved by implementing 
predictive analytics, radiomic workflow, and natural language processing (NLP) workflow. 
 
 
Predictive Analytics: 

Predictive analytics endows prediction models to become proactive, forward-looking, anticipating outcomes 
and behaviors based upon the data and not on a hunch or assumptions. Predictive analytics can also suggest 
actions to benefit from the prediction and provide decision options to benefit from the predictions and their 
implications. Predictive analytics includes gathering the data from various sources (Data Harvesting), 
processing the data and making it amenable to the machine learning (Data Cleaning), reduction of 
dimensionality of the data (Feature Selection), development of a predictive model using the most relevant 
features, and algorithms (Prediction Model Development), selection of best model based on internal and 
external validation retrospectively and prospectively (Model Selection). 

 

Figure 3: Predictive modeling involves various processes from harvesting data to selecting the best model. 



Technology & Cancer Care 

 

Page 390 of 564 

 
Radiomics process:  

Mostly imaging data is analyzed qualitatively and semi-quantitatively to diagnose the pathological 
conditions. The visual perception or semi-quantitative data can extract minimal information from the image. 
A paper published in radiology Gillies RJ et al. describes a medical image as more than a picture; its data 
and various quantitative parameters can be extracted from the medical images [8]. Radiomics is a process to 
extract high throughput quantitative parameters from medical images to unearth various pathological 
conditions [8-12]. Radiomic features extracted from medical images can be classified as; shape-based 
features, first-order features, higher-order features, textural features, LOG features, and Wavelet features [9-
12]. The entire radiomic process (figure 4) involves image extraction, tumor segmentation, preprocessing of 
images, i.e., conversion of images in the required format, voxel normalization, image masking, filtering of 
image, image transformation, radiomic extraction involves extraction of radiomic features from original, 
filtered and transformed images [12]. This process leads to the data explosion, and that can be managed by 
employing feature selection of reduction methods described in the previous section. Finally, 
extracted/selected features are used for prediction model development.  

 
Figure 4: Describes the radiomic process for radiomic feature extraction and feature selection 

 
Natural Language Processing: 

Natural Language Processing (NLP) employs the processing of recorded speech or written text reports or 
both to extract structured reports by using machine learning and deep learning algorithms. There are various 
well-established NLP applications in diagnostic and clinical text processing in medicine, such as report 
classification, report interpretation, sentiment analysis, text generation [13]. The entire NLP workflow 
consists of various steps summarized in figure 5. Pre-processing of data employs segmentation, stop word 
removal, and tokenization of free-text data. The synthetic analysis involves sentence parsing, parts of speech 
(POS) tagging, chunking, and concept recognition. Negation detection identifies the presence or absence of 
concept and feature selection, and vector labeling extracts the relevant feature and labels it. Feature 
processing and model development & validation involve defining the outcome, generating annotated corpus, 
training, and validating the model on the annotated corpus. The model implementation is the final step in 
NLP workflow, which involves the classification of text, report generation, and clinical decision support 
systems. 
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Figure 5: Natural Language Processing workflow 
 
 
Artificial Intelligence in Medical Imaging: 
Recent literature has witnessed the emerging role of artificial intelligence in medical imaging. In the coming 
years, healthcare will witness AI's use in the medical imaging department's entire workflow. The 
implementation of AI in medical imaging is summarized in figure 6.  
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Figure 6:  Role of AI in medical imaging and diagnostic workflow 

 
Planning of imaging procedure:  
Medical imaging procedures are often associated with radiation exposure, procedural complexity, and high 
cost.  These imaging procedures require procedural but patient-specific preparation and planning, which 
requires highly skilled human resources to perform these tasks. Several studies have been performed to 
establish AI algorithms' role in patient scheduling, procedure selection, patient preparation, and dosimetry. 
Smart scheduling from GE healthcare and Patient Scheduling by cognitiveScale are examples of AI-based 
intelligent patient scheduling solutions [14-15]. Ansart et al. showed that AI-based screening of patients led to 
increased recruitments and fewer costly PET scans in a clinical trial [16]. Massachusetts General Hospital 
performed a study to predictpatients' no-shows for a diagnostic procedure with the help of a prediction model 
developed using logistic regression [17].Xie T. et al. have shown that the radiation dose to the fetus from 
various radiopharmaceuticals can be calculated by AI technique [18]. Xie T. et al., in another study, have 
performed a deep learning-based dosimetry calculation for internal organ dosimetry [19-20]. 
 
Medical imaging procedure: 
Modern generation scanners have started using various machine learning technology,which is expected to 
increase in the near future [21]. AI can optimize image quality, scan time, scan range, and radiation exposure 
in diagnostic procedures. Aydin D. et al. have demonstrated a deep learning algorithm for scan range 
delimitation in CT Chest [22].    An automated tube current (Auto mA) is utilized for modulating tube current 
to minimize radiation exposure to the patient. Auto mA procedure is based on a patient's scanogram, but 
minimum and maximum mA is predefined and not patient-specific [23]. Nevertheless,AI-assisted systems 
may allow us to real-time and patient-specific modulation of the tube current to obtain the image's best image 
quality with reduced radiation exposure to the patient [24]. AI-based systems can assist radiologists in finding 
the tradeoff between better imaging and radiation exposure to the patient.  

 
Image reconstruction 
Image reconstruction in radiology and nuclear medicine has been challenging, and several iterative 
reconstruction techniques have been used. In the last few years, AI-assisted reconstruction of medical images 
has been tried by many researchers and shown an improvement in image quality [25-33]. Also, under the 
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image's image wisely and wisely, a low-dose diagnostic CT scan is proposed. Conventionally iterative image 
reconstruction technique has been utilized to improve the image quality in low dose CT [25].  Chen, H. and 
Zhu, B et al., and several others have demonstrated the utility and superiority of deep neural network-based 
reconstruction of low dose CT data over commercially available reconstruction techniques [26-32]. Hong et 
al., in their study, used a convolutional neural network (CNN) to enhance the image resolution of PET scans 
[33]. Xiang L et al. has shown the promising result with the in-depth learning technique to improve the image 
quality of low dose and less scan time reconstruction in PET imaging [34]. Wang Y et al. have also 
demonstrated 3D deep convolutional networks' utility to predict high dose PET scan using low dose [35].  
Kim et al. used denoising CNN with the local linear fitting improved image quality of PET in iterative 
reconstruction algorithm [36]. Shiri L. et al. have shown the utility of deep learning residual network to 
predict full dose myocardial SPECT using low dose SPECT data [37].  
 
Fusion imaging like PET/CT has been a breakthrough in cancer imaging [38]. PET/MRI is another fusion 
medical device gaining a role in medical imaging, but it faces a significant challenge in attenuation correction 
in PET images with corresponding MRI images [39]. Several conventional techniques have been tested to 
improve attenuation correction in PET in PET/MRI [40]. Recent literature suggests AI's role in attenuation 
correction of PET images of PET/MRI [41-45]. Hossein A. et al. have shown the deep learning technique's 
utility to estimate attenuation correction map based on time-of-flight PET emission data [41]. Hossein A. et 
al. have also estimated attenuation and scatter correction together in multi tracer neuroimaging study [41]. 
In a similar study, Shiri L. et al., in a similar kind of study, used deep learning to successfully estimate joint 
scatter and attenuation correction in PET images successfully [42]. In another study, Hwang D. et al. in 
another study using a deep neural network to utilizethe MLAA algorithm to generate activity and attenuation 
maps together [43]. Liu F et al., in another study, have used deep learning MR image-based technique to 
generate an attenuation map [44]. Several researchers have also demonstrated the prediction of one modality 
image to another modality with AI methods. Nie et al., in a small study, have demonstrated the feasibility of 
direct MR-to-CT image prediction using context-aware GANs [45].  
 
Image Interpretation and report generation: 
Image interpretation and reporting are among the most critical tasks in medical imaging performed by 
imaging experts. Image interpretation consists of finding clinical history, image reading, extracting 
quantitative data from an image, comparingthe scan with earlier scan, quantitatively and qualitatively, 
reporting the findings, and finally interpreting the finding. AI tools may reduce this burden from expertsto 
do more meaningfuljobs like interpretingfindings, providing expert opinion, and contributing to 
multimodality treatment groups. Natural Language Processing (NLP) is an evolving technology that can help 
radiology text processing in many ways.  In their systematic review of the literature of NLP in radiology 
reporting,Pons E et al. have discussed the utilization of NLP in detail [12]. In their narrative review, Pinto 
D. et al. have also emphasized the importance of artificial intelligence in radiology reporting and the 
importance of structured reporting to improve the use of AI in radiology reporting [46]. Singh R et al. have 
used deep learning algorithms to detect chest radiograph findings and demonstrated the added advantage of 
using deep learning method for pulmonary and hilar abnormalities [47].  Rajpurkar P. et al., and S. Singh et 
al., have developed a deep learning module that can generate radiology reports from chest x-rays [48-49]. 
IBM has developed a commercial algorithm that claims to read chest x-rays and generate a radiology report 
that matches the resident level report [50]. Several researchers have developed deep learning algorithms for 
tumor segmentation, which outperformed clinicians' segmentation [51-53].  Zhao X et al. and several others 
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have CNN for CT image segmentation and have shown the technology's capability for automated 
segmentation [51-52]. Norman B et al. have used U-net CNN algorithm for knee MRI image segmentation 
[53]. 

 
Clinical decision support system: 
Oncology treatment is complicated and is becoming personalized to offer tailored treatment to the patients 
[54]. Various literature published in the last few years suggests a significant AI role in developing advanced 
decision support systems in oncology. Several researchers are developing various kinds of prediction models 
for various endpoints like; overall survival, progression-free survival, loco-regional recurrence, distance 
metastasis, treatment outcome, toxicity, treatment selection, and disease prognostication. In a 
study,Mahadevaiah G. et al. have described the use of artificial intelligence in decision support systems in 
oncology and also have emphasized the importance of selection, acceptance, commissioning, and quality 
assurance of these processes [55]. A concept of digital phenotype has been explored by many researchers 
using the radiomics signature of a tumor. Aerts HJ et al.have described how radiomics can decode tumor 
phenotype and characterize it [56]. Various qualitative, semi-quantitative, and radiomic data extracted from 
medical images are utilized to develop cancer prediction models for various endpoints, as mentioned earlier 
[57-64]. Medical imagingcan play a significant role in the decision support system in oncology and various 
clinical conditions. 
 
Future direction and Limitations of Artificial Intelligence: 
AI will make significantmedical imaging and diagnostics contributions to solve the persistent issues and 
improve the imaging departments' workflow. AI-assistedimaging and image reconstruction will be the 
significant area of research. Radiomics based digital phenotyping and outcome prediction will be the second 
most important area of AI research and medical imaging implementation. Radiomic and image-based deep 
learning technology may become a game-changer in oncology. Image interpretation based on a deep learning 
model will open up a new horizon in medical image interpretation and report generation.  
 
Limitations of AI implementation in medical imaging are many. The data is the most crucial requirement for 
the development of prediction models in artificial intelligence. Limitation of data and quality of data are 
significant limitations. Over the year, the changing imaging parameters due to improved software and 
hardware of imaging equipment, differences in equipment, and non-homogeneity in imaging parameters 
across the departments are major concerns and limitations to generate a large amount of identical data. The 
stability of radiomic features is also questionable. In their stability study, Jha AK et al. have shown that only 
around 10 percent of features are stable [65]. Simple AI algorithms like regression and decision trees are 
understandable and explainable, but advanced algorithms like deep learning are non-understandable and 
unexplainable. Implementation of these advanced AI techniques can be difficult if the unexplainable mode 
of operation remains unresolved [6-7]. Regulatory aspects should be dealt with caution; each prediction 
model and techniquewill be different, and licensing may be asignificant issue [66]. Ethical perspective should 
be considered related to Hippocratic Oath for clinically deployed [67]. The AI research community should 
focus on these limitations to make AI implementations reliable and acceptable in medical imaging. 
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Chapter 4: Applications Of Artificial Intelligence In Neuroimaging 
Dr. Vatsal Kania, Dr. Kajari Bhattacharya 

 
As Artificial Intelligence (AI) continues to gain popularity in medical imaging, its application in various 
aspects of neurological disorders has become an intense research area. Neuroradiology is the most 
significantly represented area and accounts for around one-third of publications catering to AI in medical 
imaging(1). Machine learning is a branch within AI that incorporates algorithms and statistical models trained 
on sample data to learn by example, identify patterns, and make predictions from new data (2). Deep learning 
is a machine learning method that is modeled on human neurobiology and can process raw unstructured data 
with multilayered artificial neural networks(3). 
 
The influence of neuroradiology in AI research may be attributable to various factors, including the 
multimodality andmultidimensional data available for machine learning tasks, well-established 
neuroimaging public datasets for multiple diseases. These includeAlzheimer's disease, Parkinson's disease, 
stroke, brain tumors, and many unsolved problems in neurosciences that intrigue researchers(4). Applications 
of AI in neuroradiology can be summarized as follows(4): 
 
a) Classification of abnormalities (e.g., stroke, mass effect, tumors) 
b) Detection of lesions (e.g., small metastases, minimal bleed) 
c) Prediction of outcome (e.g., stroke volume, tumor type, and prognostication)  
d) Postprocessing tools (e.g., tumor segmentation and analysis) 
e) Image reconstruction (e.g., low dose CT) 
f) Image enhancement (e.g., noise reduction) 
g) Workflow (e.g., determine protocol choice automatically and optimize equipment efficiency) 
 
ROLE OF AI IN STROKE: 
A significant role of deep learning has been in stroke imaging. Artificial neural networks consist of an input 
layer, multiple hidden layers, and an output layer (Fig 1). Optimization and training of these networks can 
help predictions and classifications based on new unseen data(5). 
 
AI can be used as a rapid screening tool to alert radiologists and physicians in plain CTs by separating 
hemorrhagic from ischemic strokes and ruling out ischemic strokes at more incredible speeds with high 
specificity(6).  
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Figure 1: Application of machine learning techniques in acute ischemic stroke detection. (Image courtesy: 
Yedavalliet al., Artificial intelligence in stroke imaging: Current and future perspectives, Clinical Imaging 

69(2021), 246-254) 
 
Incredible progress has also been seen in image optimization,including fast image acquisition and 
reconstruction, denoising, artifact reduction, and resolution improvement. Again, speedier image analysis 
can prove critical in a time-dependent event like an ischemic stroke to identify and salvage neural tissue. 
Various major large vessel occlusion trials like SWIFT PRIME, DAWN, EXTEND-IA, and DEFUSE have 
used well-known RAPID software for CT angiography and perfusion studies(7).Recently tissue outcome 
prediction and patient outcome prediction studies have been published. Machine learning and deep learning 
studies have also performed well in complication prediction, e.g., an accuracy of 84% has been achieved in 
hemorrhage prediction in one study(8). 
 
ROLE OF AI IN INTRACRANIAL HEMORRHAGE: 
Intracranial hemorrhage is apotentially life-threatening condition, and detecting cerebral hemorrhage with 
brain CT is a widespread clinical use case for machine learning. The Radiological Society of North America 
constructed a machine learning dataset in 2019 to detect intracranial hemorrhage in subarachnoid, 
intraventricular, subdural, epidural, and intraparenchymal locations(9). Several such algorithms developed 
forpredicting intracranial hemorrhages have AUCs for accuracy consistently more than 0.8 in many 
studies(10-12) (Fig 2). Most of these studies are based on CT datasets, which form the workhorse in acute 
traumatic or non-traumatic hemorrhages. Another software showed high accuracy with a ROC (receiver 
operating characteristic) area under the curve of 0.991 ± 0.006 for identifyingscans that were positive for 
acute intracranial hemorrhage using patch-based fully convolutional neural network (PatchFCN)(13). 
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Figure 2: Segmentation and detection of various types of intracranial hemorrhages by machine learning 
algorithms. (Image courtesy: Kuoet al., Expert-level detection of acute intracranial hemorrhage on head 

computed tomography using deep learning, PNAS, 2019) 
 
ROLE OF AI IN BRAIN TUMORS: 
Applications of AI in neuro-oncology includeidentifying various tumors, especially gliomas depending upon 
their molecular architecture, aiding in clinical management, risk stratification, and prognostication(14). Since 
neuro-oncology heavily depends upon molecular markers for guiding therapy, AI-based algorithms can 
identify important molecular markers non-invasively using extraction and analysis of quantitative data 
known as radiomics or texture analysis (Fig 3). Specifically, artificial intelligence algorithms have accurately 
identified isocitrate dehydrogenase (IDH)mutational status, O-6-methylguanine-DNA methyltransferase 
(MGMT) methylation status, and 1p/19 codeletion status in various institutional datasets. Other markers like 
EGFR have also been successfully applied to multiple clinical trials. Similar studies are being undertaken 
for other tumors like pediatric posterior fossa tumors.  
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Figure 3: Segmentation of tumors using radiomics and its potential application in survival prediction. 
(Image courtesy: Bakas et al., Identifying the best machine learning algorithms for brain tumor 

segmentation, progression assessment, and overall survival prediction in the BRATS challenge, arXiv, 
2019) 

 
 
ROLE OF AI IN DEMENTIA AND NEURODEGENERATIVE DISORDERS: 
AI techniques, in particular automatic classifiers such as Artificial Neural Network (ANN), Support Vector 
Machine (SVM), Classification Tree (ClT), and ensemble methods like Random Forest (RF), can analyze 
findings obtained by positron emission tomography (PET) or single-photon emission tomography (SPECT) 
scans of patients with Neurodegenerative Diseases, in particular Alzheimer's Disease. A study conducted by 
Ramirez et al. showed a computer-aided diagnosis system for extraction of imaging features and early 
detection of Alzheimer's disease(15). The proposed system is based on a partial least square regression(PLS) 
model for feature extraction and a random forest predictor. PLS feature extraction is useful for extracting 
discriminative information from the data with peak sensitivity, specificity, and accuracy values of 100%, 
92.7%, and 96.9%, respectively. Alzheimer's Disease Neuroimaging Initiative (ADNI) is one of the most 
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extensive ongoing longitudinal multicenter studiesdesigned to develop clinical, imaging, genetic, and 
biochemical biomarkers for the early detection and tracking of Alzheimer's disease (AD). Deep learning 
algorithms are being applied to this data to predict cognitive impairment levels from mild cognitive 
impairment to dementia(16). AI's emerging role in psychiatric disorders and neurocognitive functions is now 
being studied at great depths(17).  
 
ROLE OF AI IN TRAUMA:  
The expectations to provide dedicated emergency radiology service round-the-clockby a radiologistare 
mounting, and AI can helpdeal with the ever-increasing imaging volumes and workloadsin trauma imaging 
(18).Some of the areas where AI models are in research include the following. 
1. Order entry optimization is being used to eliminate the unnecessary ordering of imaging studies. 
2. Models are being used to decide the protocol of imaging studies.  
3. Neural networks are being developed to assist technologists in acquiring ever-better quality medical 

images.  
4. Postprocessing AI is delineating information from medical images that the human eye is not well attuned 

to identifying.  
5. Diagnostic decision support AI helps radiologists prioritize imaging studies based on preliminary AI 

diagnoses detecting acute findings.  
6. Clinical support AI supports emergency doctors and clinicians to integrate a complex array of clinical 

data, including imaging results, into decision support algorithms. 
 

 
ROLE OF AI IN EPILEPSY: 
The majority of neuroimaging research has focused on temporal lobe epilepsy (TLE), which is the most 
prevalent form of medically intractable epilepsy. The pathologic finding of MTS exists in up to 65% of cases 
of TLE. An automated machine learning tool that incorporates the results (hippocampal atrophy and T2 
signal abnormalities) into a single metric predicts MTS or TLE has more promise in supplementing 
neuroradiologists' visual analysis. Rudieet al. (19) developed an SVM algorithm that measures brain 
morphology, including cortical thickness, volume, and curvature, generated from FreeSurfer's automated 
segmentation and parcellation to a large epilepsy patient sampleto identify MTS (Fig 4). It automatically 
identified MTS in epilepsy patients with up to 71% accuracy for whole-brain comparisons and 82% accuracy 
when focusing on the MTS hemisphere. 
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Figure 4: Surface-based rendering of the top twenty morphological measures that distinguish epilepsy 

patients with MTS from epilepsy patients without MTS in the ipsilateral SVM-RFE analysis. The colors 
represent different types of cortical morphological features, including cortical thickness (blue), surface area 

(yellow), volume (green), and curvature (red). (Image courtesy: Rudie et al., Machine learning 
classification of mesial temporal sclerosis in epilepsy patients, Epilepsy Res., Nov 2015.) 

 
Focal cortical dysplasia (FCD) is a significant cause of pharmaco-resistant epilepsy in patients undergoing 
surgical resection. MRI postprocessing methods have been used to improve the detection of FCD lesions. A 
model developed by Jin et al.(20)shows automated lesion detection using an artificial neural network 
classifier implemented in MATLAB R2015b (MathWorks, Natick, MA, USA). The classifier was trained 
using all those mentioned above morphological and intensity features and their corresponding 
interhemispheric asymmetry. Under the ROC analysis curve, the area was 0.75, with the robustness of 
performance-tested patients at a different center. 
 
 
Conclusion 

Artificial Intelligence continues to grow in all human communication fields, and its implications are widely 
being recognized in Radiology. Neuroradiology has seen considerable advancements in its applications in 
the last three decades. As our knowledge and understanding of various brain networks grow, we may finally 
be able to solve the jigsaw puzzle to correlate anatomy, pathology, functional connectivity, and cognition to 
the highest order. 
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Chapter 5: Artificial Intelligence in Lung Imaging 

Dr. VatsalKania, Dr. Amitkumar Janu 

 
Lung cancer continued to have the highest incidence and mortality rates worldwide in 2018 [1]. Because of 
its aggressive and heterogeneous nature, detection and intervention at an early stage when cancer manifests 
as pulmonary nodules are vital to improving the survival rate [2]. Low-dose CT is currently widely used in 
early-stage lung cancer screening, as extensive studies have shown that the mortality rate can be significantly 
reduced. Although detecting pulmonary nodules has been improved using new-generation CT scanners, 
certain nodules may still be overlooked due to nodule appearance, image quality, or perception error by the 
radiologist, which could be caused by inappropriate reading conditions, fatigue, or distraction [3,4]. 
 
Applications of Artificial intelligence  
 
Chest radiograph (CXR): 
One of the essentialapplications of artificial intelligence is workflow optimization, by detecting CXR with 
possible abnormalities that should be read first among all CXR of the worklist. Kao et al. developed a 
Computer-aided detection (CAD) system using density and texture-based features, which automatically 
separates radiographs with abnormal findings in the worklist of radiologists interpreting chest examinations 
prioritizing abnormal radiographs. This led to a reduction in the turnaround time for reporting abnormal CXR 
by 44 % [5]. CAD can help detect specific pathologies on chest radiographs, such as detecting tuberculosis or 
pneumonia, which are very common in the Indian scenario. Many new algorithms are being developed for 
more advanced tasks such as multiple disease detection [6]. 
 
Pulmonary nodule detection: 
The deep learning (DL) technique using convolutional neural networks (CNNs) takes advantage of artificial 
intelligence's most recent development. It has shown promise in assisting lung nodule detection and 
management (7, 8, 9). The DL model is fundamentally different from conventional computer-aided detection 
systems and can be easily optimized and readily applied to read a large amount of data.A deep learning model 
developed by Liu et al.(10) showed improved overall sensitivity compared with manual identification of 
pulmonary nodules and was insensitive to radiation dose, patient age, or CT manufacturer. The nodule 
detection performance of the DL model was demonstrated using the FROC curve. On average, when there 
was one false-positive detection per scan, sensitivity was 0.74. Sensitivity improved at the cost of specificity 
and reached a maximum of 0.86 when there were eight false-positive detections per scan.It could potentially 
enhance the manual identification of pulmonary nodules and reduce reading time when used for assistance. 
 
Lung cancer screening: 
Low-dose computed tomography is being employed for lung cancer screening. It has been shown to reduce 
mortality by 20–43% and is now included in US screening guidelines. Existing challenges include inter-
grader variability and high false-positive and false-negative rates. 
 
In lung cancer screening, AI models have shown the ability to automatically identify pulmonary nodules and 
differentiate between benign and malignant nodules (11). Ardila et al. proposed a deep learning algorithm to 
detect nodules at risk of lung cancer (12). The model used the patient’s current and prior CT images for 
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processing and segmentation. It was tested on 6,716 National Lung Cancer Screening Trial(NLCST) cases, 
where it showed excellent performance, with the area under the curve (AUC) 94.4%. Similar results were 
obtained on an independent validation set of 1,139 cases. 
 
Lung nodule volumetry: 
CAD has been used for calculating the volume of screen-detected nodules. NELSON study (13) has 
implemented CAD-based lung nodule volumetry and also estimates the volumetry-based doubling time. In 
the NELSON study, nodules of less than 50 mm3 were considered as a negative screen along with lung 
nodules between 50 and 500 mm3 size. The volumetry-based doubling time when calculated at three months 
for such nodules was more than 400 days. The ratio of positive screens (true and false positives) in the 
NELSON study was 6.6 %, compared to 24.1 % in United States National Lung Screening Trial (NLST), 
where nodule diameters were measured manually. The main advantage of software-based volumetric 
measurements is their high repeatability [14]. Using CAD-based lung nodule volumetry, the solid nodules 
with doubling times more than 500 days have a 98 % negative predictive value for malignancy diagnosis [15].  
 
Diffuse lung diseases: 
CNN can be applied to diagnose and stage COPD and predict acute respiratory distress (ARD) and mortality 
in smokers [16]. CNN can also be used to detect and quantify infiltrative lung diseases (ILD) or the automated 
classification of fibrotic lung diseases. 
 
COVID-19 detection: 
A study by Lin Li et al.[17] used a three-dimensional deep learning model (COVnet) for detecting coronavirus 
disease 2019 (COVID-19) from chest CT scans. The model was developed to differentiate coronavirus 
disease 2019 (COVID-19) and community-acquired pneumonia (CAP) from chest CT scans. COVNet takes 
as input a series of CT slices followed by a CNN extraction of features from each CT slice. The resulting 
feature map is fed to a fully connected layer. The ultimate result is a probability score for each class(COVID-
19 AND CAP).The model achieved high sensitivity (90% [95% confidence interval [CI]: 83%, 94%]) and 
high specificity (96% [95% CI: 93%, 98%]) in the detection of COVID-19, on an independent testing data 
set. 
 

 
Figure 1 (COVNet) architecture - Coronavirus disease 2019 (COVID-19) detection neural network. CAP 

= community-acquired pneumonia.(Image courtesy: Li et al. [12]Using artificial intelligence to detect 
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COVID-19 and community-acquired pneumonia based on pulmonary CT: evaluation of the diagnostic 
accuracy. Radiology. 2020) 

 
 
Radiomics and Deep learning model: 
Radiomics is a field that extracts these imaging features to quantitatively characterize the tumor phenotype 
with high-throughput. Radiomics aims to extract a large number of quantitative features from medical images 
to characterize the tumor phenotype. Radiomics has been used to characterize tumor aggressiveness, 
viability, and tumor response to chemotherapy/radiation [18]. Radiomics help reveals information about tumor 
biological behavior, which further helps in prognosis estimation in confirmed lung cancers, estimates the 
risk of distant metastasis, and further guidance in management [19]. Radiomics and deep learning models have 
been developed which predict histology and mutational profile of lung tumors [20]. Radiomic signatures were 
developed using principal component analysis (PCA) on stable, reproducible features. These radiomics 
signatures successfully differentiated EGFR positive cases from EGFR wild type, with an AUC of 0.69 [20]. 
However, one of the issues with radiomics is robustness, leading to a generalization of the learned signatures. 
The radiomics models are based on an imaging study acquired under specific, homogeneous imaging 
conditions, which are not representative of clinical routine [21]. CNN developed using deep learning models 
generally allows obtaining better results than traditional machine learning methods (CAD, Radiomics). Zhao 
et al. developed a deep learning model and got an AUC value of 0.75 to predict EGFR mutation in patients 
with lung cancer [22]. 
 
 
Conclusion: 
 
Multiple applications are currently being developed with deep learning-based approaches and will require 
prospective clinical evaluation. These developments are more as an opportunity to radiologists rather than 
being a threat. The radiologists' job can be made easy using machine learning with workflow optimization, 
increased detection rate, accurate lesion characterization, and quantification tasks, especially in thoracic 
imaging. 
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Chapter 6: Artificial Intelligence in Liver 
Dr. Akshay D Baheti, Dr. Shreya Shukla, Dr. Aparna Katdare 

 
Artificial intelligence (AI) has emerging liver imaging applications, ranging from liver volumetry to 
detection, characterization, and prognostication in focal and diffuse liver diseases. As the data is 
retrospective, the level of evidence is weak (level V or VI), but it holds promise. 
 
Volumetry and Segmentation: 
AI algorithms have demonstrated great promise in automated hepatic and lesion segmentation and volumetry. 
A recent study by Wang et al.demonstrated the utility of deep learning (DL) and convolutional neural 
networks (CNNs) to assess liver volumes across different modalities, with high concurrence with manual 
segmentation (Dice scores of 0.92 to 0.94)1.Ibragimovet al. were able to accurately segment the portal vein 
on CECT with a Dice similarity coefficient of 0.83 for patients who were scheduled to undergo stereotactic 
liver radiation2.Lu et al.demonstrated high accuracy and liver segmentation using CNN on living donor 
transplant work-up patients3.Semiautomated softwareis already in clinical use for future liver remnant 
calculation before partial hepatectomy. Kulkarni et al. have validated this in the clinical setting and a 
Spearman's correlation of 0.956 between the calculated volume and actual specimen weight4. 
 
Focal liver lesion detection and characterization: 
DL methods, along with CNN's, have good potential for focal hepatic lesion detection. Schmauchet al. looked 
at using DL methods to detect and characterize focal liver lesions as benign or malignant on ultrasound5. 
Their model with a supervised-attention mechanism had an AUC of 0.935 and 0.916 for lesion detection and 
characterization, respectively. Yasakaet al. studied CNNs in dynamic CECTs with arterial and delayed phase 
images and classified lesions into five categories (hepatocellular carcinoma - HCC, non- HCC malignancies, 
cysts, hemangiomas, and indeterminate or uncommon benign lesions)6. They observed high diagnostic 
performance, with a median accuracy of 0.84 for a differential diagnosis of liver masses and an AUC of 0.92 
for classifying benign vs. malignant masses. Vivantiet al. showed a true positive rate of 86% and a precision 
of 87% in lesion detection over longitudinal liver CT studies7.  
 
Diffuse liver disease: 
Much research has demonstrated promising results in applying AI for staging diffuse liver diseases such as 
non-alcoholic fatty liver disease (NAFLD) and steatosis and fibrosis scores. Yasakaet al. studied the utility 
of a deep CNN model for assessing the staging of liver fibrosis on gadoxetic acid MRI and demonstrated a 
high diagnostic performance compared with pathology, with a Spearman rank correlation coefficient of 
0.638. Fibrosis stages F2, F3, and F4 were diagnosed with an AUC of 0.85, 0.84, and 0.84. The same group 
also studies CT's accuracy for fibrosis staging and demonstrated Spearman rank correlation coefficient of 
0.48 and an AUC of 0.73, 0.76, and 0.74 for fibrosis stages F2, F3 F4, respectively9.Byraet al. for liver 
steatosis assessment on grey-scale ultrasound images, a deep CNN model with transfer learning was studied 
with an AUC of 0.97 and sensitivity, specificity, and accuracy of 100%, 88%, and 96%, respectively10. A 
recent systematic review and meta-analysis of 19 studies on the diagnosis and staging of hepatic fibrosis and 
steatosis concluded that it is greatpotential for AI-assisted systems for diagnosing liver fibrosis and NAFLD 
that their validation is still required before implementation in clinical practice11. 

 
Cirrhosis and HCC: 
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AI has applications in both detections of cirrhosis and HCC and its post-treatment evaluation. Liu Xet al. 
used a CNN model to accurately diagnose liver cirrhosis on ultrasound by extracting the liver capsule 
information, with a diagnostic AUC of 0.96812.Liu Fet al. developed and prospectively validated a radiomics 
signature to detect clinically significant portal hypertension in a multicenter trial, with four prospective 
external validation cohorts demonstrating a C-index of 0·89, 0·80, 0·91, and 0·8313.  
 
Radiomics and AI have potential applications in the detection, prognostication, and post-treatment evaluation 
of HCC.Mokraneet al., in a multicenter retrospective study, analyzed the triphasic CTs of indeterminate 
hepatic lesions in cirrhotic patients14. They demonstrated that a signature using a single radiomics feature 
quantitatively assessing the changes between arterial and portal venous phase images had an AUC of 0.70 
and 0.66 in the discovery and validation cohorts, respectively. Zheng et al. demonstrated that nomograms 
incorporating pre-operative CT-based radiomics and clinical variables more accurately predicted patient 
prognosis than traditional staging in patients who underwent surgical resection for a solitary HCC15. Several 
studies have evaluated prognostic features using AI and texture analysis, many of which focused on detecting 
microvascular invasion. Xu et al. developed a model based on CT-based radiomics score, laboratory 
variables, and image analysis with an AUC of 0.889 for predicting microvascular invasion in the test 
database16.Peng et al. evaluated the use of CNN for predicting response to transarterial chemoembolization17. 
They observed 85.1% and 82.8% accuracy, respectively, for the two validation cohorts for predicting 
response to TACE. Decision curve analysis demonstrated a net benefit in the two cohorts.  
 
 
Conclusion: 

AI and radiomics have great potential in various aspects of hepatic imaging, from segmentation and 
volumetry, lesion detection and characterization, detection and quantification of diffuse liver disease, and 
prognosticating and predicting response to therapy for patients with malignancy. More extensive clinical 
validation studies are needed before these can be applied in routine clinical practice. 
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Chapter 7: Artificial Intelligence in Breast Imaging 

Dr. Manisha Bahl, Dr. PalakPopat, Dr. Sonal Chauhan 
 
Breast imaging, coupled with interventions, is one of the more clinically inclined radiological sub-specialty. 
The higher incidence of breast cancer, the range of imaging requirements from screening to diagnostics, from 
detection to mapping disease extent, from surveillance in the high-risk genetic group to response assessment 
and resorting to multi-modality approach for problem-solving cases, are often demanding to a breast 
radiologist. The constant evolution of technology, from film-screen to digital mammography, tomosynthesis 
and contrast-enhanced digital mammography, quantitative elastography in ultrasonography and MRI with 
new protocols, offers improving diagnostic abilities.AI applications can aid in restoring order to some areas 
of the workflow.  

Computed aided detection and diagnosis is one of the earlier used AI-basedtools, assisting on two fronts. It 
serves as a tutor to the novice breast radiologist, assisting in detecting abnormalities. It complements the 
second pair of eyes to a specialist, offering a double reading, improving sensitivity, particularly in dense 
breasts and high-volume mass screening. Computer-aided detection application extends to other modalities 
such as ultrasound or MRI.Computer-assisted diagnosis can go a step further to characterize the abnormality 
detected as benign or malignant. The BIRADS assessment data can be incorporated into the system, and AI 
can help stratifythe index of suspicion,taking the next best clinical decision. 

 
Radiomics is an expansion of CAD. It segments the tumor from its background and extracts features related 
to shape, size, texture, heterogeneity, which can classify the tumor and assist in precision medicine. 
Radiogenomics takes it further and associates imaging and molecular data. The precision of neural networks 
can be increased by incorporating data from previous imaging and or images of different modalities; thus, 
picking up the minute changes occurring in breast tissue before the tumor manifests. 
 
The current utility of Applications of Artificial intelligence in breast imaging 
 
Breast Cancer Detection: 
AI systems help the interpretation of various screening mammograms, where a large dataset is acquired, and 
high false positive and false negative rates affect its accuracy and catering to larger volumes of work. An 
algorithm could reduce workload by selecting cases needing double reading versus cases needing single 
reading only. In a multi-reader study from the Netherlands, investigators compared the cancer detection 
performance of radiologists interpreting screening mammograms with and withoutthe support of a DL-based 
AI system(1). The AI system provided radiologists with specific decision support tools, including traditional 
lesion markers, local cancer likelihood scores activated by clicking on specific areas, and a cancer likelihood 
score based on the entire examination. Each of 14 radiologists interpreted 240 digital 2D mammograms 
(enriched with 100 cancers), once with and once without the AI system. The AUC was higher with the AI 
system (0.886 versus 0.866, p=0.002), but this improvement was observed with less-experienced radiologists 
and not with expert radiologists. 
 
In a subsequent study with the same AI system, the investigators reported that the AI system's stand-alone 
performance was non-inferior to that of the radiologists’ (AUC of 0.84 versus 0.81)(2).The results suggest 
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that this AI system could serve as a stand-alone first or second reader.Researchers from Google Health and 
DeepMind Technologies reported an AI system's performance using screening mammograms from the 
United States and United Kingdom(3). Absolute reductions of 5.7% and 1.2% in false positives (the United 
States and the United Kingdom, respectively) and 9.4% and 2.7% in false negatives were demonstrated with 
the AI system. 
 
An external evaluation of three commercially available AI systems as independent mammography readers 
was performed(4). One of three systems was more accurate than first-reader radiologists in assessing 
screening mammograms. However, the highest number of cases positive for breast cancer was detected by 
combining the best algorithm with first-reader radiologists. 
 
Breast density assessment and risk stratification: 
ML techniques could assist in existing breast imaging practices by evaluating automatic density assessment, 
breast and tissue segmentation, identifying and removing image artifacts, and assessing mammographic 
texture that may play a role in predicting malignancy risk. Automated breast density methods can detect 
changes in density in response to tamoxifen and aromatase inhibitors. 
 
Risk Stratification: 
The integrated approach compares women with high and low breast density, resulting in a five-fold higher 
risk of breast cancer for those at the highest mean breast density. Combining epidemiological factors like 
CAD of microcalcifications and masses, use of hormone replacement therapy, family history of breast 
cancer, menopausal status, age, and body mass index to Breast Density assessment, increases predictive 
value for breast cancer risk. Mammographic texture features may predict breast cancer risk independent of 
breast density. 
 
Clinical Efficiency: 
In areader study with tomosynthesis, 24 radiologists interpreted 260 tomosynthesis examinations with and 
without an AI system(5). The AI system provided calibrated scores from 1 to 100 at the lesion and case levels 
to indicate the AI algorithm’s confidence that a lesion or case showed cancer. Radiologist’s performance for 
detecting cancers, measured by mean AUC, increased from 0.80 to 0.85 (p<0.01) using AI. Notably, reading 
time decreased by an average of more than 30 seconds (from 64 seconds without AI to 30 seconds with AI, 
p<0.01). 
 
Other studies in this domain have demonstrated DL models' potential to confidently identify mammograms 
as cancer-free and thus decrease radiologist workload(6, 7). While these methods could decrease the number 
of cases that require interpretation by a radiologist, it remains to be seen whether this workload reduction 
would lead to less overall time spent on image interpretation or whether the radiologist would then devote 
more time to mammograms of higher complexity. Rapid and reliable identification of an examination as 
negative might also be useful in underserved communities in which there is limited access to medical 
expertise. 
 
Existing breast cancer risk prediction models are calibrated to provide risk estimates at the population level, 
but accurate risk assessment at the individual level is needed to inform decisions about screening regimens 
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and prevention strategies. A recent study found that a DL model combining mammographic images and 
traditional risk factors has better risk discrimination than the conventional Tyrer-Cuzick model(8). 
 
ML can be applied to predict the risk of the upgrade of high-risk breast lesions to cancer at surgery(9). The 
use of this ML model could decrease unnecessary surgery by nearly one-third and could help guide clinical 
decision-making about surveillance versus surgical excision of high-risk lesions. 
 
Predicting Prognosis and Treatment Response: 
MR images have been used to predict breast cancer recurrence by analyzing tumor phenotypes -size, shape, 
margin morphology, enhancement texture, kinetic assessment, and significant associations were found 
between radiomics signatures and recurrence scores. 
 
Challenges and Future Directions: 

Few challenges are unique to mammography and digital breast tomosynthesis. A general convolutional 
neural network would not work well for mammography, as it must be trained to detect both masses and 
calcifications; AI algorithms must be consistent and reproducible over mammograms obtained by machines 
from different vendors; and, training datasets for tomosynthesis are smaller than those available for digital 
2D mammography. 
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Chapter 8: Artificial Intelligence in Population-Based Screening 
Dr. PurviHaria, Dr. Sonal Chauhan, Dr. Sweta Bothra 

 
Introduction 
Artificial intelligence (AI) mimics human cognitive functions and opened newer avenues, bringing a new 
shift to healthcare. There is a need for AI systems to be 'trained' to evaluate the data created from clinical 
activities, including screening, diagnosis, and treatment assignment. It qualifies them to understand similar 
groups of subjects and association between them with the worthful result. The AI applications include two 
categories, Machine Learning (ML) techniques and Deep Learning (DL) and Natural Language Processing 
(NLP) methods. ML scrutinizes structured data such as imaging & genetic, while DL and NLP methods pull 
out information from unstructured data such as clinical notes and medical journals to supplement and enrich 
structured medical data1. 
 
Applications 
The evolution of AI techniques has centered around screening for many diseases. Reliable prediction 
methods are critical to prevent the disease onset, enable early diagnosis, and help prevent further 
deterioration of patients' health status. 
 

A. Oncological Applications  
 
Breast Cancer Screening: 
Breast cancer care is a highly explored area for developing artificial intelligence (AI), which encompasses 
screening and diagnosis, prognostication, clinical decision-support, and management planning 2. Screening 
mammography aims to detect breast cancer at an earlier stage of the disease when treatment can be more 
successful 3. However, the overall costs are substantial due to the large number of participants for screening. 
There is increasing optimism for the use of artificial intelligence (AI) to reach human-level performance in 
detecting suspicious findings on mammograms.  
 
In a study published in Nature, McKinney et al. showed that AI systems could surpass human experts in 
breast cancer prediction 4. This study evaluated a large dataset from UK and USA. In the UK, two breast 
radiologists read screening mammograms, and in the USA, one breast radiologist read screening 
mammograms. AI-enabled CAD surpassed the UK's first readerregarding specificity; however, it did not 
surpass the UK's two reader systems benchmark. However, in the USA dataset, the AI system showed 
specificity and sensitivity superior to that of the radiologist. 
 
In a study by Kristina L et al., the researcher found that AI could identify normal mammography screening 
exams in a large screening population. It revealed that every fifth mammogram could be excluded from 
screen reading performed by radiologists without missing cancers, along with reducing the number of false 
positives 5. In a retrospective simulation study performed by Karin et al., a commercial AI detector could 
triage mammograms that require no radiologist assessment and reduce the radiologist's workload by more 
than half 6. 
However, a study by Thomas S et al. published in JAMA showed data to be not in complete agreement with 
the previous results. The study concluded that no single AI algorithm outperformed radiologists, and the 
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ensemble of AI algorithms combined with radiologist assessment in a single-reader screening environment 
improved overall accuracy 7. 
 

In conclusion, AI-enabled CAD has significant potential for use in breast cancer detection. However, 
presently it can be used as an adjunct to a radiologist. With the further evolution of algorithms, AI can change 
how screening mammograms will be read. In-country like ours, where there is a large population with a 
limited number of breast radiologists, this will benefit the large population. 
 
Lung Cancer Screening:  
According to recent data from global cancer statistics, female breast cancer is the most commonly diagnosed 
cancer (11.7%), followed by lung (11.4%), colorectal (10.0 %), prostate (7.3%), and stomach (5.6%) cancer. 
However, lung cancer is the leading cause of cancer death, with an estimated 1.8 million deaths (18%)8. 
 
There is significant evidence from multiple studies that, in high-risk individuals, low dose computed 
tomography (LDCT) with radiation exposure of 1.6 mSv, screening for lung cancer significantly reduced 
cancer mortality and all-cause mortality 9.With the development of Deep Convolutional Neural networks 
(CNN), multiple frameworks have been designed to evaluate nodules on LDCT10,11. In a recent article 
published, Diego A et al. studiedlocalization and risk categorization of lung nodules. There are two ways AI 
helps in screening for lung cancer. Nodule detection systems (CADe) and diagnostic support for pre-
identified nodules (CADx).  While CADe aims to detect small nodules, which are subsequently analyzed, 
and a clinician performs malignancy risk evaluation,CADx supports pre-identified nodules to improve 
specificity. The author built a three-dimensional (3D) CNN model for the whole-CT volume analyses using 
screening CT. A CNN region-of-interest (ROI) detection model was then trained to detect 3D cancer regions 
in the CT volume. Lastly, a CNN cancer risk-prediction model was developed, which operated on the other 
two models' outputs.  A two-part retrospective reader study was conducted with six US board-certified 
radiologists. Where prior computed tomography imaging was available, the model performance was on-par 
with the same radiologists12.While prior CT imaging was not available, AI outperformed all six radiologists 
with absolute reductions of 11% in false positives and 5% in false negatives. AI thus potentially creates an 
opportunity for optimization of the screening process via computer assistance and automation.  
 
Colorectal cancer: 
Artificial intelligence (AI) helps gastroenterologists improve colon polyp detection rates, characterization, 
and management13. Computer-aided detection (CAD) is used in CT colonography for the detection of colonic 
polyps. It shows good sensitivity for detecting polyps larger than 6 mm with an acceptable level of false-
positive results14. Convolutional neural networks (CNNs) need annotated datasets of considerable size, which 
are not currently available for CT colonography (CTC).  Once those data sets are available, the potential for 
AI use in CTC can be explored extensively15. Colorectal cancer is also one of the cancers requiring early 
detection, and significant inter and intra-observer variation exists in the pathological analysis of samples16.A 
recent study showed relatively good accuracy of e-pathology software for cancer detection in colorectal 
cancer. This is especially useful for the assessment of a larger number of pathological specimens. 17   
 
Prostate cancer: 
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Screening for prostate cancer with PAS leads to more unnecessary prostate biopsies and over-diagnosis of 
clinically insignificant cancer.  There is a need for more novel tools for prostatic cancer detection.  A study 
by Patrick S. et al. compared clinical assessment with a deep learning system to evaluate significant prostatic 
cancer(sPC). The result of the study showed similar performance between the two. However, this study had 
a small number of cases, a more extensive study evaluating the same needs to be performed 18. 
 
CNN and other AI algorithms are now reaching the specificity and sensitivity of human readers; some of 
them even outperforming. When studied and trained more extensively, these algorithms can provide the 
highest and more uniform cancer care worldwide. For population screening, machine learning algorithms 
can analyze diverse data types (e.g., demographic data, imaging data, laboratory findings,  and doctors' notes) 
and incorporate them into predictions for disease risk, diagnosis, prognosis, and appropriate treatments19. 
 
 

B. Non-oncological applications  
In neurology, large vessel occlusion (LVO) causing stroke requires emergent detection and treatment.  There 
is a variable time delay between large vessel occlusion detection and treatment, often due to human 
expertise's unavailability.  AI may improve the detection of LVO and helps in rapid triage and expedite 
treatment20.A deep learning tool can be applied for hemorrhage in a non-contrast CT scan of the brain 21 and 
has potential application in epilepsy, neuro-oncology, and Alzheimer's disease. 
 
In cardiology, AI helps in the segmentation of all four chambers of the heart, which helps in the disease's 
anatomical localization. DL methods combine the segmentation of LV from cardiac MRI (CMR) images to 
evaluate myocardial motion. DL methods are also explored for the evaluation of heart valves22.  
 
Diabetes management has changed in the last decade due to continuous glucose monitoring and insulin 
pumps. Dankwa-Mullan et al. studied the relevance of AI applications in persons with diabetes (PWDs). 
They concluded that it could transform diabetes care and help millions of PWDs to achieve better blood 
glucose control, reduce hypoglycemic episodes, and reduce diabetes comorbidities and complications23. 
 
Another dimension of developing technology for the mass population is the development of healthcare apps; 
this helps encourage healthier behaviors in individuals and better lifestyle choices. Some of these application 
helps in monitoring physical activity, dietary caloric consumption, water intake. Health monitoring tools, 
such as Fitbit and others, measure heart rate and send out notifications to healthcare providers. 
  
There are multiple advantages of machine learning, including flexibility and large-scale use compared with 
traditional biostatistical methods, potentially useful in risk stratification, diagnosis and classification, and 
survival predictions. Despite all these advantages, machine learning application in healthcare delivery also 
presents multiple challenges that include data pre-processing, model training, and refinement of the system 
concerning the actual clinical problem. Also important are ethical considerations, including medico-legal 
implications, doctors' understanding of machine learning tools, and data privacy and security 22. 
 
Conclusion 
AI can be a future tool for improving public health practice; however, many barriers and risks need to be 
considered. The experts have emphasized the need for further research and evaluative studies for the potential 
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of AI to improve disease surveillance and health promotion intervention. Ongoing research and collaboration 
are needed better to regulate AI and its implications on public health. AI will impact everything in society, 
including public health, and it is up to the public health community to embark on whether we will be ahead 
of or behind the curve24. 
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Chapter 9: Artificial Intelligence applications in Computed Tomography 
Dr. Aparna Katdare, Dr. Vasundhara Patil 

 
Artificial intelligence has taken giant strides in medical imaging and, notably, in computerized tomography 
(CT). Machine learning to deep learning has shown incremental promise in aided reporting and planning 
follow-ups in radiology. Additionally, it has shown promise in optimizing CT techniques; this includes 
optimizing patient image acquisition and processing techniques, improving image interpretation techniques 
made available for radiologists, and advances in data storage and data mining. This article gives a brief 
overview of AI applications, which have currently been successfully implemented or show initial promise. 
 

1. Optimizing radiation dose and contrast injection: Modern CT scanners use automatic exposure control (AEC) 
to modify tube currents as per patient body thickness, for which the patient must be centered at the system’s 
isocenter [1]. Recently, a system-integrated 3D infrared camera on the ceiling above the patient, with an AI 
algorithm trained on over 1000 patients, has been shown to automatically adjust the table height to achieve 
this optimum patient centering[2]. Other AI algorithms trained in identifying human anatomy help in 
effectively selecting scan range for desired anatomical coverage without over-correcting, optimizing scan 
timing, and adjusting contrast injection rates [1,3,4]. These techniques can ease the technologists’ workload, 
improving the overall quality of examinations [5]. 
 

2. Reducing image noise: In recent studies, a convolutional neural network (CNN) based algorithm using two 
image sets, one acquired at clinical radiation dose levels and one at simulated low-dose radiation level (25% 
lesser dose with validated noise insertion techniques), was used to identify image noise effectively and could 
substantially reduce it without affecting spatial resolution, hence potentially opening up possibilities of dose 
reduction while acquiring CT images [6][7][8][9].  This technique, however, lacks generalized applicability 
across different scanners, hence limiting its scope for now [1]. Also, subtle signals can be lost in the bargain, 
hence limiting its application in clinical practice at present [10]. 
 

3. Image reconstruction: An important extended application of deep learning algorithms (DLRs) in noise 
reduction and improved contrast-to-noise ratio (CNR) in low doses is in CT image reconstruction; this has 
shown superior performance to hybrid IR (iterative reconstruction) and model-based IR models in many 
studies[11-14]. However, there is no conclusive evidence yet that it translates to improved diagnostic 
accuracy [15]. Further research with bigger sample sizes would be needed to understand the performance 
and clinical relevance of DLRs in clinical practice. 
 

4. Radiomics in CT: Radiomics deals with extracting unique features of different pathologies from an extensive 
database of radiological images by training machine learning models. Based on these features, valuable data 
regarding intensity, texture, shape can be obtained. This can help distinguish benign from malignant lesions 
as well as prediction of treatment response and genetic assessment in cancer subtypes; radiomics thus shows 
promise in paving the way for personalized treatment planning not just in cancer but also in other fields such 
as cardiovascular CT [16-18]. 
 

5. AI-aided workflow for radiologists:  AI can positively impact the reporting workflow for the radiologist in 
all modalities, including CT. The numerous ways in which it can impact radiologists’ efficiency and time 
management include identifying scans with critical findings for priority reporting, identifying negative 
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studies in high-population screening scenarios, integrating electronic medical records in studies, and 
scheduling future or repeat studies. Further, AI can help in peer reviews for radiologists, monitor 
technologists, and aid resident training [5, 19]. 

 
 
 

 Conclusion: 
 
Initial studies show promise in using AI techniques in improving CT techniques and improving the overall 
efficiency of CT workflow for radiologists. However, the feasibility of generalization of the applications is 
the biggest challenge, and the clinical relevance of these results for improving diagnostic accuracy is the 
most pertinent question that will direct the future application of these techniques. 
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Chapter 10: Advances in Magnetic Resonance Imaging: This decade and beyond 

Dr.Kajari Bhattacharya, Dr.AsawariLautre 
 
The year 2020 was a memorable milestone for everyone and everything which slowed this fast-pacing world. 
However, the research in medicine continued to witness growth not just with the advent of the COVID-19 
vaccine but also in the sector of machine learning and artificial intelligence.We have already seen an age of 
development of more miniature, more portable, and adaptable devices. It is intriguing about the type of 
diagnostic information expected in the future, giventhe importance of a disease's physiological behavior and 
not just its anatomical component. Now is the time of higher spatial and temporal resolution in imaging, 
allowing quantitative and qualitative assessment of various organ systems, including macroscopic structure, 
microstructure organization, functional connectivity, perfusion, and metabolic factors. 
 
MR imaging has been a rapidly developing industry because of its high tissue contrast resolution and 
superiority over other imaging modalities for disease characterization and diagnosis. Evolution in various 
techniques and magnetic field strengths to make the modality more informative and contributory to clinical 
management and research is a matter of great interest for radiologists and diagnosticians worldwide. MRI 
acquisition and data processing has been further advanced by computational analysis and artificial 
intelligence-based reconstruction algorithms (Fig 1).  
 

 
 

Figure:1. Multifaceted advances in MR imaging. PET – Positron Emission Tomography, DWI- Diffusion-
Weighted Imaging, EMR- Electronic medical records. (Image courtesy: Harsanghianiet al., Advances in 

clinical MRI technology, Science Translational Medicine, Dec 2019) 
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Hardware 
Improvement in hardware has resulted in faster imaging with improved contrast and spatial resolution. The 
flexible blanket and phased array coils have replaced bulky coils,increasing patient comfort and throughput, 
reducing motion artefacts, and enabling high-quality musculoskeletal and cardiac imaging. Imaging 
techniques like undersampling of K-space (partial Fourier reconstruction and parallel imaging), compressed 
sensing, and non-Cartesian sampling with continually improving reconstruction algorithms have made this 
possible.The field strengths have increased from 0.2T,and 10T is inresearch for clinical application. The 7T 
MRI deserves a special mention as this is tangible soon.  
 
7T MRI 
7T is the future of MRI as we know of now, with the higher field strength providing immense possibilities 
to enhance image spatial, spectral, and contrast resolution(1).  
In October 2017, the USFDA cleared the first 7T MRI system, more than doubling the static magnetic field 
strength available for use, providing superior CNR, SNR, and temporal resolution. The first approved 
indications for the system are the system's neurological and musculoskeletal(2), and its application includes 
multiple sclerosis, cerebrovascular diseases, degenerative brain diseases, brain tumors, epilepsy, and 
musculoskeletal disorders(3). 
Despite these advantages, the clinical application of 7T has concerns of safety due to higher field strength 
requiring better caging of the equipment, heating, and noise-related issues, gradient switching leading to 
neural stimulation, and other bioeffects,e.g., on the endolymphatic sac, and safety of MR conditional 
prostheses in such high fields(1). Guidelines are now in place for clinical implementation of 7T on a larger 
scale, and we hope to see more ultrahigh field imaging soon.  
 
PET/MRI: 
This innovative technology provides simultaneous anatomic and molecular information, which is especially 
helpful in oncological and neurological imaging. It is a hybrid technique that uses MRI for tissue 
characterization and PET components for quantifiable functional and molecular information (Fig 2). The 
added advantage over PET/CT is better lesion detection in organs like the brain, liver, bones, lack of CT 
radiation exposure, and extended capabilities such as DWI, MR perfusion, and spectroscopy.  
To further approve this hybrid imaging technology, PET/MR must explore composite biomarkers, such as 
combining SUV and ADC. Such biomarker panels may help us better understand cancer biology and improve 
monitoring or prediction of treatment response. One preliminary study postulated that a higher SUV to ADC 
ratio indicates a more aggressive tumor(4). Future is ready for this powerful "one-stop-shop" combination, 
especially in the field of oncology. 
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Figure: 2. PET-MIP images with fused whole-body 18F-FDG PET/MRI image (A), coronal T1 in Post-
chemotherapy male patient with multiple myeloma, showing hypermetabolic left supraclavicular lymph 

node (B) and residual metabolic activity in the right iliac crest (red arrows).(Image courtesy: PET/MRI: a 
novel hybrid imaging technique. Major clinical indications and preliminary experience in Brazil, Vitor et 

al., 2017) 
 
MR spectroscopy and CEST imaging 
 
Magnetic resonance spectroscopy (MRS) is a technique to measure the distribution of various metabolites in 
tissues of interest to aid in clinical diagnosis as these metabolites vary in health and disease. The use of MRS 
as an adjunct to MR imaging is in neurologic diseases, including brain neoplasms, demyelinating disorders, 
infective focal lesionsand, inherited metabolic disorders. Nevertheless, the spectrum is likely to include 
neurodegenerative diseases and epilepsy(5) and breast and prostate cancer imaging. 
 
Proton MRS is the most commonly and routinely applied technique that has found widespread use in 
neurological imaging, especially tumors and metabolic disorders. However, sodium and phosphorus MRS 
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has also been a part of the research for a long. Sodium is the second most common magnetic resonance active 
molecule, and hence sodium MRS is particularly useful asa biomarker for cell wall disintegration ischemia, 
cancer, excessive tissue activation, or tissue damage(6). Similarly, Phosphorus MRS non-invasively 
providesvital information regarding energy metabolism to detect high-energy metabolites and membrane 
phospholipids in vivo. It has proven utility in studying disease conditions in brain tissue and skeletal muscle 
since these disorders are due to imbalances in bioenergetics processes(7). However, due to difficulty in these 
techniques' clinical applications, they have not yet been incorporated in clinical imaging. Hyperpolarised 13C 
spectroscopyusing labeled metabolic substrates has shown diagnostic assurance in patients with numerous 
emerging applications in diabetes, oncology, and heart disease, as well as metabolic diseases of the liver and 
kidney(8). 
 
Chemical exchange saturation transfer (CEST) imaging is a novel MRI technique that helps us detect various 
chemical compounds in a tissue very low in concentrations to generate tissue contrast on MR imaging and 
too low to be detected on routine MR spectroscopy(9). As the name suggests, it usesmagnetization transfer 
from the desired compound to water molecules. The saturation effect (signal reduction) initially targeted on 
the chemical compound can be applied to water instead, allowing the desired chemical compound to be 
visible. So, the 1H atom in the chemical compound will transfer the saturation effect to the 1H of water 
molecules via the chemical exchange of excited metabolite protons with non-excited water protons. CEST 
imaging's clinical relevance includes imaging of those chemical species found in the human body or those 
injected from outside and then detected on imaging. Known endogenous diaCEST agents that are typically 
involved with exchangeable groups are –NH, –NH2, and –OH, so some propose a convention to name the 
type of imaging by the CEST agent involved, and hence with each of the functional groups mentioned above, 
CEST imaging would be named as amide CEST, amine CEST, and hydroxyl CEST respectively. If there is 
an invention of novel chemically developed exogenous agents, the imaging spectrum would be broader. 
 
 
Advanced applications of diffusion-based imaging techniques:  
 
These are diffusion-based imaging based on the water molecules' Brownian motion, as water molecules to 
estimate the axonal (white matter) organization of the brain. Diffusion restriction is vital in diagnosing 
various pathologies, including high-grade tumors, acute infarcts, and abscesses.  
 
Diffusion Tensor Imaging: Diffusion tensor imaging measures the anisotropic diffusion of water molecules 
along fixed tracts and is essential in characterizing the white matter tracts' microstructural integrity, which is 
altered in various pathologies(10). The direction of anisotropic diffusivity of water molecules producescolor-
codedfiber tractography images for various commissural fibers, association fibers, and projection fibers. This 
technique is also vital to delineate vital tracts preoperatively to avoid accidental injury. DTI is already a 
widely used technique for imaging in trauma, tumors, and degenerative diseases of the brain.  
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Figure 3: MRI and Diffusion Tensor Imaging (DTI) in a case of sphenoid meningioma. (A) and (B) MRI 
and DTI before surgery and (C) and (D), the MRI and DTI after the surgery. Images demonstrate marked 
improvements in anatomical as well as in tensor strength. (Image courtesy: Hooiet al., Pre-operative and 
Postoperative Diffusion Tensor Imaging in Patients with Extra-Axial Lesions at the Frontal or Temporal 
Regions of the Brain and Their Correlations with Neuropsychological Outcomes, Journal of Biomedical 

Science and Engineering, January 2016) 
 
 
 

 
Diffusion Kurtosis Imaging (DKI)and Intra-Voxel Incoherent Motion (IVIM): 

IVIM refers to the microscopic movement of water molecules due to diffusion and capillary perfusion, 
measurable at lower b values of less than or equal to 300mm2/s. DKI measures the non-Gaussian movement 
of tissue water molecules that are more restricted than in pure liquids and is obtained with b- values more 
than equal to 1500mm2/s. These emerging techniques will find excellent application in tumor imaging.  
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Figure 4: Graphical representation of deviation of DWI signal at higher and lower 'b' values: At low b-
values, IVIM effects due to microscopic perfusion must be considered (red), while at high b-values, 

kurtosis effects must be considered (green).[Image courtesy: Questions and Answers in MRI (Webpage)] 
 
 
 
Neurite Orientation Dispersion and Density Imaging (NODDI): NODDI assumes a three-compartment 
biophysical tissue model including intracellular, extracellular, and cerebrospinal fluids in a single voxel, 
which enables the inference and quantification of the direction and structure of neurites (axons and dendrites) 
by the orientation-dispersed cylinder model and the Watson distribution.  
Representative NODDI parameters include the intracellular volume fraction (Vic), indicating neurite density, 
and the orientation dispersion index indicating the neurite OD. This diffusion MR technique intends to 
overcome the Gaussian distribution model's constraints assumed in DTI and the nonspecific changes in DTI 
and DKI parameters(11). 
 
 
MR elastography: 

Elasticity imaging has received considerable attention due to its intuitive source of mechanical contrast 
paralleling palpation information and the significant diagnostic potential that this information can provide. 
It is a novel MRI technique used to measure the tissuemechanical properties by using mechanical propagation 
of waves, widely used for liver imaging, to qualitatively and quantitatively assess fibrosis/cirrhosis in the 
liver. A special MR compatible hardware called a pneumatic, mechanical wave driver must be attached to 
the patient to generate shear waves propagated through the tissue of interest. 
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The added advantage in MR elastography over ultrasound is that larger liver areas can be assessed, thus 
reducing the sampling bias. It is the best non-invasive technique available to assess liver stiffness. Other than 
liver, elastography has been performed for breast lesions, musculoskeletal and brain imaging as well. 
 
Magnetic resonance acoustic radiation force impulse (ARFI) imaging: Essentially, ARFI imaging exploits 
similar tissue properties as MR elastography. However, it usesa focussed ultrasound beam driven by a 
multichannel amplifier system and measures the steady-state displacement at the end of a relatively long 
ultrasound pulse. The quasistatic displacement is measured using a one-dimensional version of an MR 
Elastography technique. 
 
Ultrafast MRI imaging protocol for brain: 
 
Long scan acquisition time is a significant drawback of MR imaging, especially for neurological imaging in 
pediatric and geriatric patients and trauma or claustrophobic patients. One-minute ultrafast MR includes T1-
weighted image, T2-weighted image, echo-planar fluid-attenuated inversion recovery, diffusion-weighted 
image, and T2*weighted sequences used mainly for pediatric stroke patients. A study by Ji Young-Haet al. 
showed that though the image quality by the Ultrafast protocol is inferior to that of routine MR imaging, the 
diagnostic ability remains the same with the advantage of reduced scan time and requirement of sedation in 
patients with the absence of ionizing radiation hazard(12). It has been a better alternative to CT scan imaging 
for non-traumatic neurological symptoms, as observed by Kazmierczaket al., and directly impacted patient 
management(13). Unlike CT scan, Ultrafast MR differentiated acute ischemia, white matter lesions, edema, 
microbleeds, and chronic infarction apart from hemorrhagic stroke. 
 
Synthetic MRI: 
 
Synthetic MRI generates contrast-weighted images based on measurements of tissue properties from a single 
acquisition. Using dedicated Synthetic MRI software enables the reconstruction of multiple sequences from 
one scan and reduces the scanning time. The radiologist can create any contrast-weighted image by 
maneuvering the acquisition parameters, including repetition time, echo time, and inversion time. A 3D 
single acquisition scan creates a set of T1, T2, FLAIR, PD, and STIR. Furthermore, automatic brain tissue 
segmentation, volumetry, and myelin measurement can also be performed(14). Thisapproach's advantages 
are a shorter scan time, an objective examination, and personalized MR imaging parameters obtained in daily 
clinical imaging. This imaging limitation is that it is only applicable for creating structural sequences 
mentioned above and not yet acquiring DWI sequences. 
 
Intraoperative MRI: 
 
The imaging guidance provided by intraoperative MRI is near-real-time and, unlike other navigation devices, 
is more accurate in intraoperative settings(15, 16). In their study on intraoperative MRI,Black et al.used this for 
stereotactic biopsy of intracranial lesions,cervical spine surgeries,craniotomy for excision of intracranial 
space-occupying lesions, drainage of the intracranial cyst,arteriovenous malformation excision, and tumor 
ablation(17). 
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Figure 5: Intraoperative post-contrast T1 weighted MRI reveals enhancing lesion in pre-operative MRI 
with no enhancing lesion seen in postoperative MRI.(Image courtesy: Lewin et al., Intraoperative MRI 
with a Rotating, Tiltable Surgical Table: A Time–Use Study and Clinical Results in 122 Patients, AJR, 

2007) 
 
 
Quantitative susceptibility mapping (QSM) imaging: 
 
QSM further advancesthe susceptibility-weighted imaging (SWI) technique that requires sophisticated post-
processing to provide quantitative maps of tissue susceptibility. Both QSM and SWI are MR techniques that 
measure and display differences in the magnetization induced in tissues when placed in the strong external 
magnetic field of an MRI system, and the image contrastis because of this intrinsic tissue magnetic 
susceptibility (T2* effect). With deconvolution, QSM excludes blooming artifacts and provides the 
quantitative distribution of susceptibility sources in tissue. QSM accurately maps strong isotropic 
susceptibility sources in human tissue – predominantly biometals that are highly paramagnetic (mainly iron 
in ferritin or deoxygenated heme) or present in high concentrations (main calcium in mineralization or 
calcification).The clinical application of QSM imaging much wider than routine GRE/SWI 
sequences.Quantification of iron in neurons, iron in hepatocytes, iron in macrophages/microglia/Kupffer 
cells, iron in red blood cells, calcification in bone and apoptotic cells, and biometal contrast agents are a few 
of the areas that can be studied.  
For example, brain iron overload is a cause andor compounding factor of various neurodegenerative diseases, 
including Alzheimer's disease, Parkinson's disease, Huntington's disease, Friedreich's ataxia, and 
amyotrophic lateral sclerosis(18). As examples of applications related to iron in neurons, QSM provides an 
excellent definition of the subthalamic nuclei to accurately guide deep brain stimulation in patients who have 
Parkinson's disease. 
 
Functional MRI (fMRI): 
 
Functional MRI is a real-time MR imaging segment used to visualize the brain's cortical activity as the patient 
performs various motor/cognitive tasks inside the magnet during simultaneous image acquisition. Because 
of this, neural up-regulation in the brain while performing given task results in a build-up of deoxygenated 
hemoglobin [Hb] -highly paramagnetic and a decrease in oxygenated hemoglobin [HbO2]-diamagnetic. 
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Blood oxygen level-dependent (BOLD) imaging exploits this property of neural activity to create contrast 
between resting and active brain tissue by utilizing primarily GRE methods because of the increased T2* 
contrast(19). Pre-operative identifies the vital areas by task-based fMRI(20) while the brainresting phase acts 
as a control for comparing the results. For years,fMRI’s clinical uses involve presurgical planning, 
fundamental cognitive neuroscience investigations, behavior modification, and training(21). 
 
 

 
 

Figure 6: Superimposition of functional (task-based activation) on anatomic images. (Image courtesy: 
Gore, Principles, and practice of functional MRI of the human brain, Journal of Clinical Investigation, 

2003) 
 

 
The next decade of clinical MRI: 
 
The most pressing clinical needs for the future are optimizing image quality and content, automating 
analyses, perfecting fusion imaging, enabling whole-body imaging, and shortening the MRI acquisition 
times. Deep learning (DL) algorithms will be of utmost importance in image acquisition (sub-Nyquist 
sampling strategies), reconstruction (AUTOMAP), and automated image post-processing. Better seamless 
integration of imaging results (including structured reporting) into electronic medical records will emerge 
when different imaging technologies and platforms are optimized to interact with and learn from each other. 
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Apart from the progress made in decreasing scan time and optimizing image acquisition, there is considerable 
scopeto improvepatient's experience in the MRI suite. Presently, functional and cardiovascular MR require 
long scan times (sometimes up to or more than an hour), leading to patient discomfort and motion artefacts.  
Although there areretrospective motion correction algorithms, adaptive dynamic imaging, like prospective 
motion correct, which is currently in development,would expand cardiovascular and functional MRI 
applications.  
 
MRI biobanking programs by global initiativesseek to acquire multiorgan imaging from large cohorts of 
patients. Such biobank efforts also include metabolic, proteomic and, genomicoutcomes and other patient 
data often collected at multiple time points. These large repositories, like the UK Biobank and The Cancer 
Imaging Archive, OpenNeuro, will help to advance education, research, and training. Although many of 
these programs are in their initial stage, they provide an exciting opportunity in population-based health care 
to improve understanding of disease mechanisms using MRI. The wealth of information acquired by 
biobanks presents its challenges and will likely require automated data collection techniques and storage(22). 
 
 
 
Conclusion:  

From the accidental advent of X-rays to image larger body parts to imaging of cellular microstructure and 
its physiology in current times, we have to acknowledge the progress we made but still have a long way to 
go. Critical to meaningful translation into clinical use is reproducible and comparative effectiveness and 
outcome research to gain uncriticised acceptance in modern and economically restrained healthcare systems 
like ours. 
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Chapter 11: Imaging Informatics and Image Processing 

    Dr. Amit Choudhari, Dr. Nivedita Chakraborty, Dr. Jay Thakkar 

 
Imaging informatics: 
Radiology Informatics or Medical Imaging Informatics is a subspecialty of biomedical informatics that aims 
to improve the accuracy, efficiency, reliability, and usability of medical imaging services within the 
healthcare enterprise by extracting, enhancing, and exchanging information the medical images.Imaging 
informatics exists at the intersection of clinical radiology, data science, and information technology to 
provide optimal healthcare services [1]. 
 
The essentialcomponents of Radiology Informatics are the following. 

I. Image-enabled EMR 
II. PACS and its components 

III. Image post-processing and enhancement 
IV. Radiology Information System (RIS) 
V. Speech recognition 

VI. Teleradiology 
VII. Radiomics 

 
I. Image-enabled Electronic Medical Record (EMR): 

EMR includes everything from the registration details of the patient to clinical findings, investigations, and 
treatments. Clinical photographs and other images (for example, an ECG) can be incorporated into the EMR 
using informatics tools. 
 

II. Picture Archiving and Communication System (PACS):  
PACS is an imaging technology that provides economical storage and instant access to images from multiple 
modalities. It is an amalgamation of hardware and software systems used to obtain, store and retrieve medical 
images using the Digital Imaging and Communications in Medicine (DICOM) standard. [2] PACS is 
integrated with the radiology information system (RIS) and hospital information system (HIS) to transmit 
images and reports digitally, eliminating the need to retrieve or transport film folders manually. [3,4] DICOM 
handles imaging data, whereas HL7 handles non-imaging data. Integrating the Healthcare Enterprise (IHE) 
integrates radiology workflow within a healthcare setup using DICOM and HL7. [5] 
 
The following are the components of PACS [2]and illustrated in figure 2. 
1. Image acquisition devices 
2. Communication networks 
3. PACS archive and server 
4. Workstations  
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Fig. 1shows components and workflow of PACS 
 

1. Image acquisition devices 
These comprise imaging modalities and acquisition gateway computers. Imaging modalities include 
magnetic resonance imaging (MRI), computed tomography (CT), PET, X-ray, and ultrasonography (USG), 
to name a few. These modalities interface with the PACS server through acquisition gateway computers. 
After obtaining images from the imaging modalities, the acquisition gateway computers convert these images 
into PACS standard format known as DICOM, besides it also performs some preprocessing functions like 
resizing, background removal, and orientation calibration [2]. There are following two ways of acquiring 
images: [2] 

a. Digitization of films: Films are converted into digital images using film/image digitizers such as laser 
scanners or charge-coupled devices (CCD) 

b. Direct digital images: Used in many present-day X-ray devices that acquire direct digital images without 
conversion 
 

2. Communication networks 
There are three main types of network to transfer radiology data to the desired location: [3] 

a. Local area network (LAN) within the radiology department to link imaging modalities, archive and data 
storage, and the workstations. 

b. LAN network within the same hospital to link different departments.  
c. Tele-radiology network to transfer radiology data to remote locations outside the hospital. 

 
3. PACS archive and server 

The PACS server receives data from the acquisition gateway computers and HIS/RIS, and it has two 
components: storage media (database) and archive system. The archive system of PACS can be short-term 
or long-term [3]. The following are the examples of storage media used in archiving: [2] 
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a. Redundant array of inexpensive disks (RAID) for immediate access of current images 
b. Magnetic plates for fast recovery of reserved images 
c. Erasable magneto-optical plates 
d. Read-only memory (ROM) in the optical plate library 
e. DVD-ROM 
f. Advanced straight tapes 

 
 

4. Workstations 
A display workstation is the PACS hardware component that enables the radiologist to view and 
process/manipulate images as desired for diagnosis. 
 

III. Image post-processing:  
Post-processing tailors the input image to produce an output image that suits the needs of the physicians. 
A few standard image post-processing operations include image reformatting, maximum intensity 
projection (MIP), minimum intensity projection (minIP), windowing, shaded surface display, volume 
rendering, multiplanar reconstructions, grayscale processing, temporal frame averaging, edge 
enhancement, and pixel shifting [6,7]. 

There are various types of digital image post-processing, of which the following are the relevant ones: 
1. Image analysis: Allows image segmentation, feature extraction, and classification of objects used for 3D 

medical imaging. [6] 
2. Image synthesis: Includes image reconstruction and 3D visualization techniques. [6] 
3. Image enhancement: Contrast and edge enhancement, spatial and frequency filtering, image combining, 

and noise reduction. [6] 
4. Image compression: Decreases the storage space. 

 
IV. Radiology Information System (RIS): 

RIS serves as the primary interface tool between the reporting radiologist and the PACS. Patient scheduling 
and requisition generation, database search, and workflow management can be done efficiently with a 
central RIS. Usually, customization of RIS is according to institutional needs. 
 

V. Speech recognition: 

A physician can enter the patient's data into the electronic medical record (EMR) system with a speech 
recognition tool. A radiologist can generate a formal report of the study faster than the conventional 
methods by simultaneously viewing the scan and dictating the report converted into a document file on a 
computer.[8] 
 

VI. Teleradiology: 
Teleradiology is the transmission of radiological images from one location to another using 
telecommunication systems.[9] Increasing demand for radiological investigations, consistent shortage of 
radiologists, and after-hours coverage for urgent radiologic studies have all been the necessary reasons 
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behind teleradiology development. The teleradiology network consists of three main ports (Fig 2) 
interconnected by a high-speed data transfer platform for efficient high-volume data transfer. 

1. The radiological investigation requesting hospital 
2. The teleradiology service center 
3. A remotely located radiologist with a dedicated workstation 

 
 

 
 

Advantages: 
• The flexibility of working hours and working geographic location for radiologists leads to improved 

radiologists' quality of life. 
• Less turnaround time for urgent/emergent scans and hence, improved patient care. 
• A subspecialty expert radiologist located remotely can provide a second opinion. 

Disadvantages: 
• Studies consisting of a very high volume of data (e.g., PET/CT) take a much longer time for the image 

transfer process. 
• Network dependency 
• Requires high-volume storage servers and advanced PACS 
•  

Limitations: 
• Technical limitations involving the high-speed connection and dedicated workstation 
• A real-time assessment (e.g., ultrasonography) cannot be done 

 
VII. Radiomics: 

Radiomics entails converting images to higher dimensional data and their subsequent extraction for 
improved decision support. [10] The extraction of imaging features from the volumes of interest forms the 
basis in radiomics (Fig. 1). At present, radiomics is still in the research phase and is applied only to solid 
tumors. The characteristics of radiomics are: 
 

1. Applied on standardized images 

•Image aquired here and 
transmitted using high 

speed network
•Receives ready reports 

from the teleradiology 
centre

Requesting hospital

•Distributes the scans 
among remotely located 

radiologists
•Transfers reports from the 

radiologists to the 
requesting hospital

Teleradiology 
service centre 

•Radiologist reports the 
requested scan on a 

dedicated workstation

Radiologist located 
at distant point

Fig. 2 working algorithm for Teleradiology 
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2. Evaluates the entire tumor 
3. Able to interrogate stroma 
4. Permits longitudinal monitoring 

 

 
 
 

Fig.1: A basic working algorithm for radiomics. It involves the extraction of features like tumor 
intensity, shape, texture, and wavelet from an index image. These radiomics features combined with 
clinical and genetic information provide decision support. (Image courtesy: Dr. Mohammed Sultan, 

Radiopaedia.org, rID: 65398). 
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Artificial Intelligence (AI) in image processing: 
 

 
 
 

A. Image analysis: 
Machine learning can perform the following image analysis tasks [11]. 

a) Classification: Here, images are assigned into categories. There are two types of classification algorithms: 
seminary or multiclass, depending on the classification of images into two or more than two categories. 

b) Regression: In this algorithm, numbers are assigned to an image, for example, bone age from a hand 
radiograph. 

c) Localization: This algorithm deals with the location of a particular object in an image. 
d) Segmentation: This algorithm classifies each pixel or voxel in an image as part of or not part of a particular 

object, like measurement of left ventricular volume on cardiac MRI images. 
 

B. Machine learning: 
Machine learning entails learning a problem to solve a task based on the inputs. [12] It can be supervised or 
unsupervised learning.[11] 

a) Supervised learning: It is the most common form of machine learning. A machine learning algorithm is fed 
with images and correct diagnosis labels,enablingcorrecting the algorithm at each iteration. 

b) Unsupervised learning: In this, a machine learning algorithm is fed with unlabeled images, and it learns to 
group the images on its own based on similarities and differences. 
 

C. Deep learning: 

Interpretation and understanding

Performance evaluation

Model training

Machine Learning or Deep learning

Image analysis
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It is automated learning for performing various tedious tasks like lesion detection, segmentation, 
classification, monitoring, and the prediction of treatment response using simpler hierarchized structures 
defined from a set of specific features [13]. Convolutional neural networks (CNN) are currently the most 
common form of deep learning and comprises a convolutional layer, a pooling layer, and a fully connected 
layer [12,13]. Various types of tasks are as follows [14]: 

a) Image preprocessing: It refers to techniques applied either on raw signals or reconstructed images. 
b) Detection: It refers to highlighting specific regions in an image likely to contain a focal lesion. 
c) Segmentation: It refers to delineation or volume extraction of a lesion or organ based on image analysis (e.g., 

pixel intensity, texture, edges). E.g., brain tumor dimensions or determination of future liver remnant volume 
in case of liver tumors. 

d) Classification: It refers to the categorization of a lesion into a specific group or type, for example, benign or 
malignant or; primary or metastatic. 

e) Monitoring: It refers to a specific lesion's follow-up over time to assess changes in appearance and 
dimensions. 

f) Prediction: It refers to utilizing specific features to anticipate the evolution of pathology. E.g., prediction of 
response to chemotherapy, the prognosis of the recurrence-free disease in treated patients, or overall survival. 
 

D. Model training: 
Training machine learning algorithms require proper hardware and software along with optimization of 
hyperparameters.[11] Hyperparameters are adjustable parameters tuned or gradually altered by an automatic 
iterative process to improve output accuracy. [11] Examples of hyperparameters include learning rate, 
regularization of variables, and the number of total iterations.[11] 

 
E. Performance evaluation: 

Testing an AI algorithm's performance is the most critical step in assessing technical feasibility and clinical 
usability. Classification is the most frequent task, and its algorithm is tested by measures like F1 score, 
Youden J index, and ROC AUC.[11] 
 

F. Interpretation and understanding: 
After quantifying the given object's volume and function, the statistical variation of shape and motion across 
large numbers of cases can be ascertained by studying patient cohorts.[12] Information on biophysical 
parameters of tissues and organs can also be extracted from medical imaging data.[12] 
 
Conclusion: 
The incorporation of AI into imaging informatics and image processing has revolutionized the field of 
radiology and opened new doors for research. 
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Chapter 12: Image sharing and cybersecurity in AI 
Dr. Amrita Guha, Dr. Shubhankar Deshpande 

 
Artificial Intelligence (AI) and Blockchain (BC) based technologies are essential tools for research today. 
Artificial intelligence is now capable of processing many data.  Secure and decentralized access for data is 
provided by blockchain[1]. Blockchain is a distributed digital ledger mechanism that enables verification of 
records by many independent parties instead of a single centralized authority. This makes it virtually 
impossible to tamper with the data. Blockchain is also the primary technology used for the cryptocurrency 
Bitcoin, invented in 2008. It helps promote patient-centered healthcare by providing greater control to the 
patients over their medical data. Besides, Blockchain has been utilized in the healthcare system for 
administrative tasks like claims adjudication and billing management. It has the potential to be used for 
enhancing software that supports research and clinical trials. It complements artificial intelligence (AI), and 
these can work synergistically to improve patient care. 
 
Artificial intelligence also can impact cybersecurity in multiple ways.  For example, AI analyses the behavior 
and working methods of all its users. Should any malware be added to the system, AI can pick up the change 
and report it. Likewise, AI can recognize the pattern of attackers and their infiltration methods, so it becomes 
easy to distinguish when and how any vulnerability would make its way to the network or system.The 
abnormalities could be anything like the unusual use of the internet, change in typing speed, orincreased 
background activities. AI can also detect the most common phishing sources and report them to the system 
to prepare a defense against them. 
 
Deep learning has proven to be extremely worthy in various fields of medicine, such as analysis of magnetic 
resonance imaging (MRI) of the brain [2] and histopathology segmentation of tissue [3]. AI has already proven 
its worth in other fields like face recognition-based on clinical records of diseases obtained from multiple 
institutes across the globe, a trained or visual search[4,5]. Frameworks based on deep learning enable detecting 
detection models of many medical disorders at an early stage. Blockchain technology aids in gathering data 
over a decentralized network to train a significant number of good-quality images. A model can also be 
created to help achieve better performance for the early treatment of malignancies and other diseases.  
 
Advantages of Combining AI and Blockchain: 
Many studies have involved health care data that adopted Blockchain and artificial intelligence for securing 
data and training the deep learning models automatically. For example, Tanwar et al. [7] combined both across 
their organization toexchange information. The Blockchain is unique in providing data that is resistant to 
tampering because of the following features: 
 

1. Provenance: The complete data is available on the network 
2. Consensus: If all the verified users in the network agree to the condition of the transaction, are the 

transactions updated 
3. Distributed ledger: All transactions are appended in a distributed system on the network, which provides 

system recovery by a single point of failure or centralized entity 
4. Immutability: All records on the network cannot be tampered with; thus, all information is secure and trusted 
5. Finality: Once a transaction is committed on a blockchain, modification is not possible. 
6. Smart contract 
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Smart Contract:  
The smart contract secures data exchange and allows the automatic uploading of images related to healthcare. 
It also provides exchange and security to exchange data among various institutes.  Parameters are formulated 
based on terms and conditions associated with the agreements for data sharing[8]. A smart contract is used to 
exchange image data among hospitals. 
 
The IPFS stores all local model weights with hashes (reference id) in the blockchain database. All authorized 
and registered medical institutes share the locally trained deep learning model weights through the smart 
contract. This smart contract provides access for sharing the model on the blockchain network. It also 
provides the reliability of the Blockchain across various geographically distributed nodes[9]. 
 

Only a registered organization has access to the data or shared weights even though the blockchain network 
is fully distributed over multiple parties' data collection environments. A smart contract aims to reduce the 
cost as well as provision a secure method for sharing images. The smart contract is available across the 
network for interaction amongst all users publicly. Smart contracts' most essential features are that the 
information is always operational, transparent, and not mutable. 
 
Lastly, blockchain implementation for image sharing cannot replace platforms like DICOM Web. 
Blockchain will probably supplement these standard platforms for safe image sharing because radiological 
images are not stored within the Blockchain itself. DICOM web URLs are stored,allowing patients to control 
access to their data [10]. Such implementations allow for patient-centered ownership of their medical records 
[11]. They canpermit healthcare providers to view such images, enabling physicians outside their current 
healthcare system access to these images and seeking a second opinion. Because the data is stored in a 
blockchain, patients can be assured that the original data is immutable and not alterable, thus reducing 
malpractice incidence. 
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Chapter 13: Ethics in Artificial Intelligence 

Authors: Palak Popat, Shubhankar Deshpande, Jay Thakkar, Abhishek Mahajan  
 
Introduction 
In radiology, AI should be dependable, free of bias, and transparent to ensure that the benefits and drawbacks 
are distributed equally amongst the stakeholders and maintained accountability and responsibility. Every 
radiologist must practice codes of ethics and practice to give our best for patient care in AI's new ecosystem. 
Because of the current vogue in AI, there has been a paradigm shift inradiology data management 
conceptualization. However, it has its share of problems, and so, the question of how ethics shall govern AI 
practices arises.The five core principles of an ethical framework for AI in radiology are non-maleficence, 
beneficence, justice, autonomy,and explicability. Many statements have already been given by multiple 
prominent organizations to guide the working methods of AI, and the ACR has produced the latest 
statements, European Society of Radiology, RSNA, Society for Imaging Informatics in Medicine, American 
Association of Physicists in Medicine, European Society of Medical Imaging Informatics and Canadian 
Association of Radiologists. 
 

Autonomy 

The principle of autonomy refers to the right of each patient to make his or her own choices. Surrogates are 
responsible for the rights of incompetent patients, e.g., patients with a lack of mental ability, children. In 
healthcare, informed consent is used to safeguard the autonomy principle [1]. Medical images contain 
additional data like institute information, namely protected health information (PHI),patient demographics, 
technical image parameters, and pixel information. As per the region of the body being scanned, contours of 
the body part can be rendered. It is possible to apply facial recognition even on medical images. To 
implement and develop AI in radiology, medical images should be used in training processes by 
algorithmsrepeatedly; this shall ensure that data ownership and data privacyare regularly questioned [2]. 
Although PHI data access isto be granted on a need-to-know basis only, institutional review boards should 
perform an audit of data collectionfor protecting data usage[3]. Data access and security need to be 
implemented in the data handling process. In the era of AI, informed consent should be adapted to take into 
account repeated usage. The recently enacted General Data Protection Regulations (GDPR) in Europe must 
be implanted to ensure patient's privacy. Because of the possibility of back-tracking of data by AI algorithms, 
data pseudo- anonymization is included in GDPR to enhance data protection along with anonymization in 
order to enhance data protection [4]. Data usage and collection in AI also raise concerns aboutdata breaches; 
therefore, patient data needs to be shieldedfrom cyber-attacks [5]. At present, initiatives like healthbank.coop 
leave each patient's decision to access which part of their data and under which conditions and enable 
monetary compensation for each individual. 
 

 
Beneficence, non-maleficence 

The principles of beneficence, "do good," and non-maleficence, "do no harm," are closely related to each 
other. They are involved in avoiding harm to the patient or anything that could be against the patient's well-
being [1]. Artificial intelligence applications in radiology must be designed to respect these principles and 
improve collective and individual well-being. Applications of AI in radiology involve optimizing lesion 
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detection, characterization, segmentation, and re-organizing clinical workflow. On the one hand, AI-aided 
patient stratification shall enable faster and precise decision-making and improve individuals' well-being. 
 
On the other hand, this stratification can also be used for non-beneficial and commercial purposes. Insurance 
companies can stratify patients by the expected outcomes and adjust the fees. AI algorithms can be trained 
onbiased data and also programmed to increase the profits of their designers. Methods and strategies also 
must be implemented to see how new true positive findings in a retrospective analysis or new false-positive 
findings in a prospective setting should be treated. 
 
Justice 

The principle of justice involves a fair distribution of medical goods and services [6]. The progress in AI 
should promote justice while removing unfair discrimination, ensuring shareable benefits, and avoiding the 
infliction of further harm that could arise from any implicit bias [7].  However, interests may differ between 
AI users and the AI developer, and some parties can follow the ethical code only partially. Therefore, an 
ethical AI design needs to consider the possibility ofunethical human interventions [6,8]. 
 

Explicability (Transparency and Accountability) 

Transparency and accountability principles can be considered under the umbrella term of explicability 
principle [9]. Artificial intelligence systems should be comprehensible and auditable by "natural" intelligence 
at all levels of expertise, and the intention of developers and implementers of AI systems must be shared in 
clear words[8].  
• Transparency: Should an AI system fail or become harmful, we must be able to detect the reasons, and 

in case the system is involved in decision-making, there should be satisfactory explanations for all steps 
in the process of decision-making. The process must be auditable by the authority and all healthcare 
providers, allowing legal liability to be assigned to the concerned accountable body [4,5]. Algorithms of 
artificial intelligence are susceptible to differences in patient characteristics and protocols used for 
imaging. Hence, transparent communication of criteria used for patient selection and rigorous, thorough 
validation of algorithms areneeded to ensure the generalization of training datasets to various centers[10]. 

• Accountability: Any treatment-related autonomous decisions that AI makes may cause issues regarding 
who is accountable for these decisions. It might also lead to debates over who will be responsible, should 
an autonomous system make a mistake—the user or the developer [9]. Beforebroader adoption, all AI 
applications for radiology must be held to the same accountability level as any new medical drugs or 
devices used in radiology [7].  

 
Research ethics for AI 

In computer science, especially in research involving AI, many articles are being published in arxiv.org. And 
other repositories. These publications might have errors because of lack of peer-review and questionable 
nature of the allocation of data.  Hence, peer-reviewed and transparent researchare needed before the 
implementation of any AI method. AllAI applications must follow the Standards for Reporting of 
 Diagnostic Accuracy Studies (STARD) statement like any other application developed for diagnostic 
purposes [8]. 
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Conclusion 
 
Artificial intelligence has the immense potentialof speeding up scientific discovery in medicine. 
Nevertheless, we need to understand that "Natural" intelligence should always be responsible formaking 
decisions. We must implement AI in the best way to reflect ethical and legal standards while ensuring that 
patients' interests are well-protected. Each radiologist must be involved actively in setting up ethical 
standards that will control both the use of—and research on—AI in medical imaging [12]. 
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Chapter 14: Ethical and Legal issues related to Artificial Intelligence in Healthcare 
Authors:  Dr. Arpita Sahu, Dr. Ankur Chand 

 
Artificial Intelligence (AI) in the healthcare system is best regarded as a socio-technological practice, 
where humans and machines do not compete against each other and machines supplement humans' 
skills.AI innovation in radiology is likely to be driven by academic healthcare organizations in 
partnership with the industry. While artificial intelligence (AI) offers many possible benefits, there also 
are several ethical and legal challenges, and guidelines are needed forthese issues. 

  
ETHICAL CHALLENGES: 
 
Informed consent to use AI: 
Applications in Health AI, such as diagnostics, imaging, and surgery, will transform the patient-clinician 
relationship. It is a challenge to balance the privacy of patients with the safety and effectiveness of AI. It will 
be hard for the clinicians to educate the patient about the complexities of AI, such as machine learning used 
by the system, the kind of data inputs, and the possibility of biases or other shortcomings in the data 
engaged(1). 
 
Safety and transparency: 
Safety is the prime challenge for AI in the healthcare system. For example, IBM Watson for Oncology uses 
AI algorithms to assess patients' medical recordsand helpphysicians explorecancer treatment options. 
However, it was perceived that it was giving "unsafe and incorrect" suggestions for cancer treatments. This 
real-life example has shown a negative impact. So, AI developers need to ensure the reliability and validity 
of the datasets and transparency (2). AI developers should be sufficiently transparent, for example, about the 
kind of data used and any shortcomings of the software (e.g., data bias). Transparency creates confidence 
among clinicians and patients, which is the key to a successful staging of AI in clinical practice(2). 
 
Algorithmic fairness and biases:  
Algorithms can exhibit favoritism resulting in injustice concerning ethnic origins and skin color or gender. 
Partiality can also occur regarding other features such as age or disabilities (3). It can result from the datasets 
themselves that are not representative, besides data scientists and ML systems choose and analyze the figures 
from the context in which the AI are used. In the health sector, where phenotype and genotype-related 
information is involved, biased AI could, for instance, lead to false diagnoses and render treatments 
ineffective for some subpopulations and thus jeopardize their safety.  
 
Data privacy: 
"The price of innovation does not need to be the erosion of fundamental privacy rights"(4). It is fundamentally 
imperative to adequately inform patients about the processing of their data and promote confidence. Patients 
need to feel valued and those seeking to use patient data must show that they add value to the health of the 
very same patients whose data is being used. 
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LEGAL CHALLENGES: 
 
Safety and effectiveness:  
AIs must be safe and effective. Stakeholders can contribute to a successful implementation of AI in clinical 
practice. They should ensure that the datasets are reliable, valid and should perform software updates at 
regular intervals. They should be clear about their product, including shortcomings. Also, surveillance is 
needed to ensure the safety and effectiveness of AI(6). 
 
Liability: 
The AI-based technologies raise challenges for current liability regimes. It will be crucial to create an optimal 
liability design that figures out responsibilities. For example, An AI-based software gives an incorrect 
treatment recommendation that the clinician adopts, causing harm to the patient. In this situation, the clinician 
would likely be liable for medical malpractice. To avoid medical malpractice liability, physicians can use it 
as a confirmatory tool to assist with existing decision-making processes rather than following its 
recommendations out of fear of liability(7). 
 
Data protection and privacy: 
In the world of big data, it is of utmost importance to have data protection laws in place so that patients' 
privacy is adequately protected. 
 
Cybersecurity:  
Cybersecurity is an important issue to consider when addressing legal challenges in healthcare AI. For 
example, sophisticated cyber actors, criminals, and nation-states can exploit vulnerabilities to steal or 
influence the flow of money or essential (healthcare) information. Such actors are increasingly developing 
skills to threaten, harm, or disrupt the delivery of vital (medical) services. Targets in the health sector may 
include hospital servers infected with software viruses, Trojan horses, or worms that risk patients' privacy 
and health. Additionally, corrupted data or infected algorithms can lead to incorrect and unsafe treatment 
recommendations. 
 
Intellectual property law: 
Artificial Intelligence and the data that fuels it can be protected by various intellectual property rights (IPRs). 
It typically involves a combination of long contracts, copyright, trade secrets/the law of confidence. It may 
also comprise competition law and personal data integrity rights. The result is that data are frequently the 
subject of litigation. Thus, it has been suggested that more regulations for data-generating internet giants are 
necessary besides a new data economy that requires a better approach to competition and antitrust rules. 
Hence the combination of big data and IPRs creates challenges that need to be addressed, such as access to 
data and ownership rights. 
 
Possible Solutions for Ethical and Legal Issues: 

I. Bias is one of the most important ethical concerns in connection with AI in radiology. Not all biases are 
bad (e.g., deliberating oversampling of specifically important characteristics or optimizing algorithms 
for specific settings), but all AI should be investigated for the possible effects of different types of bias. 

II. Regulations for the ethical use of imaging AI must be developed, and radiologists, in addition to ethicists, 
should lead this effort. 
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III. Diverse datasets are needed to train robust AI algorithms. Standards are needed that allow efficient use 
and sharing of these datasets through clinical trials. 

IV. Data sharing can facilitate the development of clinically relevant AI tools if barriers to data sharing are 
overcome and appropriate incentives are developed. 

V. Radiologists will require different levels of understanding of AI depending on their roles. Radiologists 
need to gain a basic understanding of AI, both it's potential and limitations. 

VI. Creating the educational resources necessary for an AI curriculum will require multiple stakeholders' 
collaborative efforts, including national and international societies and academic radiology departments. 
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Chapter 15: Natural Language Processing in Radiology Reports 
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Introduction 
In the clinical domain, we have so much data, of which a lot of textual entries are unstructured free text. 
Nevertheless, it is of no use in its existing form. The majority of free-text clinical data in the electronic 
medical records remain unusable. The problem with this data is captured by the 5V's- Volume (quantity), 
Variety (format), Velocity(increasing), Value(richness), Veracity (quality & integrity). The radiology reports 
form a significant part of the unstructured free text content in the Hospital Information System (HIS). 
Radiology reports are stored in the EMR in the form of free text. (1-4) These reports contain rich content about 
the tumor, stage of the disease, response to treatment, and suggestions for additional investigations stored in 
an unstructured format. Interpretation of these reports requires an expert to read the text and infer the report. 
For the last few years, researchers are trying to mine these reports to extract meaningful information. Natural 
Language Processing (NLP) can help reduce significant time and efforts in extracting such information. NLP 
is a sub-domain of linguistics, computer science, and artificial intelligence (AI) that deals with programming 
or training machines to handle and comprehend human language.(5) 

 
"Natural" refers to a form of speech/text that follows human communication norms. NLP deals with how 
machines can correctly extract information and meaning from humans' unstructured text to communicate 
information. In order to train algorithms to understand natural language the way humans do, algorithms may 
be provided with sufficient vocabulary that might allow the machines to perform basic translation and 
classification tasks. (6) However, to map the complexity of words and meanings in sentences, it is essential to 
capture the context. NLP helps model all these complexities of human language into mathematical form for 
it to be machine-readable. (7) 
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Figure 1: Natural language processing as a sub-domain of artificial intelligence 
 
This may be performed by rule-based approach, statistical approach, or hybrid (a combination of both). A 
statistical approach is employed by machine learning, which helps extract the right information or make the 
right correlation. Another sub-branch of machine learning that is frequently utilized is deep learning which 
uses artificial neural networks to correct correlations and extract information. Neural networks are various 
types depending on the task at hand (8, 9)(Figure 1). The process followed for extraction of structured 
information from the free text medical reports is shown in Fig 2. (10-30) 

 
Figure 2: Processes involved in NLP 

 
Application of Natural Language Processing in Radiology Reports 
Application of NLP tools can be found in research as well as in the clinic. In research, NLP is useful for 
creating a clean, structured corpus for future use, filtering data using case identification, query-based retrieval 
of data, report classification, Development of decision support systems& prediction modeling. In the clinic, 
we can use NLP for diagnostic surveillance and auto-generation of emergency alerts, report standardization, 
assistive reporting, error correction, improving radiology reporting by quality assessment, uncertainty 
detection in reports, data modeling for clinical support to improve the accuracy of diagnosis or provide a 
better idea of disease prognosis or the efficacy of a treatment. NLP applications in imaging can help oncology 
with faster report summarization, case identification, staging, and treatment outcome detection.(30-106) 

 
NLP applications have been developed using programming languages like Java, Python, Julia, R.The 
Development of these tools is, however, data-driven. Limited clinical data sharing is a significant limitation 
for the Development of NLP applications. Ontology-driven concept recognition and mapping can help 
develop such applications without data leaving the institution by distributed learning.(66-68) Several ontologies 
from UMLS vocabulary have been used for semantic mapping concepts from radiology reports like 
RadLexLexicon, Radiation Oncology Ontology (ROO), NCIT (National Cancer Institute Thesaurus), 
SNOMED CT(Systematized Nomenclature of Medicine -- Clinical Terms). Severaltools and datasets are 
available for NLP created for specific tasks, some of which are open source (24-29). (Table 1-2) 
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Sharp NLP LEXIMER CGMIM Concept Mapper Iscout 

Metamap ONYX MeInfoText I2b2 LifeCode 

QuExT Ctakes MedTag Clear Forest LINNAEUS 

GATE YTEX CaTIES MedTAS/P Aleph 

I2E MOSES ClinRead MEDTEX ABNER 

 
Table 1: Tools available for NLP 

Datasets Availability 

Render- radiology study repository Not publicly available 

mtsamples Public dataset 

i2b2challenge sets Available on request 

 
Table 2: Radiology datasets available for NLP 

NLP has been used for cohort building for epidemiology studies by automatically selecting studies for 
various conditions like renal cysts, pneumonia, pulmonary nodules.(38-42).Zhou et al. used NLP for automatic 
classification of radiology reports for retrospective studies.(43)Similar work was done by Schuemie et al. 
using electronic health records.(44) NLP has been used to extract radiology reports based on specific concepts 
related to congestive heart failure or strokes or peripheral arterial diseases or aortic aneurysms.(45-55) 
Query-based case retrieval has been developed,which helps case retrieval employ a query with the user's 
fields. Applications with web-based systems linked to reports in PACS using ontologies have been used for 
case retrieval. Customizing ontologies has been found to improve such algorithms' performance from 42% 
sensitivity to 95%. Similar tools have been used for data filtering and report 
classification.(33,35,42,57,61,62,69,75,76)NLP was also used for query-based image retrieval using concepts from 
radiology reports.(58) A commercial application LifeCode designed for billing purposes, was used to extract 
findings from radiology reports by employing a Radlex lexicon and reported 85% sensitivity & 96% 
precision.(57) Some similar applications were used for image retrieval for educational purposes.(107) 

 
Several applications have explored features extracted from free-text reports to develop decision support 
systems and prediction modeling using EMR free text. However, there is still work going on to use radiology 
report information extraction to develop decision support systems.(98, 100)  
Some critical observations are not explicitly mentioned in reports. An NLP system can help detect an implicit 
diagnosis like disease status, staging, infections, or suggestions for additional investigation. Systems 
thatautomatically detect such observations help minimize communication delays between the radiologist and 
the referring clinician by generating automatic alerts. SeveralML-based algorithms have reported sensitivity 
and specificity >90% for critical observation for surveillance and generation of alerts. Some algorithms have 
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obtained comparable results with a hybrid approach using a customized lexicon.(31-37,73-75,78,79)Li et al. used a 
commercially available NLP tool Health Care Analytics Solution (HACAS), for automated data extraction 
for identifying from a group of Computed Tomography reports, reports that contained patients positive for 
ureteric stones with a sensitivity of 66%, a specificity of 95% and accuracy 85%.(90) Similar work was done 
to identify incidental lung nodules (ILNs) and assess management recommendations in radiology reports 
with 91% sensitivity & 82% specificity for identifying ILNs(91).These may also be useful if employed with 
an alert generation system.Sinha et al.found 90%accuracy and high user satisfaction using a graphic interface 
tool to implement prospective structuring of radiology reports using a predefined but customizable 
vocabulary.(101)  

 
Several NLP tools have been used for quality assessment of radiological practice and checking adherence to 
reporting guidelines.(60,61,69,102-106)These applications were used for assessing recommendation behavior, 
report quality assessment. The collection of disease-specific phrases & detection of recommendations for 
actions or investigations were extracted for this. (60-61) 

 
Another critical aspect of radiology reports has understood the certainty of findings and observations in the 
reports.(93-96) Callen et al. used NLP for characterizing and comparing uncertainty terms used in radiology 
reports. The algorithm created by them was used to detect published uncertainty terms and compared against 
the gold standard of two radiologists' identification of these terms. The authors reported an accuracy between 
0.84-0.91 for the algorithm.(97) 

 
Several NLP-basedclinical support servicetools like SymText have been developed with nearly 100% 
sensitivity and 99% specificity for concept extraction(64-65). Sevenster et al. described an NLP algorithm for 
pairing measurements across consecutive radiology reports with a measurement extraction engine with a 
precision of 0.994 and a recall of 0.991.(77)Hassanpour et al. used a machine learning-based NLP system to 
build an information extraction model. They compared dictionary-based annotation (using cTAKES and 
RadLex lexicon), conditional Markov model (CMM) based annotation, and conditional random field(CRF) 
based annotation and found that the CMM and CRF based annotations gave better results for Named Entity 
Recognition.(18-19) Recently applications like MedTagger (a rule-based NLP algorithm) have been used for 
extracting information related to skeletal site-specific fractures with very high sensitivity specificity & 
precision 0.930, 1.0, 1.0. (78) Brown et al. have used an open-source NLP tool and ML software like logistic 
regression, support vector machine (SVM), and random forest and compared them. They used bag-of-words 
model and TF-IDF representations for word representation and found that TF-IDF with the SVM model 
outperformed all other models(79). Goff et al.also automated report summarisation system extracts asserted 
and negated disease entities from radiology reports with sensitivity &precision of 0.86&0.66, respectively 
(80). Senders et al. compared bag-of-words approach algorithms (logistic regression, least absolute 
shrinkage, selection operator [LASSO] regression, and multilayer perceptron)with sequence-based approach 
algorithms (1D–convolutional neural networks, long short-term memory, and gated recurrent unit) to classify 
MRI brain reports into single metastasis mentions versus multiple metastases mentions. They found that 
LASSO performed best among the compared algorithms.(92) Nobel et al. developed and validated a rule-based 
algorithm to classify lung cancer radiology reports for T-staging. The algorithm also used regular expressions 
and reported an accuracy of 0.87.(98)Bozkurt et al. used a hybrid NLP algorithm for automated extraction of 
measurements and their descriptors in radiology reports. The pipeline employed by them used a rule-based 
algorithm with a CRF model to extract measurements andRadLex lexicon for descriptors in CT & MRI 
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reports (96% accuracy).(99) Word embeddings like Sent2Vec and GloVe have been used for featuring 
unstructured text from radiology reports along with machine learning and deep learning algorithms (with 
recurrent neural networks and convolutional neural networks) to detect outcome mentions in radiology 
reports with promising results(81-89). 
Conclusion 
NLP will be useful in furthering and improving research in cancer and aiding in personalized medicine 
approaches. The recent NLP research suggests the increasing role of NLP in radiology report interpretation, 
radiology report generation, emergency alert generation, uncertainty detection, data extraction for clinical 
decision support systems, predictive modeling, and cohort generation for research. 
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Chapter 16: Medical 3D Printing: Regulatory and Quality Consensus 

Dr. Amrita Guha, Dr. Madhuri Waghmare 
 
In the early 1980s, Charles Hull invented 3D printing, which he called stereolithography[1]. Medical 3D 
printing, also known as rapid prototyping, comprises several manufacturing technologies that derive a 
physical model from digital information. The process is also known as additive manufacturing, which 
expanded widely in the 1990s in architecture and manufacturing[2,3]. In 3D printing, objects are fabricated by 
sequential addition of layers of materials such as ceramics, plastics, powders, metal, liquids, or even living 
cells.[3]3D printing differs from traditional subtractive manufacturing techniques in which parts of the 
material are subtracted or removed to generate the desired object [4].In a nutshell, the process of rapid 
prototyping starts with determining the target anatomical area, followed by processing the MRI/CT image 
for the development of the required three-dimensional configuration[2]. This configured data is optimized for 
the actual printing process and then fed to the selected 3D printer with the appropriate materials.[2] 

 
The steps involved in the process of rapid prototyping are shown below. 
 

 
Image Acquisition: [3] 
Successful 3Dprinting is highly dependent on the quality of imaging source data. The optimal image 
acquisition of routine clinical imaging is different from that for a 3D model. The clinician and radiologist's 
discussion are essential for optimal planning of imagacquisition, which mainly involves: 

• Selecting the anatomical target area 
• Image Optimization: Images obtained through CT, MRI, or 3D ultrasound should have optimum contrast to 

differentiated tissues, good spatial resolution, and in cases of CT, the slice thickness should be less than 1mm 

[3]. Measures should be taken to reduce the artifacts. 
• Defining the purpose of the model as an intraoperative guide, template, procedural planning model, 

implantable device 
 
Segmentation and Post Processing: 

• 3D printers support STL file formats, which stands for Standard Tessellation Language, and it is used to 
define the surfaces of the parts to be printed[3]. 

• STL format defines surfaces as a collection of triangles that fit together like a jigsaw puzzle. Region of 
interest is drawn around the target tissue on the DICOM images to segment it, followed by refinement of the 
segmented data.[3] 

• Special software is utilized for refinement. The final STL model is then tested for its accuracy by comparing 
it with the original images[4].  
3D printing and materials: 

Image Acquisition Segmentation Post Processing 3D Printing and 
Materials

Validation & Quality 
control of the print
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Various modalities are used for 3D printing, and these can be used synergistically and need not be mutually 
exclusive. Biomaterials can be either artificial or natural substances that are in contact with biological 
systems[5]. Depending on the chemical nature of the substances, they are divided mainly into four categories: 

 
 
The degradation rates, biocompatibility, and ease of printing are required to qualify as an ideal 3D printing 
biomaterial. The additively manufactured part's intended use is the single most determinant in selecting a 
particular biomaterial type [5]. For example, orthopedic implants require strength and longer biodegradation 
rates, while visceral ones need to have faster biodegradation rates[5].  
 
Modalities and methods used for 3D printing:[3,5] 

 

 
 
Fused Deposition Modeling (FDM): It consists of extrusion of a heated thermoplastic filament through a 
nozzle in a sequential method onto a surface to produce a printed object. FDM Printing is the least expensive 
and most common method. However, it is susceptible to artifacts such as mechanical failure or warping. 
Materials used: acrylonitrile butadiene styrene (ABS), poly-lactic acid (PLA), nylon 
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Stereolithography (SLA): SLA is selective curing of a photosensitive polymer liquid resin, layer by layer, 
using a laser beam. SLA printed materials and machines are more expensive than FDM but with smoother 
surface finishes. Materials used: photopolymers 
 
Selective Laser Sintering (SLS): SLS is similar to SLA; however, it utilizes powder residue to fuse particles 
instead of curing a liquid resin. In SLS, the printed powder bed will self-support during the manufacturing 
process. Materials used: nylon, polyamide. 
 
PolyJet: The functioning of PolyJet printing is similar to a traditional 2D Inkjet printer. Droplets of 
photosensitive material are cured by UV light, layer by layer. Unlike in FDM, SLA, and SLS, multiple 
nozzles allow for more versatile prints like various colors, textures, tensile strengths. Materials used: 
polypropylene, polystyrene, polycarbonate 
 
Applications of 3D printing in the medical field: [2,3] 
3D medical printing has revolutionized medicine by providing wide applications to improve and save patient 
lives. 
 

 
 
QUALITY ASSURANCE IN ADDITIVE MANUFACTURING [6,7,8,9]: 
 
One of the biggest concerns of 3D printing is ensuring the quality of the additively manufactured product 
[7,8]. The three pivots of quality assurance are: 
• Ensuring the quality of the product 
• Establishing control process 
• Reducing human error 
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A. Ensuring the quality: Defining the quality of the product mainly depends on the intended use. In general, 
quality is about a product's ability to maintain structural integrity while performing the desired task [7]. 
Quality exists in multiple dimensions, namely the product's geometry, its surface finish, and material 
properties. Thus, to certify the quality of the additively manufactured products, it is necessary to 
establish control of the build process and ensure uniformity among the three factors. 

 
B. Establishing a control process: This is done by developing a closed-loop quality control system that 

consists of build planning, build monitoring, and feedback control. 
 

I. Build Planning: Simulation is a preliminary step used to predict how a 3D printed object would work 
in a virtual environment. It helps design engineers analyze the complex processes involved in additive 
manufacturing.  Simulation provides insights into how a product will distort during the printing process 
and determine how the material will melt and solidify[8]. Ultimately, integration of simulation software 
at the design and planning stages aids in the elimination of trial-and-error while significantly reducing 
the chances of print failures.   

 
II. Build monitoring (Measures the build process in real-time)[7,8]:To gauge various aspects of the build, 

real-time sensors and cameras can be used. These can help in the documentation of the build process 
and ensure requirements are met. The engineers then use this datato predict the likelihood of defects 
occurring and intervene in the process well before the defects occur.  

 
III. Feedback control (Closed Loop System, which links build planning and build monitoring): Feedback 

control implies identifying deviations occurring during the printing process and automatically adjusting 
the system to compensate them.  

 
C. Reducing human error: Automation of the steps wherever human intervention is needed can decrease 

human error [8]. 
 

Regulatory aspects of medical 3D printing[10, 11] 
The additively manufactured products are regulated by the Food and Drug Administration (FDA), but not 
the 3D printers. The complete process of generation of 3D printed physical models has to be FDA approved. 

 

 
Limitations of 3D printing: 
 
The significant limitations of 3D printing include costs, time to generate models, and human effort. Most of 
the available 3D softwareprovides automatic segmentation; however, it only works when the region of 
interest is anatomically correct. In cases where the anatomy is complex or atypical, manual segmentation 
needs to be done, which consumes a lot of time and effort.The lack of diversity in biomaterials is another 
limitation of additive manufacturing[5]. 
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Chapter 17: Conversational Agents for Patient Assistance 

Dr. Nitin Shetty, Dr. Aashna Karbhari 

 
Ever since its advent, radiology has forayed technological development in the field of medicine and health 
care. The human-computer interaction is undergoing an enormous evolution, and in the field of medicine, 
radiologists are at the helm of it. So, it is only justified that they take this symbiotic relation with machines 
to the next level by applying ever-evolving technological innovations to healthcare services rather than 
limiting their spectrum to diagnoses alone. Traditionally, most health-related IT applications were 
programmed to support health care providers. (1) However, instead of being passive recipients, patients' role 
has now changed to be active consumers of health information, healthcare devices, and monitoring systems, 
which has created a demand for health IT applications appropriate not just for care providers but also 
patients(2,3). In keeping with how applications utilizing artificial intelligence are being increasingly used for 
assistance in diagnoses, an AI-driven virtual assistant can act as a bridge between medical staff and patients 
in healthcare services. (4,5,6,7,8,9) 

 
In terms of acceptability and adapting to a new interface, patients were already using GUI (Graphical user 
interface) on the existing hospital websites and portals in icons, menus, lists, and windows whose purpose 
was to make information accessible, understandable, and usable. Instead, now with the development of 
chatbots, information delivery can be personalized, tailored and the whole experience can be made 
frictionless. From initial counseling to leading users into the correct clinical care service line to scheduling 
appointments and providing self-help information, chatbots can make the process seamless. (10) 

 
A chatbot(chat robot) is software that allows communication between a human and a machine via texts or 
speech without a human operator's assistance. (11) A product of machine learning (computers learn by 
analyzing data and pattern recognition) and natural language processing (computer's proficiency to 
understand, analyze and eventually generate human language), chatbots employ natural language to produce 
human-like answers. They use decision trees that have been pre-programmed to provide precise answers to 
the questions and evolve with experience. More ad hoc questions are deflected or handed over to human 
operators. 
 
The potential of chatbots have already been verified in various fields, including education (12), information 
retrieval (13), business and e-commerce (14), and customer service (15). Chatbots are preferred by 84.6% of the 
interviewed people to get answers, second only to face-to-face interactions. (16) A review of 12 studies 
evaluating satisfaction with such an automated system reported high overall user satisfaction (17-22). A 
significant advantage for the users is the ease of use of chatbots as an instant messaging application. The 
availability and affordability of smartphones have ensured the success of chatbots as they can be accessed 
on-the-go.  
 
In the healthcare domain, chatbots are assumed to reduce physicians' workload and optimize diagnosis, 
treatment, and medication processes (1, 23, 24). However, their implementations can be diversified to aid the 
patients in information acquisition while providing a touch of human-like connection and improving timely, 
patient-centric healthcare dissemination (10). Chatbots are advantageous as they are non-time bound and can 
replace assistance service operators, who are not always available and hence do not have to go through the 
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rigmarole of long wait periods to get simple questions answered. Chatbots provide evidence-based answers 
to frequently asked questions and provide an opportunity for patients to learn about the next phase of their 
treatment, management, or procedure (10). 
 
Applications of Chatbots: 
Conversational agents aim to facilitate the interaction with users through conversation and request/response 
interaction. Chatbots have an enormous potential to optimize processes in healthcare and reduce physicians' 
workload. (2) The aim is not to substitute the caregiver but to adopt a coaching approach and support doctors' 
activity. A chatbot acts as a virtual coach interacting with the users, reminding them to do their tasks and 
report their results. They can be used by patients to set up appointments for all the pre-procedure workups 
and post-procedure follow-ups. Chatbots for self-diagnosis can act as the first point of contact for patients 
even before they go to a healthcare facility. The chatbot can ask patients about their symptoms, propose 
treatments and recommend further proceedings directly to the patient according to predefined scripts. (18,19, 

23) Utilization of a chatbot as support with the anamnesis will save considerable time when the patient has to 
personally meet the doctor. Chatbots ask specific questions to elicit the patients' medical history and update 
it in their medical records, accessed by the treating physician. (20, 25) From submitting samples to updating 
reports and alerting their respective doctors in case of any red flags, chatbots can be the much-needed one-
stop-shop for patients for hospital visits. 
 
In today's world of many options and a vast pool of available information and misinformation, a source of 
validated data to answer patients' queries has become a necessity than a luxury. The onus lies on the medical 
fraternity to relay accurate information to all patients without any lapse at either end. This can be ensured by 
implementing chatbots which will deliver information vetted by specialists and alleviate patients' anxieties 
and queries by providing evidence-based answers to all their questions. This will eliminate the chances of 
misinformation and at the same time allow patients access to a reliable proxy that can provide the necessary 
instructions at a time of their own choice, however many times they need it. 
Following are few examples where chatbots have been or being researched for their utility: 
1. To give interactive advice about the dosage of the prescribed medicine. Chatbots can help with the 

scheduling of the medication intake and deliver information about the ideal way and time of consuming 
a particular drug and preventing drug-drug interactions in case of multiple ongoing therapies. Already 
tested conversational agent "Pharmabot" was designed for the prescription and suggestion of medicine 
for children and a source for information about the medication for pediatric patients' parents. (26) 

2. To give relevant information about a treatment or a disease to a patient. Patients can avail all necessary 
information like necessary measures to take before and after any procedure, general information about 
the procedure, common adverse effects, complications and treatments, time duration between test and 
results, and even detailed explanation of results. (10) 

3. To prioritize patients in the emergency room and patient triage based on available vital patient 
information is a line of implementation still under exploration. (25) 

4. To assist in psychiatric treatments, conversational therapy, delivering an objective appraisal, or/and to 
identify harmful tendencies. (18, 27, 28, 29) 

5. To collect data and telemonitor various studies on health issues like hypertension (30), Type 2 diabetes 
(21, 31,32), obstructive sleep apnea(19), and pain.(33) 

 
Limitations of Chatbots: 
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1. No software is perfect, but given the extremely narrow margin of error in healthcare, the chatbot's wrong 
suggestions, either because of malfunctions or due to wrong inputs by the users, remain a grave danger 
in their widespread implementation. (34,35,36) 

2. Legally, a virtual system cannot replace a human being (shortly at the least) as a computer cannot be 
held liable for any unfortunate health incidents which may have occurred directly or indirectly due to 
information or misinformation by the chatbot. This lack of liability will make it difficult for patients to 
trust chatbots with their medical concerns. (37) 

3. Despite the possible benefits accruing from sharing personal health information with chatbots to help 
them perform better, there will always be concerns about the patients' personal information versus the 
need for personalization. (38,39) 

4. Chatbots are designed to follow a specific path (decision tree), and they rarely accommodate deviations 
away from a programmed script. If the user's conversation becomes too complex, a chatbot is likely to 
have problems in recognizing and understanding users' requests and not provide the right answers. (36,40,41) 

5. Initially, users could be reluctant to use chatbots if they are asked to provide particularly sensitive 
information. (42,43) 

6. Some patients might have difficulties comprehending the meaning of some data related to health because 
they might not have the required level of medical knowledge. (41, 44) 

7. A significant disadvantage of these systems is that they require extensive training datasets, resulting in 
their slow adoption in health applications. (44, 45) 

 
 
 
Conclusion: 

The resistance to change is a common dynamic that occurs when a new technology is introduced. However, 
most of the existing research on the topic supports that a  chatbot can positively impact perceived care 
quality, with specific improvements in patient's medical knowledge. Implementation of a chatbot on a larger 
scale could improve overall health care knowledge, value, patient outcomes, and quality of life. Despite its 
enormous potential to benefit health across a broad range of application domains, conversational agents' 
efficacy and safety remain limited and need to be carefully monitored. 
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Chapter 18: Medical Image processing in Oncology: Radiomics to Deep learning 

Dr. Abhishek Mahajan 
 

Introduction : 
 

Medical imaging can provide more information about the tumor phenotype beyond volumetric measurements 
and a process called "Image-based Phenotyping." Medical imaging is intuitively very suitable as a biomarker 
source to visualize tumor phenotype and predict treatment response. It can visualize and quantify the time 
series of disease processes in a non-invasive way in individual patients. The characterization of quantitative 
imaging features which reflect tumor biology, physiology, and tumor phenotype is increasingly being 
explored. Radiomics refers to the automatic extraction of data from radiologic images rapidly and accurately 
using machine learning algorithms. Radiomicsis a niche area under medical image processing which is the 
study of these quantitative features and their correlation with tumor phenotypes[1-3]. The quantitative features 
analyzed express sub-visual characteristics of images that correlate with the pathogenesis of diseases. These 
features are broadly classified into four categories: intensity, structure, texture/gradient, and wavelet, based 
on the types of image attributes they capture.  
 
The feature engineering-based radiomic method relies on precise tumor boundary annotation, which requires 
human labeling efforts [4, 5]. Since radiomic features are computed only inside the tumor area, the 
microenvironment and tumor-attached tissues are ignored. In contrast, advanced artificial intelligence 
models can overcome these problems through a self-learning strategy such as deep learning methods [6-10]. 
Compared with feature engineering-based radiomic methods, deep learning-based radiomics do not require 
precise tumor boundary annotation and automatically learn features from image data. Furthermore, deep 
learning-based radiomics can extract features that are adaptive to specific clinical outcomes, while feature 
engineering-based radiomics can only describe general features that may lack specificity for outcome 
prediction [11-13]. The deep learning model can discover suspicious tumor sub-regions strongly related to 
mutation status, aiming to rapidly facilitate clinicians' treatment decision-making for patients. 
 
Radiomics : 
Traditional imaging modalities like CT, MRI, and PET help in the semi-quantitative interpretation of tumors' 
two-dimensional anatomical and morphological features. However, they are incapable of predicting tumor 
heterogeneity. Radiomics was developed and encouraged to decode the intrinsic tumoral heterogeneity, 
genetic characteristics, and other phenotypic features of a lesion that could better manage management.  
 
Radiomics involves the extraction of sub-visual, yet quantitative, image features with the intent of creating 
mineable databases from radiological images (figure 1). The concept of radiomics was proposed by a Dutch 
researcher, Lambin P, in 2012 [4]. Recent times have shown increasing interest in the use of radiomics in 
cancer imaging with the intent of screening with maximum sensitivity and specificity and the added benefit 
of reducing the time burden on radiologists[14-17]. Radiomic has also evolved to predict prognosis, respond to 
specific therapies, and identify genomic alterations in the DNA, the latter being a part of a subgroup called 
'Radiogenomics'[18-21]. This interdisciplinary framework is a network of radiologists, medical experts, 
mathematicians, and computer scientists. 
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Figure 1  Steps involved in Radiomics 

 
Following are the critical implementation steps involved in Radiomics with examples from its application 

in lung cancers (figure 1): - 
 
Image acquisition: The raw DICOM data should be stripped of identification headers and assigned a de-
identified number. Images are acquired using protocols requiring optimal image parameters in terms of pixel 
or matrix size, slice thickness, washout period in PET images, patient position, and image variations 
introduced by different reconstruction algorithms. The accepted evaluation criteria for CT phantom are slice 
thickness, HU, a region of uniform medium to examine HU changes, variations with electron density, and 
low to high contrast detectability. 

 
Segmentation: The images are then segmented into Volumes of Interest (VOIs) such as a tumor, normal 
tissue, and other anatomical structure. E.g., automatic segmentation of the lungs into right and left lung→ 
lobes→segments with accurate limitation of the lung boundaries without extending into the mediastinum or 
chest wall.The segmentation is essential for identifying the structure and textural patterns a nodule as 
opposed to the background lung parenchyma and peri-nodular space.  

 

There are both automated and semi-automated segmentation tools. Robust segmentation, preferably 
automated, is advantageous for ranking features based on their spatial reproducibility/stability. Automated 
tools usually work well for relatively homogeneous lesions, but user correction is required for 
inhomogeneous lesions. E.g.,Tumors present as homogeneous high-intensity lesions on the background of 
low-intensity lung parenchyma and can be accurately automatically segmented. However, for nodules 
abutting pleural surface or vessels, partially solid nodules, or ground-glass opacities, a semi-automated 
segmentation tool is preferred. Specifically, in the biomedical imaging domain, U-Netsare popularly used 
and have shown excellent results in various segmentation tasks (figure 2). 
 
 



Technology & Cancer Care 

 

Page 486 of 564 

 
 
 

Figure 2 U-Net for Biomedical Image Segmentation 
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Figure3shows the tumor segmentation done manually in all three planes using multiplanar 
reconstruction to extract radiomics features. 

 
Feature extraction: 

Once a tumor is identified in segmentation, the tumor's characteristic features can be extracted. As opposed 
to radiomics, semantics refers to the features observed and directly described by the radiologists, e.g., 
ground-glass opacities, pleural effusion, peri-lesional emphysema, pulmonary thromboembolism, location 
of the nodule, etc. Semantic features are added in the review of the features to be extracted, which adds to 
the completeness of the process. 

 

Feature extraction comprises the following: 

 

• Tumor intensity histogram: This reduces the 3D data of a tumor volume into a single histogram, e.g., HU 
for a CT scan or SUV for an FDG-PET scan. From this, a threshold value can be calculated, e.g., metabolic 
value above SUV of 5 or the high-density tissue fraction in a CT. These threshold values help develop 
classifier models with which an optimum threshold can be identified using ROC analyses. So, the system is 
sharpened more and more to detect areas of interest. 
 

• Shape-based features: These describe the tumor's shape using quantitative features like total volume, surface 
area, margins (spiculated / round), the surface to volume, and tumor compactness. For example, the larger 
surface-area-to-volume ratio indicates a more speculated tumor known to have more malignant potential than 
the round mass with a smaller ratio. Volume estimation is a better treatment response evaluator than the 
conventional methods. 
 

• Texture-based features: Texture-based features study the lesion's heterogeneity and have been shown to the 
features most closely related to lung cancer outcomes. Gray Level Co-occurrence Matrix features (GLCM) 
can be used for the classification of textures. A matrix is selected in the structure of interest, which covers 
the connected directions of neighboring voxels in a 3D space. GLCM utilizes the distance, value, and angle 
of a combination of gray levels in an image. The density function features are extracted, e.g., contrast, 
correlation, cluster prominence, cluster shade, cluster tendency, dissimilarity, energy, homogeneity, sum 
entropy, difference entropy, gray level run features. 
 

• Wavelet features: Wavelets are filter transforms determined from a matrix of complex radial or linear 'waves' 
multiplied by the original image. Wavelet features enable identifying image attributes in response to different 
spatial frequencies and can be used to extract increasingly coarse texture patterns. Gabor wavelets are often 
used for lung nodule detection and work by capturing a global response to the region of interest's scale and 
orientation. 
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• Feature Qualification: If the number of extracted features is higher than the number of samples in the study, 
overfitting can occur. Hence, task-specific features should be used should be selected for best performance. 
The extracted features should be informative, reproducible, and have low redundancy. Semantic features are 
also used to build classifiers as these features are not affected by noise or image acquisition parameters. 
 

• Analysis and Model building: In order to avoid redundant extracted features, appropriate endpoints should 
be identified. All selected features considered reproducible, informative, and non-redundant are then used 
for association analysis. A model that predicts an outcome or response variable based on the chosen subset 
of top features that correlate with the outcome specified by the hypotheses is built by a supervised 
multivariate analysis. The predictability and reproducibility of the model should be tested before applying it 
in a clinical setting. The best way to asses' clinical implication of a model is its application to prospectively 
collected cohorts. To help solve the issue of sharing databases (used as validation sets) between institutions, 
publicly available databases such as The Cancer Genome Atlas (TCGA) can be used for hypothesis 
generation and internal cross-validation. This database contains multi-dimensional genomic data and clinical 
annotations of more than 30 types of cancers. 
 
There are three fundamental limitations of the existing radiomics sequencing methods that are encountered. 
First, image segmentation usually relies on manual delineation. This process is time-consuming and subject 
to inter- or intra-segmentation variation. Second, despite the segmentation of images being accurate, no 
standard method for image feature extraction is available. Analyzing different image features will produce 
specific results. Errors due to miscalculation are encountered as it is challenging to verify image features' 
accuracy and reproducibility. Lastly, current radiomics methods often characterize medical images using 
several imaging features, including intensity, shape, texture, and wavelets. Though such imaging features 
can be calculated, all these segmented areas' imaging characteristics cannot be included in the predesigned 
features. To obviate the pitfalls of radiomics methods, a more advanced method called Deep Learning-based 
Radiomics (DLR) was developed. 
 
AI, Machine learning, and Deep Learning 
 

Artificial intelligence (AI) was first coined in 1956 in Dartmouth, organized by Marvin Minsky, John 
McCarthy, and two other senior scientists. It triggered a new era of discovery and unrestrained conquests of 
new knowledge and has rapidly evolved in many fields, including the medical field [22-23]. AI offers a new 
and promising set of methods for analyzing image data and, radiologists are likely to play a leading role in 
the medical applications of AI[23-24]. 
 
Artificial Intelligence is the science of the development of robots, machines, systems, or products with the 
ability to perform those tasks that would typically require human intelligence in the form of visual perception, 
speech recognition, language translations, and decision making. Medical imaging is evolving fast from being 
a diagnostic tool to being a central component of personalized medicine[25].AI is a mammoth concept that 
encompasses intricate processes involving hypotheses generation, data analysis, hypotheses testing, and 
program generation in the form of Machine Learning, Neural networking, and Deep Learning[26]. A 
simplified illustration of components of AI has been shown in figure 3[26-27].A simplified illustration of the 
machine learning process has been depicted in figure 4. 
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Artificial intelligence (AI) has recently made substantial strides in perception (the interpretation of sensory 
information), allowing machines to better represent and interpret complex data. Deep learning is a subset of 
machine learning based on a neural network structure inspired by the human brain. These neural networks 
learn discriminative features from data automatically, giving them the ability to approximate a very complex 
nonlinear relationship [28].  
 
 
 
 
 
 

 
 

Figure 3: Simplified illustration of components of AI 
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Figure 4: Simplified illustration of the machine learning process. 

 
 
Artificial intelligence methods in medical imaging[27-34] 

 
Machine Learning: 
Machine learning is designing algorithms that allow a computer to learn. Learning does not necessarily 
involve consciousness, but learning is a matter of finding statistical regularities or other patterns in the 
data[27]. In machine learning, data is provided to the machine to 'learn something without being explicitly 
programmed to do it. Traditional programming involves feeding data and programs into the computer to 
generate output, while in machine learning, data and output are run on the computer to create a program.  
 
Types of Machine Learning [27, 28] 

 
Supervised Learning – The system is first trained with structured training data to generate a logic based on 
which new data can be analyzed to predict an output (Figure6). Example: Classification and regression. 
 

 
 

Figure 7: Supervised learning model. 
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Unsupervised Learning – Here, the training data is unstructured (does not contain desired outputs), and the 
system must understand patterns by itself (Figure 7) Example: Clustering and regression. 
 
 

 
 
 

Figure 7: Unsupervised learning model. 
 

Reinforcement Learning – The system finds the best possible behavior or path that it should take in a 
unique situation to maximize reward in that specific situation (Figure 8). The training data has no answer, 
but the reinforcement agent decides what to do to perform a given task. 
 

 
 
 

Figure 8: Reinforcement learning model. 
 

Deep learning: 
 
It is a model based on artificial neural networks, especially the Convolutional Neural Network (CNN), in 
which each level learns to convert input data it receives into a composite and slightly more abstract 
representation[28, 33]. Deep learning algorithms are based on artificial neural networks. A CNN is a 
subcategory of artificial neural networks, which is the basis for some of the most influential innovations in 
the field of computer vision [33, 34]. CNN algorithms are a subclass in the hierarchic terminology that includes 
artificial intelligence (AI), machine learning, and deep learning, as shown in Figure 9 [33, 34].It is named so 
because of the functional similarity with the human brain's neural network. Like the human brain, the neural 
network takes input signals, has an activation threshold, summates inputs, and generates output signals. In 
the feedback type of neural networks, computations from earlier inputs can be fed back into the network, 
giving the network memory. Corrections can be fed back to the various output layers to reduce the overall 



Technology & Cancer Care 

 

Page 492 of 564 

output error. However, like the neurons of the brain, the neural networks also suffer from poor performance.  
 
Causes of the poor performance of simple neural network: 
 
Overfitting: This problem arises from the structure of the machine learning task. A learning algorithm is 
trained on a set of training data, but then it is applied to make predictions on new data points[35]. The goal is 
to maximize its predictive accuracy on the new data points, not necessarily its accuracy on the training 
data[35]. If we work too hard to find the very best for the training data, there is a risk that we will fill fit the 
noise in the data by memorizing various peculiarities of the training data rather than finding a general 
predictive rule. This phenomenon is usually called overfitting, which can be avoided by under computing[36]. 
 
Underfitting: Under fitting is the opposite of over-fitting and occurs when the model is incapable of 
capturing the data's variability. A machine learning model's accuracy decreases when there are fewer data to 
feed upon [36].  
 
 

 
 
 
 

Figure 9 shows a Venn diagram representation of convolutional neural networks in the artificial 
intelligence hierarchic terminology(68). 
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Chapter 19: Use of Technology in Radiation Protection 

Dr. Vasundhara Patil 
 
The new emerging technology holds the promise to play an important role in radiation protection in 
diagnostic and interventional radiology. Following are some of the vital contributions to this area are 
mentioned below [1].  
 
Use of AI in CT dose optimization 
 
AI contributes to CT dose optimization and aims to achieve accurate diagnosis with the lowest possible 
radiation dose based on ALARA principles. AI-based techniques optimize the CT radiation dose in the CT 
examination's multiple steps, from procurement of images to the final display of images. 
 
1. Patients positioning: The automatic exposure control (AEC) optimizes the CT dose based on proper 
positioning of the patient. An AI algorithm based on body surface detection analyses the image of the patient 
obtained by an infrared 3D camera and automatically adjusts the table height to position region of interest at 
the center. There is a significant reduction in the error of positioning with automatic individualized AI-based 
positioning algorithm as compared to manual positioning [2, 3].  
 
2. Scan positioning: AI algorithms accurately determine the selected protocol's scan range based on 
recognizing specific human anatomy from the localizer. It is more accurate and optimal than the manual 
selection of the scan range by the operator and avoids overshooting the scanned area, and optimizes the dose. 
 
3. Parameter Selection: Automatic exposure control (AEC) selects various parameters to optimize the CT 
examination based on simple machine learning (CT dose reduction). An AI algorithm is developed to predict 
the contrast enhancement curve in the vessels and forms the basis for scan acquisition time after contrast 
injection to optimize the contrast enhancement [4]. It provides better uniformity of contrast enhancement and 
decreases in the dose of iodinated contrast media and injection rate. 
 
4. Image reconstruction: AI uses deep learning based on a convolutional neural network (CNN) to 
reconstruct the image and reduce noise, known as denoising. AI algorithms recognize noise and subtract 
them from acquired images to improve the image quality. It can thus also reconstruct the image from a 
relatively low dose CT scan and reduce metal artifacts [5]. AI generates high-quality reconstruction at great 
speed. 
 
5. Real-Time Monitoring of Patient Dose with Dose Management Software: Dose monitoring software 
has developed in CT to address radiation protection and increase awareness. Dose check software estimates 
the radiation exposure during the procedure with the AEC's parameters and intimates the technologist if the 
radiation dose is likely to exceed the threshold. The dose management software is linked to the scanner and 
records and reports the radiation dose details after completing the procedure and notifying if the threshold 
exceeds. It also provides a comparative report with the dose of other patients. The dose management software 
also provides information on patients centering, repeat examination due to artifacts, and previous 
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examination exposure history. It records information from various imaging modalities the patient undergoes 
[6] [7].

Reducing the radiation output in intervention radiology 
AI-enabled fluoroscopy system recognizes the catheters, guidewires, and contrast. It can also recognize the 
relatively small area of interest during the generated images and sub-select these areas through ultrafast 
collimation. AI-enabled fluoroscopy significantly reduced the patient’s radiation dose and scatter radiation 
to health personnel [8].  

Advances in dosimetry 
Recent technological advancements have increased the role of interventional radiology in health care. 
However, there is an increase in the risk of radiation exposure to the operator. Inhomogeneous scatter 
radiation field increases the currently used physical dosimeter's uncertainty to measure dose delivered to 
different parts of the body [9]. Technology advances have led to Active Personal Dosimeters (APD) 
development that provides real-time feedback on medical staff's exposure during an intervention technology. 

PODIUM project (Personal Online DosImetry Using Computational Methods), a funded research project by 
the "CONCERT-European Joint Programme for the Integration of Radiation Protection Research," 
developed a tool to calculate the radiation doses in real-time [10]. 

The effective dose calculation uses technologies like a three-dimensional flexible computational human 
phantom, a motion tracking system, scanning the geometry set up, and Monte-Carlo simulations of radiation 
transport [11]. The results are promising and will eliminate physical dosimeter and be more effective in 
workplaces with inhomogeneous scatter radiation. 

Conclusion: 

Modern technology and artificial intelligence reduce radiation exposure and increase the awareness of 
radiation protection and holds a promise for the future to provide further benefit.  
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Chapter 1: Issues of Tissues 
 

Formalin fixed paraffin embedded (FFPE) tissues are the most invaluable and widely available representative 
source of material used in surgical pathology which houses vast amount of information. It is the most 
resourceful archival material with immense utility in molecular testing and research in oncology.1 

 
With rapidly diminishing translational gap for molecular and digital pathology, preanalytical factors prove 
to be vital and pivotal to protect integrity of biospecimen for downstream analysis which impact precision 
oncology. Current workflow of surgical pathology viz. specimen collection, fixation, tissue processing, 
sectioning, and staining can potentially influence the results of several downstream applications including 
molecular testing and digital pathology. 
 
First and foremost, in cancer diagnosis, is tissue procurement. To maximize benefit from the tissue, a shift 
in practice to view biopsy primarily as a tool for histological diagnosis to one where it is utilized for 
additional ancillary, molecular testing and ultimately a patient-centric treatment decision is the cardinal step. 
Adequate sampling, obtaining multiple tissue cores, from different areas (to address intra-tumoural 
heterogeneity issue), splitting and embedding tissue cores in multiple blocks, rapid on-site evaluation 
(ROSE) for immediate assessment of tissue adequacy minimizing the rates of tissue insufficiency and 
subsequent re-biopsy are some of the steps which can tackle the issue of available representative material for 
subsequent downstream analysis.2 
 
The FFPE specimen has emerged as the most preferred option for molecular diagnostic assays because of 
the ease of use, accessibility and storage.3 Numerous studies have reported the feasibility of using DNA from 
FFPE samples with both conventional PCR-based and NGS technologies. However, archived FFPE tissues 
present many technical challenges. These issues ranging from formalin fixation leading to cross-linking of 
nucleic acids to proteins and other cellular constituents, leading to varying degrees of DNA fragmentation.4 
Moreover, age-related changes in pH can lead to the oxidation of formalin to formic acid, causing base 
purination and strand breaks.5 An additional challenge seems to be limited quantity of nucleic acid obtained 
from FFPE. Many researchers have also shown that the quality of FFPE DNA can significantly affect 
downstream genomic applications. In addition to the formalin fixation induced fragmentation leading to low 
amounts of amplifiable template for PCR amplification; other key concern is the presence of artefacts, 
impeding mutation detection and variant calling.6 Thus, the scope of the molecular techniques is majorly 
dependent on the quality of the nucleic acid extracted from the sample. 

The CAP Personalized Healthcare Committee (PHC) of the CAP established the Pre-analytics for Precision 
Medicine Project Team (PPMPT) to develop a basic set of evidence-based recommendations for pre-
analytics for both tissue and blood specimens that could be implemented to ensure integrity of biomolecules 
in routine molecular pathology practice.7 For tissue, the following key pre-analytic factors have been zeroed 
in and recommendations are in place e.g. Cold ischemia time (1hour or less), fixation in 10% neutral buffered 
formalin with pH 7.0, no acid decalcification step, thickness of specimen not to exceed 4-5mmwhile 
grossing, fixative volume to tissue mass ratio of10:1, standardized tissue processing, use of low melt paraffin 
(600 C), storage in dry, pest free environment.7,8 Documentation of the above processes and any deviation 
thereof is necessary. 
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FFPE tissue is considered a problematic starting material for most molecular genetic techniques. 
Furthermore, the quality of the FFPE tissue-extracted DNA sample is also influenced by the extraction 
method chosen. The process of nucleic acid extraction from FFPE tissues mainly involves deparaffinization, 
enzymatic digestion followed by purification and alcohol precipitation.9 Several protocols are designed for 
effective DNA extractions that are based on different principles where the amount of DNA obtained and its 
quality is variable for each method. Different conventional methods and commercially available kits are 
employed by different molecular laboratories for extraction of DNA.  
 
Some studies have demonstrated comparisons between column-based methods vs. magnetic bead methods 
for DNA extraction from FFPE tissues, while others have compared the efficiency of different ready-to-use 
commercially available extraction kits. Furthermore, performance of automated methods and manual 
methods by comparisons based on hands on time involved has also been reported. Although from the 
consensus data there is information about performance of commercial kits and in-house methods in terms of 
quality/quantity of DNA, there is scarce data regarding improving quality of nucleic acid for downstream 
applications where length of the amplicon is a crucial factor. 
 
Hence for obtaining maximum accuracy, it is very crucial that the starting material has adequate 
representative tumour tissue and is of good quality primary fixation and tissue processing. The molecular 
laboratories should ensure protocols which have been standardized and validated based on the available 
FFPE tissue from the respective laboratories and work towards obtaining optimal yield of nucleic acid using 
those extraction protocols. The variation or deviations in protocol to circumvent issues like poor fixation or 
low yield should be recorded and followed by all the staff members in the laboratory in order to ensure 
uniformity in results obtained as these nucleic acids, their integrity and quality lays the foundation for the 
further downstream processing for any molecular assays.  
 
Similarly, in digital pathology, quality of digital image is dependent on quality of input i.e., glass slide. Some 
of the technical considerations include, to keep standard section thickness (3 – 5 μm) while cutting paraffin 
blocks, to maintain optimum staining (neither faint, nor excess, no background), and ensuring flat tissue 
section (no fold, wrinkles) without any air bubbles beneath coverslip.10,11 

 
The slides should be clean and inspected for overhanging labels, or excess mounting medium. The slides 
should be free from any loose debris, or fingerprints from the upper and lower surface. The technologist 
needs to check for cracks or chips in the slide, particularly at the corners. Any loose glass shards could fall 
off during scanning and damage the scanning process. It is advisable to wait until slides are fully dry before 
loading into the scanner. 10,11 
These simple steps will ensure conversion of high-quality glass slides into high quality virtual slides for 
myriad applications viz. diagnosis, education, quality assurance and artificial intelligence (AI) based 
analysis.10,11 

 

To lend an added dimension, in diagnostic pathology, tumour morphology observed on standard H&E-
stained slide is used for its characterization. It reflects the sum of all temporal genetic and epigenetic 
alterations in tumour cells, thereby providing incredible and immense utility for predicting tumour biology 
and clinical behaviour. Currently most predictive tests are based on complex and exorbitant high-end assays. 
Apropos of this, there has been growing interest in extracting and identifying discriminating morphologic 
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features, using AI based tools and algorithms, from routine H&E images that can help prognosticate and 
predict disease outcomes. The successful validation of these H&E-based tests and establishing a connection 
between “genome and phenome” and vice versa could have a significant impact in low- and middle-income 
countries that do not have access to the more expensive, complex sophisticated, molecular-based prognostic 
and predictive tests and assays. However, issues of tissues need to be addressed first before embarking on 
this novel journey. 
 
To summarize, precision oncology is neither a silver bullet nor is it a dream, it is a reality and has its successes 
and failures! However, there is absolutely no iota of doubt that practice of precision oncology requires 
precision pathology, the foundation of which is formed by pre-analytics. 
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Advanced Molecular Diagnostics 

Chapter 2: Next Generation Sequencing in the Clinic 
 

The increased discovery rate of clinically relevant biomarkers because of extensive characterization of cancer 
genome has necessitated the testing of multiple genes in tumour as the standard-of-care. The revolutionary 
next-generation sequencing (NGS) technologies due to their massively parallel sequencing capability enable 
the simultaneous screening of multiple genes in multiple samples. NGS can provide simultaneous screening 
of a variety of genomic aberrations such as single-nucleotide variants (SNVs), multiple-nucleotide variants 
(MNVs), small and large insertions and deletions, and copy number variation (CNVs) of the genes. 
 
NGS assays can be developed to target the genome at various scales (whole genome, whole exome, 
transcriptome, targeted panels) and prove to be a key component toward realizing effective stratified 
oncology. There is considerable variability across targeted NGS in terms of choice of panels, method of 
detection, amount of input material. All these variabilities offer complexities in adapting this technology into 
routine practice.  
 

I) Types of NGS assays 
 
Whole genome sequencing (WGS): 

It is the massively parallel sequencing of the entire genome which yields tremendous data output but 
currently relevant only in research setting and not feasible for clinical diagnostics. 

 
Whole exome sequencing (WES): 

This is a genomic technique for sequencing all the protein-coding regions of genes in a genome (known as 
exome). WES is an efficient method to identify possible disease-causing mutations, however, it tends to 
miss DNA variations outside the exons. Analytical specificity may also be compromised with less depth 
of coverage and hence is not a preferred choice when it comes to clinical utility in diagnostic settings.1 

 
Whole transcriptome sequencing (RNAseq): 
This technique examines the sequences of RNA and analyses the transcriptome of gene expression patterns 

encoded within the RNA. It is a promising alternative to microarray and has several advantages.2 

 
Targeted disease specific panels: 

Targeted sequencing is a popular approach to detect known and novel variants in selected sets of genes or 
mutational hotspots. It is a rapid and a cost-effective way withwell-established studies on sensitivity, 
specificity, precision, and reproducibility of such panel-based testing in clinical settings.3-5. 
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II) Sequencing Platforms 
 
Currently available commercial platforms are based on the ability to perform many parallel chemical 

reactions in a manner that allows the individual products to be analyzed. Chemistries include sequencing 
by synthesis or sequencing by ligation with reversible terminators, bead capture, and ion sensing. 
Depending upon the clinical utility, availability of funds and infrastructure, the laboratory can decide on 
which platform is suitable for use. (Table 1) 

 

 
Table 1: Different types of sequencing platforms and the method of sequencing and their pros and 

cons of each platform (*GB- Giga Base pairs)  
 

Platform Method of Sequencing  Pros Cons 
Illumina Sequencing by Synthesis – 

cyclic reversible 
termination technology 
Paired end sequencing  

High throughput, low 
cost per Gb data. 
High accuracy 

Short Read Length, high 
instrument cost 

Ion Torrent Ion Semiconductor 
Sequencing technology- 

Low Instrumental and 
operational cost. 
Short execution 
time. Simple 
machine 

Error rate not very 
good. Moderate cost 
per Gb data. More 
hands-on time  

Pacific Bioscience  Single Molecule Real time 
long read sequencing  

Longest reading length 
available. Short 
Instrument 
execution time  

High error rate. High 
cost per Gb data. 
Many methods are 
still under 
development. 

Oxford Nanopore Single molecule Real time 
long read sequencing  

Small, portable, and 
low-cost instrument  

High error rate. Biased 
errors. High cost per 
reading 

Complete 
Genomics BGI 

Sequencing by Ligation  
-DNA nanoball Sequencing 

Mate pair library   

Low cost per run, short 
execution time, 
large amount of 
data, error rates low  

Short read length 

Gene Reader 
(Qiagen) 

Sequencing by Synthesis, 
Single Nucleotide addition 
 

High Throughput, 
reduced manual 
intervention, 
complete solution 
from extraction to 
data analysis  

Closed system, High 
Cost  
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III) NGS workflow 
 

Quality Parameters 

NGS is a multistep assay starts with the selection of the appropriate sample, tumour enrichment followed by 
target enrichment and library preparation, followed by sequencing and data analysis. 

 
Preanalytical Factors 

The sample type frequently used for analysis of solid tumours is formalin-fixed paraffin-embedded 
(FFPE)tissue. The Hematoxylin and eosin (H&E) stained slides of the representative tumour sections are 
reviewed to quantify approximate tumour content. NGS workflows require a quality control (QC) step; 
wherein UV spectrophotometry can be used for purity assessment and fluorometric methods for nucleic 
acid quantitation. 

 
Analytical Factors 

Guidelines for validation of acceptable types of specimens and extraction methods used for NGS testing 
currently exist.6,7 For a successful NGS set up, 50-60 ng of good quality DNA/RNA is required as a 
starting material.3 

 
Approaches for Target Enrichment 

Amplicon-based methods are convenient for smaller gene panels but are susceptible to imbalanced sequence 
coverage across targets and artefacts such as random sequence mismatches introduced by polymerase 
errors. The coordinates of the amplicons are fixed, and invariant, amplicon-based library preparation 
provides inaccurate estimates of the number of unique input DNA molecules being sequenced because 
of PCR inflated coverage.  

 
Hybridization-based target enrichment uses complementary target-specific DNA or RNA oligonucleotide 

‘baits’ to hybridize and snare genomic DNA (fragmented due to enzymes or due to physical shearing). 
Hybridization capture is relatively more suitable for degenerated degraded FFPE DNA, because use of 
affinity-based enrichment only requires partial overlap of capture probes with region of interest, wherein 
amplicon PCR is unable to amplify DNA fragments where either one or both of the primer binding sites 
are degraded. Hybridization capture prevents issues of allele dropout, generally observed using 
amplicon-based libraries. The probes hybridizing to the region of interest are within longer fragments of 
DNA, in the flanking regions of the target are amplified and sequenced. Hybridization capture based 
libraries have an advantage over amplicon-based libraries as it enables interrogation of neighboring 
regions that may not be easily captured with specific probes. 
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Figure 1: The Basic NGS workflow encompassing pre- and post-analytical parameters. 

 

Importance of NGS Bio-informatics Pipeline  
 

NGS data analysis should be performed using robust bioinformatics pipelines. A bioinformatics pipeline is 
composed of a wide array of software algorithms to process raw sequencing data and generate a list of 
annotated sequence variants.8,9 

 
Identification of true genetic alterations and variants, processing of the raw data and basic alignment, 

annotations of the genetic variants detected in the assay play a paramount role in providing diagnostic 
solutions using the NGS assay. 

 
The data analysis pipeline includes base-calling as the first step, in which the base sequence is assigned using 

the signal read-out. This is followed by alignment of the sequence reads to a reference genome. 
 
However, it is extremely important for the laboratories offering NGS based diagnostics to get the 

bioinformatics pipeline also validated as per the recommended guidelines.9The bioinformatics pipeline 
validation should be appropriate and applicable for the intended clinical use, specimen, and variant types 
which have been designed to be detected by the test.9-11 

 
The NGS bioinformatics data should be analyzed and interpreted only by a qualified healthcare professional 

following advanced molecular training and certification in analyzing and validation of the bioinformatics 
pipeline as per recommended guidelines.  
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Variant Interpretation 
 
A variant is considered as a biomarker which affects clinical care. The biomarker will be of clinical utility if 

it can predict sensitivity, resistance, or toxicity to a specific therapy, alters the function of the gene, which 
can be targeted by approved or investigational drugs.  

 
Somatic variants include SNVs, indels, fusion genes resulting from genomic rearrangements, and CNVs. 

The results of variant calling are typically represented in one of the several standardized formats, such 
as the clinical variant call format (VCF), genomic VCF, and general feature format (alias gene finding 
format or generic feature format). However, the most common one being the VCF format.10 

Based on the available evidence as well as significance on the clinical decision making, the variants have 
been classified into different categories as per the joint consensus and recommendations of AMP, ASCO, 
and CAP as mentioned below. (Figure 2) 

 
a. Level A Biomarker:   
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Predict response or resistance to US FDA-approved therapies for a specific type of tumor or have been 
included in professional guidelines as therapeutic, diagnostic, and/or prognostic biomarkers for specific 
types of tumours. 

b. Level B Biomarker:  

Predict response or resistance to a therapy based on well-powered studies with consensus from experts in the 
field or have diagnostic and/or prognostic significance of certain diseases based on well- powered studies 
with expert consensus. 

c. Level C Biomarker:  

Predict response or resistance to therapies approved by FDA or professional societies for a different tumor 
type (i.e., off-label use of a drug), serve as inclusion criteria for clinical trials, or have diagnostic and/or 
prognostic significance based on the results of multiple small studies 

d. Level D Biomarker:  

Plausible therapeutic significance based on preclinical studies or may assist disease diagnosis and/or 
prognosis themselves or along with other biomarkers based on small studies or multiple case reports with 
no consensus.3 

 

Figure 2: Tier based classification of biomarkers based on the recommendations of AMP, ACMG 
and CAP.7 

 

Reporting CNVS 

It should be reported as amplification detected for gene XXX/ no indications for the 
amplifications/inconclusive, or additional testing required depending upon the data. While reporting 
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CNVS it is important include quantitative information like coverage of the assay and assay limitations. 
The drawback of NGS based CNV determination is to detect low-level copy number gains and/or high-
level amplifications in specimens with low neoplastic cell percentages. Here the quality metrics of the 
assay encompassing all the preanalytical, analytical and post analytical factors is very important.12 

 

Interpretation and Reporting recommendations 

Variant should be classified into the 4-tiered system. Tiers I-III must be reported in descending order of 
clinical importance. It is not recommended to include Tier IV or "benign/likely benign" 
variants/alterations in the report, however, it should be made available. Pertinent “negatives” should be 
reported, in a disease-specific manner. All detected genetic alterations should be annotated and reported 
as designated by the HUGO Gene Nomenclature. (http://www.genenames.org). Clinical significance of 
the variant should be clearly described in the interpretation. References such as publications and database 
should be appropriately cited for further information.3,13. 

 

 
Table 2: A selection of Next Generation Sequencing Platforms and other genetic companion 

devices.14 

 
Platform Genes 

Assess
ed 

FDA 
Appr
oval 

Mutations 

FoundationOne CDX (Foundation 
Medicine) 

324 Yes Copy number alterations, gene fusions, 
MSI, TMB, PDL-1 (IHC) 

MSK IMPACT (Integrated Mutation 
Profiling Of Actionable Cancer 
Targets) (Memorial Sloan Kettering) 

468 Yes Somatic single nucleotide variants, 
insertions, deletions, and 
microsatellite instability 

Oncomine Dx Target Test (Thermo 
Fisher) 

46 Yes DNA single-nucleotide variants (SNVs) 
and deletions in 35 genes, and RNA 
sequence variations from 21 genes 
(Non-small cell lung cancer) 

Caris Molecular Intelligence CDX (Caris 
Life Sciences) 

592 Partial DNA: copy number alterations, MSI, 
TMB 

RNA: gene fusions, mRNA variants    
Oncomine Comprehensive Assay 

(Thermo Fisher) 
161 – DNA sequencing: copy number 

alterations, gene fusions 
Trusight Oncology 500 (Illumina) 523 – DNA + RNA assay for assessment of 

small variants, TMB, MSI, splice 
variants, and fusions 

http://www.genenames.org/
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FoundationOne Liquid 70 – Plasma: DNA sequencing: copy number 
alterations, specific gene fusions for 
lung malignancies, MSI 

Guandant360 (Guardant) 76 – Plasma: DNA sequencing: copy number 
alterations, 6 gene fusions 

Genetic Companion Devices 
Praxis Extended RAS Panel (Illumina) 2 Yes K-ras and N-ras (colorectal cancer) 
Therascreen KRAS RGQ PCR Kit 

(Qiagen) 
1 Yes K-ras (colorectal cancer) 

BRACANALYSIS CDX (Myriad Genetic 
Laboratories) 

2 Yes BRCA1, BRCA2 (Ovarian and Breast 
cancers) 

FoundationFocus CDX BRCA Assay 
(FoundationOne) 

2 Yes BRCA1, BRCA2 (Ovarian cancer) 

Therascreen EGFR RGQ PCR KIT 
(Qiagen) 

1 Yes EGFR (Non-small cell lung cancer) 

COBAS EGFR Mutation Test V2 (Roche 
Molecular Systems) 

1 Yes EGFR (Non-small cell lung cancer) 

THXID BRAF Kit (Biomérieux) 1 Yes BRAF (Melanoma) 
COBAS 4800 BRAF V600 Mutation Test 

(Roche Molecular Systems) 
1 Yes BRAF (Melanoma) 

Therascreen FGFR RGQ RT-PCR Kit 
(Qiagen) 

1 Yes FGFR (Urothelial cancer) 

Therascreen PIK3CA RGQ PCR Kit 
(Qiagen) 

1 Yes PIK3CA, tissue and plasma (breast 
cancer) 

Myriad MYCHOICE® CDX (Myriad 
Genetic Laboratories) 

Combined 
assay 

Yes Loss of heterozygosity (LOH), 
telomeric-allelic imbalance (TAI), 
large-scale state transitions (LST) 
(ovarian cancer) 

 

Post Analytical Factors 

Reports should be static, and the date of issue should be clearly mentioned. It should clearly mention the 
gene panel used, pre, analytical and post analytical details, methodology used and performance 
characteristics (limit of detection, assay limitation, sequencing depth coverage, annotations used). 

 

Validation of the NGS Runs 

Use of appropriate controls is extremely important in every NGS run for a successful validation. The 
commercial reference controls with different levels of variant allelic frequencies (VAF) can be used to 
for validation.15 A no template control should be always used for library preparation and should be 
incorporated in every run to ensure absence of carryover contamination or contamination in the reagents. 
Validation of the assay will include determination of the following quality parameters. (Table 3) 
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i. Positive Predictive Value (PPV): PPV is the proportion of detected variants that are true positives.4,16. 
ii. Limit of Detection (LOD): The lower LOD (LLOD) could be defined as the minor allele fraction at 

which 95% of samples would reliably be detected.1,17. 
iii. How many samples to run for the validation: There are no specific recommendations as such for 

testing exact number of samples. ACMG has no specific recommendations as to how many samples need 
to run. CAP recommends at least 20 samples need to run and CDC recommends nearly 30 samples.1,4,17,18. 

 

Figure 3: When to order NGS test14 

Table 3: Core Quality metrics during validation of NGS runs.5 

Core quality 
metric 

Validation parameters Ongoing quality control 

Nucleic acid quality 
and quantity 

Minimum criteria to ensure accurate variant 
detection and reproducible results depending 
on the established sensitivity of the assay.  

A plan for ongoing monitoring must be 
established. 

Library 
qualification 
and 
quantification 

The laboratory must standardize protocols for 
library qualification and quantification.  

The fragment sizes of the library -
within the expected molecular 
weight narrow range.  

Depth of coverage Requirements vary depending on the platform 
used and the application. 
Coverage must be defined to achieve 
adequate sensitivity and specificity  

Ongoing measures should be taken to 
monitor the overall coverage and 
region coverage in each run.  

Uniformity of 
coverage 

The required level of coverage across the 
targeted regions must be defined. 

The uniformity of coverage must be 
monitored and compared to the 
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Role of Molecular Tumor Board (MTB) 

The systematic interpretation of large amounts of NGS data, aiming to translate molecular alterations into 
clinical indications, remains challenging and has been addressed with the implementation of MTB.19 
MTBs are multidisciplinary meetings where molecular reports are discussed for  precision management 
of patients form all perspectives (diagnostic radiology, histopathology, molecular pathology, surgical, 
medical andradiationoncology team)  to reach a consensus on understanding the molecular biomarkers, 
further clinical implications and consider alternative treatment options for patients who are refractory to 
standard-of-care systemic therapies.20 

Conclusion 

Molecular diagnostics is a dynamic field, with continuous evolution of testing algorithms and technology. 
The knowledge of emerging biomarkers needs to be constantly updated with the novel alterations or 
variants of potential significance being unraveled. Personalized/precision medicine has reached a stage 
where there is no concept of one size fits all. Hence the onus is on the laboratories performing these tests 
to judiciously use the clinical material and perform the test as per the recommended practice after 
thorough validation and analysis of the data. The paramount responsibility is borne by molecular 
diagnostics professional who should correctly identify and classify the variant and release the NGS 

levels established during the 
validation.  

GC bias GC content affects sequencing efficiency and the 
uniformity of coverage of the targeted 
regions. The extent of GC bias should be 
determined during validation. 

GC bias should be monitored with 
every run to detect changes in test 
performance or sample quality 
issues. 

Base call quality 
scores 

The laboratory must establish acceptable raw 
base call quality score thresholds for the 
assay during validation.  

Quality scores and quality of 
signal/noise ratio should be 
monitored in every run.  

Mapping quality Parameters for mapping quality must be 
established during validation  
Steps should be established to filter reads 
that map to nontargeted regions. 

The proportion of reads that do not 
map to target regions must be 
monitored during each run.  

Duplication rate Acceptable parameters for maximum duplication 
rate should be established for each assay.  

The duplication rate should be 
monitored in every run and for 
each sample independently. 

Strand bias Laboratory must define the tolerance level for 
strand bias and outline specific criteria for 
when alternate testing should be instituted. 

The degree of strand bias must be 
monitored in all samples. 
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report. The testing laboratories make use of the recommended guidelines as well as relevant literature as 
a learning tool to expand the testing capabilities and utilize them effectively for better patient care 
management.  
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Chapter 3: Advanced Molecular Diagnostic Techniques for Solid Tumours: Integration in Clinical 
Practice 
 
Molecular testing of solid tumors has now become an indispensable component of pathology for both 
diagnostics and research purposes and has potential to facilitate the translation of research into routine 
practice.1 While conventional diagnosis is based on clinical and histopathological features, molecular 
analysis to identify specific markers has become standard of care practice in solid tumour diagnostics for 
decision making thus acting as an adjunct for diagnosis of complex tumors e.g. Soft tissue sarcoma and 
prognosis and treatment decisions for cancers such as Breast and lung cancer.2 Besides the classic 
conventional molecular techniques like polymerase chain reaction (PCR), quantitative PCR, fluorescent in 
situ hybridization (FISH) and sanger sequencing, advancements in molecular genetics, innovation in 
technology have led to increase in the volume and complexity of molecular diagnostic assays at an 
unprecedented rate. 
 
These high throughput techniques such as Multiplex Ligation Dependent Probe amplification (MLPA), 
Droplet digital PCR(DDPCR), Next generation sequencing (NGS), nCounter technology have provided 
seminal insights into the molecular classification of certain tumourse.g., breast cancer, lymphomas, CNS 
tumors.2 

 
These methods have improved sensitivity, accuracy, and detection time. Advanced molecular 
diagnosticsplays substantial role in the clinical molecular testing that uses genomic, epigenomic, and 
transcriptomic-based tools.3 

 

MLPA 
 
Detection of gene deletions/duplications and copy number variations (CNV) have become important 
diagnostic marker in various cancers such as in gliomas, neuroblastomas, breast cancers. Of the different 
methods used for this, MLPA has gained lot of interest in several molecular diagnostic laboratories. It is a 
variant of multiplex PCR which consists of pair of probes complementary to the target sequence and can 
detect up to 50 different target sequences in a single tube assay. MLPA assay can be used not only to detect 
copy number changes but also can detect DNA methylation, small rearrangements, and alterations.4 

 
Clinical Utility 

1. Copy number changes - MLPA assay has helped categorize tumors such as neuroblastomas into high 
and low risk category based on copy number status and segmental chromosomal aberrations.5 Few 
studies have also employed MLPA to detect HER2/neu amplification which is predictive marker for 
breast cancer therapy and shown good concordance with FISH technique.6 
 

DNA methylation - A modification of MLPA i.e., Methylation specific (MS) MLPA has been developed 
for the assessment of methylation status of specific genes such as MGMT, TIMP3, and CDKN2A in 
different solid tumors.7 
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Hereditary cancer - Gene aberrations identified in human cancer predisposition genes (BRCA1, BRCA2, 
etc.) have also been detected using MLPA.8 
 

Droplet Digital PCR (DDPCR) 
 
DDPCR performs massive sample partitioning in which a PCR sample is partitioned into 20,000 droplets 
(using oil in water emulsion principle) containing single DNA fragment. Each droplet contains PCR mix and 
assay primers enabling PCR amplification of the DNA fragment within the droplet. Each droplet is 
subsequently analyzed on droplet reader detecting PCR-positive droplets using fluorescent based detection 
system.DDPCR provides an absolute measure of target DNA molecules with unrivaled accuracy, precision, 
and sensitivity.9  

 
Clinical Utility 

1. Mutation detection: Common hotspot mutation detection such as BRAFV600 in colorectal and 
melanomas, EGFR mutations in NSCLCs and TERT promoter mutations in various solid tumors with 
sensitivity up to0.05-0.01%.10 

2. Monitoring of the disease and routine follow up: Detection of early recurrence and evaluating minimal 
residual disease. For example, detection of resistance mutations such as EGFR T790M and monitoring 
NSCLCs.11 

3. Rare sequence detection: Rare event detection requires the amplification of single gene in a complex 
sample. DDPCR can detect rare mutations or sequences present at frequencies as low as 1 in 100,000.12. 

4. Liquid Biopsy: It will be an integral tool in detecting circulating DNAs and profiling of CTCs obtained 
from liquid biopsies.13 

5. Copy number variation (CNV) and Gene expression and miRNA analysis: DDPCR provides absolute 
quantification of expression levels, especially low-abundance miRNAs, with sensitivity and precision 
and measures absolute quantities of a gene transcript and its abundance in response to stimuli or disease.13 
 

nCounterTechnology 
 
The nCounter technology is a robust and sensitive method developed by Nanostring Technologies which 
enables the counting of unique transcripts in each sample and has significant multiplexing power to 
measure up to 800 RNA, DNA, or protein targets in every sample. It is one of the most powerful 
molecular diagnostic tools for detection of multiple genetic alterations in one run, especially with FFPE 
tissues.nCounter Nanostring technique relies on relatively short pairs of probes and requires minimal 
(~100 ng of RNA) input. This technique employs a unique pair of capture and reporter probe (35-
50bases) which are specific to each gene of interest. A capture probe is coupled with biotinylated tag for 
hybridization process whereas a reported probe is coupled with 6 color code of specific fluorophore. The 
order of these different color fluorophores provides a unique identity to each target gene. This does not 
involve reverse transcription of RNA and enzymatic amplification as the level of expression is directly 
quantified based on number of each specific code hybridized to the RNA sample. This method provides 
a sensitive, easy to use and cost-effective approach for gene expression and molecular studies.14 
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Clinical utility 

This assay has a wide range of potential applications ranging from gene expression to gene regulatory 
pathways studies, ultimately leading to the translation of the data for clinical use.  

1. Fusion detection: Nanostring platform also enables detection of multiple fusion genes with multiple 
fusion partners from FFPE tissues with high sensitivity and specificity. Fusion panels for various solid 
tumors such as non-small cell lung carcinomas, sarcomas, have been developed to detect rare fusions in 
a single reaction.15 

 
 

Table 1: Comparison between MLPA, DDPCR and nCounter technology3 

 
Method  Brief outline of 

method 
Advantages Disadvantages Resolution Main use 

DDPCR  
 

PCR 
amplification 
within droplet 
generated from 
water-oil 
emulsion 

Low DNA 
input required 
 

Minimal 
multiplexing 
ability, cannot 
detect 
polyploidy. 
 

Targets 
regions of less 
than 100 bp 
possible. 

Gene 
expression 
studies, copy 
number 
analysis, 
mutation 
detection 

MLPA PCR 
amplification of 
hybridized probes 
using universal 
primer 

Multiplexing 
capacity 

Good quality of 
DNA required 

150bp Copy number 
analysis, 
Chromosomal 
segmental 
aberrations 
Methylation 

nCounter 
technology 

Absolute 
quantification of 
probes hybridised 
to 
target region 

Multiplexing 
up to 800 
targets, no 
amplification 
involved 

Specific 
instrument 
required 

Detects 0 to 4 
copies 
of minimum 
100 bp 
target regions 

Gene 
expression 
studies, fusion 
detection 

Gene Expression Profiling 

Gene expression profiling is the measurement of the activity of mRNA of multiple target genes to identify 
expression pattern of cellular function. It is widely used for classification, diagnosis, or prognosis of different 
diseases and to determine the treatment options in tumours such as breast cancer. Different approaches are 
currently being used for gene expression profiling viz. qRT-PCR, DNA microarray, nCounter and RNA-Seq, 
each method with its strength and limitations. 
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Clinical utility 

1. Microarrays have been extensively used in gene expression profiling in various solid cancers. One such 
example is Mamma Print 70-gene signature16 which helps in prognosis and predicts the disease-free 
survival and overall survival in lymph-node negative patients.  
 

2. On similar aspects Nanostring has developed PROSIGNA 50-gene assay for risk prediction of breast 
cancer.17Nanostring technology has also been utilized to design 25-gene signature for medulloblastoma 
molecular profiling and is widely being used in routine molecular diagnostics.18 
 

3. NGS has also been used for RNA sequencing for gene expression profiling, tumor specific signature 
development and in transcriptomic studies in lung adenocarcinomas and other solid tumors.19 

 

 
Table 2: Comparison of different methods of gene expression profiling20 

 
Assay qRT-PCR DNA 

Microarray 
NanoStringnCounter Illumina MiSeq 

RNA-Seq 
Primer/probe 
design 

Gene-specific primer 
with attached quencher 
and reporter 
fluorophores; SYBR 
green 

DNA oligo 
probes 
complementary 
to cDNA 
samples 

Capture probe with 3' 
affinity tag and 
Reporter probe with 
colour-coded tag 

Primers on flow cell 
and adaptors to 
ligate to ends of 
sample 

Sample 
preparation 

RNA extraction: reverse 
transcribe sample 

RNA 
extraction: 
reverse 
transcribe 
sample, 
fragmentation 

RNA extraction RNA extraction: 
reverse transcribe 
sample; 
fragmentation, 
library construction 

Reproducible Yes Yes Yes Yes 
Sensitivity 10-200 copies/cell 1-10 

copies/cell 
<1 copy/cell <1 copy/cell 

Number of 
genes or 
transcripts 
detected 

1-100 50 000 800 Whole transcriptome 

Up to sample# 
per assay 

1-96 1-12/array 12 96 

Processing time ~2 days ~1 week ~2 days ~3 weeks 
Normalization 3-5 housekeeping genes Housekeeping 

genes; RMA; 
LOWESS 
method 

Housekeeping genes; 
positive controls 

RPKM 
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Data analysis Absolute and relative 
quantification; standard 
dissociation curve; 
statistical tests 

Visualization; 
statistical tests 

Colour-coded images 
are taken and output 
as code counts 

Data output as 
sequenced reads 
with quality scores 
or read alignments 

 

Methylation Profiling 
 
Epigenetic changes especially methylation has emerged as important biomarker in clinical oncology with 
increased scope in tumour diagnosis, prognosis, and therapy. O6-methylguanine DNA methyltransferase 
(MGMT) promoter in glioblastomas and BRCA1 in breast cancers are the commonly studied markers to 
predict response to chemotherapy. In addition to role in diagnosis and therapy decision, it is now considered 
to be prognostic marker in some cancers.21 Methylation status of MLH2 gene has been already considered 
in classification of colorectal cancer.22 Conventional methylation specific PCR and restriction fragment 
length polymorphism were mostly used by methylation detection of single gene. However, with newer 
technologies of microarray and sequencing, genome wide methylation profiling has become possible. 
Methylation profiling helps to understand the gene regulation pattern and epigenetic mechanism and its 
interactions behind the cancer progress. These methods fall into two broad categories of bisulfite conversion 
based and bisulfite conversion free methods. 

 

Table 3: Comparison of methylation profiling approaches23 

 

Methods Strength Weakness Resolution 
Pyrosequencing -Good for heterogeneous sample 

- Sensitivity till 5% 
-Suitable for both CpG poor and 
CpG rich regions 

High quality primer design 
Requires deeper PCR 
optimization 

~100 bp 

Methylated DNA 
immunoprecipitation 
(MeDIP) 

-Cost-effective 
-No mutation introduced 
-Specific to 5mC/5hmC depending 
on the antibody specificity 
-More sensitive in regions with low 
CpG density than MBDCap-Seq 

-Biased toward 
hypermethylated regions 
-Do not identify individual 
5mC sites 
-Inability to predict absolute 
methylation level 

~100 bp 

Illumina’s Infinium 
Methylation array 

-Cost-effective 
-Do not require a large amount of 
input DNA 

-Human sample only 
-Coverage is highly dependent 
on the array design 
-Substantial DNA degradation 
after bisulfite treatment 

Single base 

Whole genome 
bisulfite sequencing 

Evaluate methylation state of 
almost every CpG sites 

-High cost 
-Substantial DNA degradation 
after bisulfite treatment 
-Cannot discriminate between 
5mC and 5hmC 

Single base 
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Comprehensive 
high-throughput 
arrays for relative 
methylation 
(CHARM) 

-Cost-effective 
-Interrogate CpG sites genome-
wide irrespective of proximity to 
genes or CpG islands 

-Moderate resolution 
-Limited to regions in 
proximity to enzymes’ 
recognition sites 

– 

 

Single Cell Sequencing (SCS) 
 
Next generation sequencing (NGS) has emerged as powerful method for comprehensive mutation profiling 
of multiple targets. Different approaches of NGS such as whole exome sequencing, RNA sequencing and 
targeted sequencing have been used to identify genetic changes. SCS is an advanced approach of NGS cancer 
where sequencing of DNA/RNA from individual tumour cells is performed.24 SCS involves steps isolating a 
single cell, gene amplification of targeted genes, library preparation, followed by subsequent sequencing 
with NGS. SCS has wider applications ranging from genome sequencing, single cell methylation to single 
cell transcriptomics. It provides information about tumour heterogeneity, genomic and expression level 
variability of tumour cells which further guides in precision medicine and helps in detecting rare cancer cell 
types circulating tumour cells and cancer stem cells. 
 

 
Table 4: Clinical utility of SCS25-29 

 
Cancer Type Cell Type Method Reference Details 

Breast cancer 
Primary tumor 
and metastasis 

DNA-
SCS 

Navin et al. 
(2011)26 Tumors grow by clonal expansions. 

Glioblastoma Primary tumor DNA-
SCS 

Francis et al. 
(2014)27 

To study genomic heterogeneity of 
EGFR in glioblastoma. 

Renal cancer 
Primary tumor 
and lung 
metastasis 

RNA-
SCS 

Kim et al. 
(2016)28 

To optimize the anticancer regimen in 
metastatic renal cancer. 

Colorectal 
cancer 

CTC clusters RNA-
SCS 

Cima et al. 
(2016)29 

Tumor-derived endothelial cell clusters 
might provide important information 
about the tumor vasculature. 

 

https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0305
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0305
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0110
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0110
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0225
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0225
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0080
https://www.sciencedirect.com/science/article/pii/S073497501730040X#bb0080
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Figure 1: Different Molecular Testing Methods in Cancer Diagnostics30,31 

 

Conclusion 

With these advances in genomic analysis technology, molecular profiling, differential diagnosis followed by 
treatment decision is based on the genetic aberrations identified. Molecular testing has now become an 
essential part of cancer patient’s work up and already integrated into routine framework of diagnostics. The 
rapid development of new high throughput methods with modern fluidics and computational knowledge has 
changed the approach of diagnosis and precision medicine. Use of robust high throughput tools with 
advanced utilities in oncology care will further expand in the future. 
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Chapter 4: Role of Molecular Diagnostics in Precision Oncology: Turning the Tide against Cancer 
 

Background 
 
An ever-expanding understanding of the molecular basis of carcinogenesis armed with sophisticated 
bioinformatic technologies forms the foundation of an era of personalized/precision medicine causing a 
paradigm shift in cancer management.Ever since the completion of the Human Genome Project, scientific 
and technological advancements have been accelerating at an exponential rate, with much of this progress 
being translated into improved patient outcomes.1 

Precision oncology refers to the molecular tumourprofiling for the identification of targetable/ actionable 
alterations.2This depends on the understanding of the molecular pathophysiology of tumorigenesis, coupled 
with the capability of a corresponding diagnostic assay to accurately, reliably detect specific molecular 
biomarkers. Fundamental to the practice of precision oncology is the application of actionable molecular 
biomarkers for the selection of the most appropriate therapeutic agent. In the past 30 years, cancer 
management was exclusively based on tumour histology and stage with an approach of one-size-fits-all. In 
the current era, cancer genomics/ molecular cancer signatures are integrated into tumour classification and 
treatment guidelines with an emphasis on targeted testing and treatment. This has been proven to be 
efficacious and successful in significantly improving clinical outcomes compared to conventional 
chemotherapy and/or radiotherapy with comparatively fewer toxic effects. 
 

Cancer: A heterogenous disease 
 
Cancer is a heterogeneous disease with multiple subtypes which has varied behavior in terms of response to 
therapy and prognosis. Delineation of these subtypes is of immense importance for risk stratification and 
guiding optimal multimodality therapy. Comprehensive analysis by Next generation Sequencing (NGS) has 
revealed remarkable genetic variation between and within different tumors (both intra and intertumoral 
genomic heterogeneity). Hence, identification and quantification of this heterogeneity is crucial for which 
molecular diagnostics is the tool. Morphologically similar looking tumours are different cancers at genomic 
and transcriptomic levels (Figure 1). Though the morphological assessment of tumour remains the 
cornerstone and an irreplaceable tool in the oncopathology practice, molecular pathology is increasing 
becoming an integral component owing to its utility in confirming ambiguous morphologic diagnoses, 
assessing prognostic information, minimal residual disease estimation following treatment and in making 
critical decisions for personalized cancer treatment. Figure 1 depicts the integration of molecular taxonomy 
with the primary tumour site and morphology-based classification, and treatment selection depending on the 
molecular phenotype.3 
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Figure 1: Molecular Heterogeneity in Solid tumours.3 Histomorphologically similar looking 
tumour with varied molecular subgroups and treatment selection depending on the molecular 

phenotype.(Image adapted from  Cowley MJ, et al. J Hepatobiliary Pancreat Sci. 2013 
Aug;20(6):549-56) 

 

Emerging molecular approaches in clinics 
 
Conventional tests such as immunohistochemistry (IHC)and fluorescence in situ hybridization (FISH) are 
fundamental precision medicine tools in daily practice.4 However, as the number of druggable gene 
aberrations and predictive biomarkershas substantially increased in recent years, high-throughput 
technologies, like NGS, have increasingly substituted for conventional single-gene testing 
techniqueplatformsin routine diagnostics.5As NGS enables simultaneous analysis of a broad spectrum of 
genomic alterations, like mutations, copy number variations (CNV), translocations, and fusions in multiple 
genes, it is more efficient, cost and tissue-saving tumor analysis as compared to serial single-biomarker 
analyses.6Given the decreasing costs, turn-around time of NGS, with various user-friendly downstream 
analysis pathways, the clinical interpretation of genomic results and comprehensive genomic profiling is 
increasing day by day.5High- throughput technologies with multimodality approach/ multiplexing has 
entered the main stream of clinical practice owing to the following reasons: 

 
• Diagnostic/Prognostic/Predictive: Cataloguing of mutations and downstream regulators of the pathways 

affected using microfluidic based gene expression-based profiling systems like Nanostring, proteomics. 
• Disease Monitoring: Real time monitoring of the residual disease, assessment of response to treatment 

in most cost effective and less invasive manner using Droplet Digital PCR, especially with liquid 
biopsies. 
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• Recurrent/refractory cancers: To study the underlying mechanism in case of refractory cancers for 
offering therapy by selection of potential actionable targets by genomic profiling of the major genetic 
alterations. 

 
Global genomic analysis has revealed that several core signaling pathways are affected in each single cancer.3 
Figure 2 and 3 shows significantly affected key pathways in lung adeno- and colorectal carcinomas, 
respectively. The somatic genetic alterations frequently occur in genes of the MAPK signaling, p53 
signaling, and mTOR pathways in lung adenocarcinoma;7 while in colorectal carcinoma (CRC), WNT 
signaling pathway is most frequently altered.8(Figure 3) 

 

 

 

Figure 2: Significantly affected key pathways in lung adenocarcinoma with the genomic 
alterations affecting various oncogenes (red) and tumour suppressor genes (blue)7 (Image 

adapted from Ding L, et al. Nature. 2008;455(7216):1069-75) 
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Figure 3: Deregulated signalling pathways in colorectal carcinomas (CRC). This shows diverse 

genomic alterations including somatic mutations, homozygous deletions, amplifications, 
including significant up (red) and down regulation (blue) of genes.8 (Image adapted from Cancer 

Genome Atlas Network. Nature. 2012;487(7407):330-7) 

 
Similarly, with the increasing importance of tumour microenvironment, inflammation and immune 
modulation are recognized as the driving forces playing a crucial role in tumour progression and 
metastases.9With these evolving and dynamic concepts, there is an anticipated increasing trend towards 
evaluation of the circuitry, rather than single molecule; based approach. 

 
Different panels available are as follows: 

PanCancer Pathways Panel to understand cancer biology and pathway deregulation.  

PanCancer Immune Profiling Panelfor detailed immune profiling of tumour/ immune-related transcripts 
deregulation  

PanCancer Progression Panelto investigate cancer progression and metastases.  

 

 

Current state of molecular testing in solid tumours 
 
Most relevant examples of conventional histopathology refined by the molecular data for optimal treatment 
selection include: 
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1. Non-small cell lung carcinoma (NSCLC) as the paradigm of precision oncology 

In recent years, lung cancer has undergone a major transformation integrating precision medicine with 
numerous biomarkers needed for treatment assessment, which is further expected to rise with new 
molecularly defined subsets are identified. All patients with NSCLC should be tested for EGFR, ALK, 
ROS1, BRAF, and PD-L1 at baseline before treatment.10The recommended molecular testing guidelines 
(biomarkers, genomic alterations, technology and tumour types) in NSCLC are mentioned in Table 1.The 
tumours with Programmed death ligand-1 (PDL1) expression (tumor proportion score ≥ 50%) has proven to 
be beneficial from immunotherapy (pembrolizumab).11 

With increasing utilization of targeted therapies, clinical challenge of acquired drug resistance is growing, 
like emergence of the EGFR T790M mutation, which occurs in 50% of patients previously treated with an 
EGFR-TKI.12An emerging field that may ameliorate some tumor sample issues is the testing of circulating 
tumor-specific markers, like circulating tumor cells (CTC) or circulating tumor DNA (ctDNA). Advantages 
of liquid biopsies include minimally invasive procedures and feasibility of repeat biopsies for assessment of 
disease response and monitoring, dealing with issues such as heterogeneity and for tracking minimal residual 
disease.13 To address these complex and evolving issues of emerging resistance mutations, liquid biopsy 
testing methods are evolving. The US FDA has approved the first liquid biopsy–based companion diagnostic 
to detect the T790M resistance mutation in patients whose disease is progressing on EGFR-TKIs, for 
consideration of osimertinib.2Owing to the issue of low sensitivity with liquid biopsies, it is still not ready to 
replace tumor biopsies and cases with negative results for resistance mutation, a tissue biopsy is 
recommended.2 
 

 
Table 1: Recommended Molecular Testing for Non-small cell lung carcinoma (NSCLC)10 

(based mainly on the National Comprehensive Cancer Network Guidelines) 
 

Biomarkers Alteration Technology  Recommendations  Cancer Type 
ALK Gene fusion 

Fusion protein 
Expression 

FISH, NGS, 
RT-PCR 
IHC 

Response to oral ALK 
TKIs; alectinib has 
improved efficacy over 
crizotinib in first line 

Adenocarcinoma, 
large cell, NSCLC 
NOS 

EGFR T790M Mutation NGS, multiple 
mutation 
testing 

Resistant to EGFR TKIs. 
Sensitive to Osimertinib  

Adenocarcinoma, 
large cell, NSCLC 
NOS 

EGFR exon 21 
(L858R, 
L861), exon 20 
(S768I), exon 
18 (G719X, 
G719) 

Mutation NGS, multiple 
mutation 
testing 

Sensitive to EGFR TKIs Adenocarcinoma, 
large cell, NSCLC 
NOS 

EGFR exon 19 Deletion NGS, multiple 
mutation 

Sensitive to EGFR TKIs Squamous cell 
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testing Adenocarcinoma, 
large cell, NSCLC 
NOS 

EGFR exon 20 
7p12 

Insertion 
mutation 

NGS, multiple 
mutation 
testing 

Likely resistant to EGFR 
TKIs 

Adenocarcinoma, 
large cell, NSCLC 
NOS 

ROS1 Fusion 
rearrangement 

NGS, FISH, 
RT-PCR 

Responsive to ROS1 
TKIs 

Adenocarcinoma, 
large cell, squamous 
cell, NSCLC NOS 

KRAS Mutation Gene 
sequencing 

Resistance to EGFR 
TKIs. Poor 
prognosis 
comparedwithKRAS wt 

All NSCLC 

BRAF Mutation, 
V600E 

NGS, 
pyrosequencin
g, 
AS-PCR 

Responsive 
to combined BRAF and 
MEK inhibition 

All NSCLC 

HER2 Mutation NGS, multiple 
mutation 
testing 

Emerging targeted 
agents 

All NSCLC 

MET Amplification, 
mutation 

NGS, FISH Emerging targeted 
agents 

All NSCLC 

RET Fusion, 
rearrangement 

NGS, FISH, 
RT-PCR 

Emerging targeted 
agents 

All NSCLC 

Abbreviations: AS-PCR, allele-specific polymerase chain reaction; FISH, fluorescence in situ 
hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; NOS, not otherwise 
specified; NSCLC, non–small cell lung cancer; RT-PCR, reverse transcription-polymerase chain 
reaction; TKIs, tyrosine kinase inhibitors; wt, wild type. 

 

Similarly, currently recommended disease specific biomarkers across different solid tumours with predictive 
implications and various FDA approved targeted drugs against actionable alterations are as mentioned in 
Tables 2 and 3, respectively.  

 
Table 2: Recommended Predictive Molecular Testing in Solid Tumours10 

 
Cancer type Biomarker Alteration Technology Recommendations 
Non-invasive and 
invasivebreast cancer, 
stage I-IV 

ER Expression IHC Predictor of response to 
endocrine therapy 

Invasivebreast cancer, 
stage I-IV 

PR Expression IHC Predictor of response to 
endocrine therapy 

Invasivebreast cancer, 
stage I-IV 

HER2 Gene FISH 
 

Predictor of response to 
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Amplificatio
n 
 
Protein 
Expression 

 
IHC 

HER2-targeted therapy such 
astrastuzumab, pertuzumab, 
lapatinib, or 
trastuzumabemtansine 

Invasive 
breast cancer, stage I-IV 

BRCA1 and 
BRCA2 
 

Germline 
mutation 
 

NGS Predictor of response to 
PARPInhibitor 

Invasive 
breast cancer, Stage I, II 
ER-positive/ 
PR-positive, 
HER2-negative 

Oncotype 
Dx 

Gene 
expression 

RT-PCR Prognostic for recurrence in 
lymphnode–negative ER-
positive/HER2-negative; 
predictive ofchemotherapy 
benefit in lymphnode–
negative ER-positive/HER2-
negative 

Metastatic synchronous 
colorectaladenocarcinom
a (any T, 
any N, M1),suspectedor 
Metachronousmetastases 

KRAS/NRA
S 

Mutation NGS Avoid cetuximab 
orpanitumumab treatmentin 
patients who havetumors with 
KRAS andNRAS mutations 
(exons2, 3, and 4 in both) 

Metastatic synchronous 
colorectaladenocarcinom
a (any T, 
any N, M1),suspectedor 
metachronous metastases 

BRAF Mutation 
V600E 

NGS, 
pyrosequenci
ng, 
AS-PCR 

The use of irinotecan in 
combination withcetuximab 
or panitumumabplus 
vemurafenibis recommended 
in allpatients with previously 
treated mCRC 

Gastric, oesophageal, 
and gastroesophageal 
junctioncancers 

HER2 GeneAmplif
ication 
Protein 
expression  

FISH 
 
IHC 

Trastuzumab 

Gastric, oesophageal, 
and gastroesophageal 
junction 
cancers 

PD-L1 Expression IHC Gastric cancer with dMMR 
and HER2-negative status 
exhibited higher PD-L1 
expression 
rates.Pembrolizumab is 
approved 

Pancreatic 
adenocarcinoma 

BRCA1 and 
BRCA2 

Mutation 
(somatic and 
germline) 

NGS PARP- inhibitors. Olaparib 
was approved for the 
treatment of patients with 
germline BRCA-mutated, 
metastatic pancreatic 
cancer that has notprogressed 
after first line, 
platinum-basedchemotherapy 
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Prostate cancers BRCA1 
BRCA2 
 

Mutation 
(somatic and 
germline) 

NGS PARP and other DDR 
enzyme inhibitors 

Prostate cancers ATM Germline 
Mutation 

NGS PARP and other DDR 
enzyme inhibitors 

Melanoma BRAF Gene 
mutation, 
V600E 
Protein 
expression 

NGS, 
pyrosequenci
ng,AS-PCR 
IHC 

To guide therapy  

Melanoma KIT Mutation NGS if targeted therapy is under 
consideration 

Nasopharynx cancer PD-L1 Protein 
expression 

IHC Recurrent, unresectable, or 
metastatic second-line or 
subsequent therapy options: 
pembrolizumab 

Well-differentiated 
liposarcoma, 
dedifferentiated 
liposarcoma 

MDM2, 
CDK4 

Amplificatio
n 

NGS Possible clinical trial with 
CDK4/CDK6 inhibitor 

Abbreviations: AS-PCR, allele-specific polymerase chain reaction; FISH, fluorescence in situ 
hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; NOS, not otherwise 
specified; RT-PCR, reverse transcription-polymerase chain reaction,DDR, DNA damage repair 
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Table 3: US Food and Drug Administration (FDA) approved biomarker matching targeted 
drugs in routine molecular diagnostic testing5 

 
Gene/protein Drugs Tumour Biomarker Technology 
ALK Crizotinib, ceritinib, 

alectinib, lorlatinib, 
brigatinib 

NSCLC ALK 
translocation 

FISH, IHC 

Androgen 
receptor (AR) 

Abiraterone, 
enzalutamide, 
dalurotamide, 
apalutamide 

Prostate cancer AR expression IHC 

BCL-2 Venetoclax Chronic myeloid 
leukemia 

BCL-2 protein 
expression, 
BCL-2 
amplification/ 
translocation 

IHC, FISH 

BCR/ABL Imatinib, dasatinib, 
nilotinib, 

Chronic myeloid 
leukemia 

BCR/ABL1 
fusion 

IHC (FISH, 
DNA/RNA 
sequencing), 
PCR 

BRAF Dabrafenib+trametinib
,Vemurafenib+cobime
tinib, 
Encorafenib+binimeti
nib 

Melanoma, 
NSCLC, 
anaplastic 
thyroid cancer, 
hairy cell 
leukemia 

BRAF V600E/K 
mutations 

IHC, 
DNASequenci
ng, 
PCR 

BRCA Olaparib, talazoparib, 
rucaparib 

Breast cancer, 
ovarian cancer 

Germline/somati
c BRCA 1/2 
mutations 

DNA 
sequencing 

C-KIT, 
PDGFR 

Imatinib Gastrointestinal 
stromal tumor 

c-KIT Exon 9 
and 11 
mutations, 
PDGFR 
mutations 

IHC, DNA 
Sequencing 

PDGFRB Imatinib Myelodysplastic
/ 
myeloproliferati
ve syndromes 

PDGFRB 
rearrangement 

FISH 

erBB2/HER-2 Trastuzumab, 
pertuzumab, 
ado-trastuzumab, 
emtansine, 
neratinib 

Breast cancer, 
gastric cancer 

HER-2 protein 
expression, 
HER-2 
amplification 

IHC, FISH 
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EGFR Gefitinib, erlotinib, 
afatinib, 
Dacomitinib 

NSCLC EGFR exon 19 
deletion, exon 
21 L858R 
mutation 

DNA 
sequencing, 
PCR 

FGFR2/3 Erdafitinib Bladder cancer FGFR3 
mutations, 
FGFR2/3 
fusions 

DNA 
sequencing, 
FISH 

MET Crizotinib NSCLC MET 
amplification, 
MET exon14 
alterations 

FISH, 
DNA/RNA 
Sequencing 

MSI-H or 
dMMR 

Pembrolizumab 
Nivolumab  
and ipilimumab 

MSI-H or 
dMMR solid 
tumors 
Colorectal 
cancer 

MLH1, MSH2, 
MSH6, PMS2 
protein 
expression, MSI 
high 

IHC, DNA 
sequencing, 
PCR 

NTRK Larotrectinib, 
entrectinib 

Solid tumors 
with NTRK 
fusions 

NTRK protein 
expression, 
NTRK fusion 

IHC, FISH, 
DNA/RNA 
Sequencing 

PI3KCA Alpelisib Breast cancer PI3KCA 
mutation  

DNA 
sequencing 

RET LOXO-292 
(Selpercatinib) 
 

NSCLC, 
medullary 
thyroid cancer 

RET fusion, 
RET mutation 

FISH, 
DNA/RNA 
Sequencing 

ROS1 Crizotinib, entrectinib 
 

NSCLC ROS 
translocation 

FISH, 
DNA/RNA 
Sequencing 

Abbreviations: AR androgen receptor, dMMR deficient mismatch repair, FISH fluorescence in 
situ hybridization, IHC immunohistochemistry, MSI-H high levels of microsatellite instability, 
NSCLC non-small cell lung cancer, 
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2. Site-Agnostic Biomarkers; Microsatellite instability-high tumors and DNA mismatch repair 

Microsatellite instability (MSI) is the result of inactivation of the DNA mismatch repair (MMR) system and 
is characterized by a high frequency of frameshift mutation sin microsatellite DNA. MSI is caused by 
germline mutations in one of the MMR genes(MLH1, MSH2, MSH6, or PMS2), resulting in hereditary 
Lynch syndrome. However, the majority (80%) of MSIcases are sporadic, often because of hypermethylation 
of theMLH1 gene promoter.10 

MSI status has both prognostic and predictive implications and is seen across various solid tumours. Early-
stage tumor with MSI-H status have better prognosis than those with MSI-stable status. The FDA has granted 
approval for check-point inhibitor pembrolizumab for the treatment of patients with unresectable or 
metastatic, MSI-H or MMR-deficient (dMMR) (site-agnostic)solid tumors. Currently, the approval is for 
patients with tumors that have progressed after prior treatment without any satisfactory alternative treatment 
options, as well as for patients with MSI-H or dMMR CRC after progression on a fluoropyrimidine, 
oxaliplatin, andirinotecan, and in the first line for NSCLC.10,14 

 
 

Conclusion 
 
Sophisticated technological improvements and increasing integration of standard clinicopathological 
evaluations with the molecular tumour profiling has remarkably enhanced the diagnosis, prognostication, 
and prediction of clinical outcomes in oncology, but the promise for the future is much greater. The path 
forward in precision medicine is to integrate comprehensive multi-omictumor characterization, dynamic 
monitoring of liquid biopsy samples, annotation that is automated through advancements in artificial 
intelligence (AI) and amalgamation of molecular medicine and AI. 
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Digital Pathology, Computational Pathology & Artificial Intelligence 
 
Chapter 5: Surgical Pathology is going digital! 
 

Digital pathology (DP) is a third revolution in surgical pathology. Whole slide imaging (WSI) allows the 
digitization of an entire glass slide to produce a digital image, which can be maneuvered and navigated akin 
to using conventional optical microscopy (OM). 

The applications of digital pathology are myriad and have a wide range viz. primary diagnosis, second 
opinion, intraoperative frozen section consultation, telepathology, archival, education, quality assurance, 
research and assisted diagnosis by artificial intelligence (AI) algorithms.1 

Adoption of DP for primary diagnosis has been tardy due to multiple barriers viz. adopting change and 
adapting to integration of DP into routine surgical pathology workflow, preparedness of information 
technology (IT), connectivity, interoperability, and fiscal issues. 

The much-needed impetus for primary diagnostic use was provided by US FDA approval for marketing of 
the two Whole Slide Imaging devices viz. PHILIPS (Philips IntelliSite Pathology Solution- PIPS & Ultrafast 
scanner 300 slide capacity) in April 2017 and LEICA (Aperio AT2 DX system 400 slide capacity) in May 
2019.2 

Many guidelines have been developed for validating WSI for diagnostic purposes, which include the College 
of American Pathologists (CAP) recommendations, Royal College of Pathologist (RCP) and Digital 
Pathology Association (DPA).1,3,4. 

 
The key recommendations from CAP guidelines are:  

1. All pathology laboratories implementing WSI technology for clinical diagnostic purposes should carry 
out their own validation studies. 

2. The validation study should closely emulate the real-world clinical environment in which the 
technology will be used. 

3. Validation of WSI systems should involve specimen preparation types relevant to the intended use (e.g., 
formalin-fixed paraffin-embedded tissue, frozen tissue, immunohistochemical staining (IHC), cytology 
slides, hematology blood smears). 

4. The validation study should encompass the entire WSI system. It is not necessary to validate individual 
components of the system. 

5. The validation study should establish diagnostic concordance between digital and glass slides for a 
single observer (i.e., intra-observer variability). 

6. The validation process should include a sample set of at least 60 cases for one application and another 
20 cases for each additional application (eg. IHC) that reflects the spectrum and complexity of specimen 
types and diagnoses likely to be encountered during routine practice. 

7. A waiting period of at least two weeks between the assessment of the WSI and glass slides should be 
arranged. 
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The processes of verification of performance a DP system and its validation for an intended purpose have 
been amply discussed in published literature. The existing literature including large preclinical validation 
studies substantiates the noninferiority of WSI technology for rendering primary diagnosis.5,6 With growing 
interest in the use of DP for routine diagnostics, a number of laboratories have reported successful validation 
and incorporated WSI for primary diagnosis in at least a significant proportion of cases.7,8  A meta-analysis 
of publications regarding WSI compared with light microscopy revealed 355 out of 8069 discordant instances 
(4%), of which 109 cases (32%) were related to diagnosis or grading of dysplasia and 32 cases (10%) were 
ascribed to the inability to find a small object.9 

In the first study of its kind from the Indian subcontinent, on DP evaluation of frozen sections using a portable 
WSI system, it was demonstrated that the difference in diagnostic accuracy between conventional 
microscopy (CM) and WSI was less than 4% between CM and WSI across various specimen types (n = 60) 
and almost perfect inter-observer and intra-observer agreement (k>0.8) was observed for all pathologists 
(n=4) using a portable microscope based single slide scanner; thus proving that WSI was non- inferior to CM 
for FS diagnosis. Turn-around-time observed in this study using WSI for frozen section diagnosis was in the 
range i.e., within 15 minutes in accordance with CAP recommendation.10 We have also demonstrated organ 
site specific diagnostic utility for primary diagnosis of prostatic adenocarcinoma and a comparative 
validation for 4 DPSs for various specimen types. Hence, we endorse the comprehensive validation of the 
DPS not only for primary diagnosis, but also pertaining to the specific indication and desired clinical use. 

The COVID 19 pandemic witnessed the rise of DP and the apex bodies amended their rules to offer maximum 
flexibility to pathologists for clinical use of DP. In light of the COVID-19 public health emergency, the 
temporary waiver of CMS regulations along with FDA nonbinding recommendations has enabled the 
deployment of DP systems where such devices do not create an undue risk.12,13A remote reporting guidance 
published by the RCPath had provided recommended minimum monitor specifications for home reporting 
along with an online link to access to the point-of-use QA (PUVA) tool provided by the Northern Pathology 
Imaging Co-Operative (http://www.virtualpathology.leeds.ac.uk/research/systems/pouqa). This tool tests 
color accuracy, not diagnostic accuracy, and may be a useful indicator of the suitability of a particular screen 
for digital pathology diagnostics. The recent CAP guidance on remote sign-out addresses patient privacy, 
medicolegal considerations, diagnostic procedures that can be reported from remote site, validation before 
engaging in remote sign-out, and the need for SOPs in individual laboratories. The CAP maintains 
recommendations on validation of a DP system for diagnostic use. Verification of a smaller number of 
previously signed out cases from pathologist’s individual homes was suggested as an alternative for complete 
validation, before engaging in live sign-out. The guidance addressed the need to adopt practical alternatives 
to the recommended 2-week washout period and suggested that the laboratories consider washout periods of 
any duration that may be deemed more practical while attempting to control for recall bias.14,15 However, the 
guidance from the Digital Pathology Committee of the RCP recognized that the pathologists even with 
limited DP experience may be able to confidently report some or many cases digitally, without undertaking 
a formal 1–2-month validation, and may do so using risk mitigation approach.15 

India has a nascent policy on telemedicine, and the updated guidance in response to the COVID-19 health 
emergency does not cover telepathology for routine diagnostic services. Validation for intended use is critical 
to ensure that images and data transmitted over an integrated digital platform are adequate for rendering a 
correct opinion. Remote reporting of digital slides might be challenging for pathologists who have not 
validated DP for primary diagnosis.  

http://www.virtualpathology.leeds.ac.uk/research/systems/pouqa
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On analysing results of remote home reporting by 18 pathologists on 567 cases from 7 subspecialties, in a 
risk mitigated environment, over a period from 21st March 2020 to 30th June 2020, the overall concordance 
rate was found to be 98.8% owing to 1.2% minor discordance and no major discordance. The pathologists 
used their personal laptops, average network speed of 20 Megabits per second while digitally signing out 
biopsies from home.16 

COVID 19 pandemic has been a defining moment for pathology world, in more ways than one, for not only 
adoption of DP during ongoing pandemic but for overall functioning of pathology departments across the 
globe in the post pandemic era. 
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Chapter 6: Getting ready for Next generation pathology: Digital pathology (DP) and Computational 
Pathology (CP) 
 

Evolving technological advancements, reduced costs and regulatory approval for whole slide imaging (WSI) 
systems have paved way for digital pathology (DP) to move from research and education to routine 
diagnostic workflow.1 All these developments help us move towards replacing microscopes with 
digital pathology systems (DPSs) in the near future.2,3 

DP is a product of complex multi-step processes, involving technical (scanners capabilities, software and 
hardware for viewing and archival of the slides), clinical (specimen type) and organizational (training and 
pathologist’s expertise in DP and institutional information technology (IT) capabilities.4-7 

 

Components of Digital pathology system (DPS): 
 
The basic components for DP includes3,4,6,8 

a. Whole slide imaging scanner which is used to generate and acquire digital images from glass slides 
and image acquisition software used to operate this scanner. It is the heart of digital pathology.  

b. Pathology image storage systems for saving, archiving, managing, and preserving the digital images 
acquired by image input devices. 

c. Image viewing software that allows the observation of DP images through image display devices and 
records measurements or annotations. 

d. Image display devices used for image observation (monitors and displays). 
e. Network or data sharing systems used for transmitting image (Inter/Intranet)  

 

Strategies for adopting DP 
 
Successful adoption of DP needs close collaboration amongst the implementation team members including 
pathologist, laboratory technical staff, IT personnel and hospital administration. Hence, this transition from 
a glass slide to a virtual slide presents collective efforts and considerable logistic and organizational 
challenges. 3,8-14 

 

 

Determination of Key application of DPS 
 
First efforts for adoption of DP should be channelized toward identifying initial key applications of the DPS 
based on realistic requirement. Depending on intended application/s viz. primary diagnosis, teleconsultation, 
research or education, further investments should be directed accordingly.3,9For example, if the intended use 
is routine diagnosis, then a seamless interface between existing hospital systems such as laboratory 
information systems (LIS), electronic medical records (EMR), picture archiving communication systems 
(PACS) and inter/intranet is mandatory. If the system is going to be used for teleconsultation/ second opinion, 
then a high speed secured internet connection is essential. 
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Scanner Selection Strategies 
 
Choosing the right scanner is a key consideration while implementing DP, the decision is primarily driven 
by intended application. With significant improvement in technology and increasing availability of many 
DPSs, it is particularly challenging for the pathologist to select an appropriate platform, which can be easily 
incorporated in the routine laboratory workflow. It is important to consider the following factors while 
selecting a WSI scanner for clinical diagnosis.3,11-15. 

 
1. What volumes of slides need to be scanned? 

What is the intended use? Scanning slides for clinical (e.g., telepathology for intraoperative 
consultations) or nonclinical (e.g., education, research) use? 
 

2. What type of material is being scanned?  
For cytology slides, scan with z-stacking is favoured. What type of glass slides need to be scanned? 
Scanning wet slides (e.g., during intraoperative frozen section, or slides of unusual size (e.g., whole 
mounts) may present challenges with certain scanners. 
 

3. What companion software do I need?  
A DP solution may need specific software to manage clinical workflow, share cases, or perform image 
analysis. 
 

4. Is integration with the LIS important?  
For diagnostic work, WSI-LIS integration is critical to support clinical workflow, bidirectional 
integration with existing information systems, communication protocol (e.g., XML, HL7) between DPS 
and LIS is necessary. 
 

5. What is the budget?  
This is a key question for most of the potential end users in low- and medium-income countries (LMIC). 
Investing in WSI scanners with related direct as well as indirect costs, when return on investment is 
unpredictable, is a major barrier to adoption. 
 

6. What are the formats of the digital files generated? 
Many current WSI scanner file formats are proprietary in nature with separate standards for each with 
limited interoperability. In absence of a fully developed DICOM standard for Pathology WSI, this is 
particularly important if you intend to buy multiple scanners from different companies. In that scenario, 
you might end up with separate silos for each scanner and no single interface to look at all the slides 
scanned. 

Most recent WSI scanners permit high-speed digitization of whole glass slides and produce high-
resolution images. However, there are still differences in scanning time, scan error rate, image resolution, 
and image quality amongst various WSI scanners. Further, they differ with respect to their functionality, 
and image viewing software (IVS) provided by scanner vendors. Thus, understanding the technical 
parameters is extremely relevant for adoption of DP, as they impact digital image quality, work flow and 
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pathologist’s diagnostic capabilities.8,15 Till date, two WSI platforms have so far received FDA approval 
for primary surgical pathology (histopathology) diagnosis in the US including Philips IntelliSite Digital 
Pathology Solution( in April 2017) and Leica Biosystem’s Scanner AT2 DX (May 2020).16  Hence, the 
comparative evaluation of suitable equipment from various vendors should be performed before DPS 
procurement and implementation.15 

 
7. Image database systems i.e., Storage and Retention policies related strategies. 

An image database system comprises a computer system to manage digital image data, a storage device 
such as a server, and image archiving software for efficient retrieval and managing data storage. Local 
storage is usually adequate for applications with very few users and with no need for long term 
retention. It is essential to have a robust, scalable data storage and retrieval platform if handling large 
number of digital cases. Data storage plans should include backup and image retention and/or purging 
policies.11,12 During implementation of an image database system, institutional IT specialists should play 
a participatory role. Their expertise is required for integration with the LIS, EMR, compliance with the 
institution’s information and security policies, seamless interconnection and integration with existing 
PACS.11 Vendor-neutral archive (VNA) might provide the possible solution to overcome the issues 
related to storage and retrieval of the digital images generated from different scanners in future.17 

The type of storage method must include the concept of backup or mirroring to ensure that data are safely 
preserved. Hybrid storage solutions that involve local and cloud-based storage and access, or hub-and-
spoke models for multisite organizations, can be effective strategies.17, 18 

A pathology PACS using an independent server is recommended to accommodate the large size of digital 
pathologic image data and the amount of data transmitted. However, depending on the situation and 
needs of each individual institution, data storage could also be integrated and the same server can be 
utilized as the general institutional PACS.9,11-13 The image database system (or software) should support 
the DICOM format, the standard file format for medical imaging, to ensure compatibility with other 
scanners or PACS. This is a highly recommended feature when implementing image database systems 
to enable future data exchange or transmission to other institutions and combined use with other image 
acquisition/storage devices within the institution.6,9,17. 

Each institution should determine how long digital image data should be preserved, based on its 
requirements and the relevant laws. The guidelines by CAP (USA), RCP (UK), and FAGP (Germany) 
recommend data preservation for at least 10 years, whereas the guidelines from the Japanese Society of 
Pathology (JSP) recommend permanent preservation, for a minimum of 5 years.11-14 

Finally, strict technical measures must be in place to ensure the data security and protect patient 
information regardless of the type of terminal being used. Therefore, measures are needed to ensure that 
transmitted data should not be released outside the network and if transmitted, metadata do not contain 
personal information. A virtual private network (VPN) allows you to access this information from a 
remote location in a secure manner.  
 

8. Image display devices and image viewing software (IVS) related recommendations 
Image display devices, including monitors, are integral part of the imaging chain. Because technologies 
for image display devices are advancing rapidly, it is difficult to define the minimum requirements 
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especially for a DP. Each laboratory can select suitable monitors at their own discretion, with validation 
of the overall performance. Although, medical grade monitors are preferred, they can increase the 
implementation budget exponentially, especially if multiple workstations are required. Few guidelines 
generally recommend the following monitor minimum specifications for DP: horizontal resolution 
≥1,280–2,560 pixels, screen size (diagonal) ≥17– 27 inches, luminance ≥170–300 cd/m2, luminance 
ratio ≥250–1,600:1, pixel pitch ≤0.33 mm, and minimum luminance ≥0.5 cd/m2.11-13 

Rapid advances in wired/wireless networks and mobile technologies are expected to increase WSI 
diagnosis by means of remote systems or portable devices such as tablet, personal computers rather than 
standard monitors. An increase use of these devices was observed recently for remote reporting during 
COVID pandemic.19 When diagnosis is made using portable terminals, the use of a relatively small 
screen of low screen resolution is a major concern. These terminals are generally not reliable for routine 
diagnostic work and can be used for specific use that require rapid reporting of results, such as frozen 
section. 

An efficient and user-friendly IVS is mandatory to shift to digital reporting in routine practice. It should 
be able to run on various platforms suitable for the image display devices used by an institution and 
should also support operation over a network connection. The IVS can be evaluated based on the 
following parameters: overall appearance, ease of navigation, arrangement of cases, panning/zooming, 
annotation tools, photography quality and ability to open multiple slides of the same case. Whether these 
functions can be adequately performed in the workflow of real practice should be determined in advance 
as proposed by Rajaganesan et al.15 Further, the scanner manufacturers often bundle the IVS with the 
scanner, which usually support just the file format created by that scanner. Recently some IVS also 
received independent approval for clinical use by FDA.20,21 If multi-format support is desired then, the 
institution would need to invest long term on vendor neutral IVS, but they usually involve significant 
additional costs.17 Further IVS should preferably be able to deploy algorithms for morphological 
classification, morphometry, tumor grading, and tumor diagnosis and detection.1,6. 
 
 
 

9. Standardized Digital Workflow:  Pre-Imaging Factors & Integration with LIS/ EMR 
Implementation of WSI is not a one-time event but requires ongoing support from an interdisciplinary 
team comprising of pathologists, technologists, institutional IT personnel, and the original equipment 
manufacturer and / or vendor. The success of the program has necessitated specific attention to pre-
analytical (e.g., slide quality), analytical (e.g., scanning), and post-analytical (e.g., pathologist 
interpretation) variables and laboratory accreditation aspects associated with the use of DP for diagnostic 
purposes.18,22 Unless a fundamental change is introduced in how tissue is processed and the workflow is 
standardized, the laboratory cannot achieve a seamless digital workflow. 

The successful adoption of digital pathology is dependent on high-quality pathology slide preparation 
which in-turn is dependent on all steps in the pathology laboratory including fixation, embedding, 
cutting, staining, and slide preparation. Folded tissue section during cutting, staining variation and the 
presence of air bubble during cover slipping as well as different settings of brightness, contrast, and color 
can impact the image quality.  Several pathology laboratories and departments have embarked on 
collaborative quality improvement and established efficient work flow protocols in surgical pathology 
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to take care of the pre-imaging factors to reduce not only digital artifacts, but also the scanner system 
breakdowns.3,18,22 

Once implemented, the transition period from glass slide to image-based diagnostics will be associated 
with its integration with existing laboratory infrastructure, especially those related to a hybrid glass slide-
digital slide workflow. IT support is vital for successful implementation of DPS. The DP system must 
be linked appropriately to the LIS that stores and manages test records in the pathology laboratory and 
the HIS or EMR system that manages patient records in the hospital. The DP system must include 
metadata associated with the digital images [ i.e., overview images (preview, macro-images), scan 
parameters, and data on the scanned area. When the system is linked to the LIS, data such as the test 
number, tissue information, block number, and staining information must be appropriately linked, and 
error free case tracking can be done efficiently. Moreover, the linked systems must be checked to confirm 
the smooth operation of both systems and the link between them under actual workflow conditions3,7,9,17 
Scanners that support an identification function using a barcode or QR code play an important role in 
the automation of pathology laboratories and could help to reduce errors and provide better specimen 
tracking. The ATA (US), Canadian, and European guidelines recommend linkage and management using 
standard methods such as HL7 for this integration. 11-13 

 
10. Validation of the Digital Pathology systems 

An appropriate internal validation study for diagnostic concordance between WSI and conventional 
microscopic diagnosis should be performed before implementing DP into clinical practice as 
recommended by guidelines suggested by major study groups including College of American 
Pathologists (CAP) recommendations, Royal College of Pathologist (RCP) and Digital Pathology 
Association (DPA). The robust comprehensive validation of the whole system will ensure the safe 
implementation and quality assessment of WSI for diagnostic purposes.10-14 

We at Tata Memorial Centre performed a unique comprehensive comparison validation study 
incorporating a 4 different DPSs, a variety of specimen types and cases posing different levels of 
complexity and encompassing each and every component of WSI including technical factors as well as 
diagnostic performance using different DPSs.15 Technical assessment of the various scanners revealed 
that each scanner has its own pros and cons. The overall diagnostic accuracy, when compared with the 
reference standard for OM and WSI was 95.44% (including 2.48% minor and 2.08% major discordances) 
and 93.32% (including 4.28% minor and 2.4% major discordances) respectively. The difference between 
the clinically significant discordances by WSI versus OM was 0.32%. Almost perfect 
(k=>0.8)/substantial(k=0.6-0.8) inter/intra-observer agreement between WSI and OM was observed for 
all specimen types except cytology. Overall, the diagnostic accuracy rate of WSI in this study considering 
major discordances as compared to OM was 97.6%.15 

Based on these validation studies, it can be concluded that WSI is non-inferior to OM for all specimen 
types except for cytology specimens. 15, 23-30 

 

Moving ahead towards computational pathology (CP) 
 
The development of appropriate IVS and a seamless interface connection between existing hospital 
systems such as EMR, PACS, LIS and availability of cheaper storage systems have paved the way for 
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CP.2-4 Hence, CP is a field of pathology that combines pathologic images and metadata from a variety 
of related sources to analyze patient specimens.2,3  CP applications have the potential to transform the 
workflow of pathologist in future, but it may still take a frustratingly long time due to many technical 
and regulatory hurdles. With the rapid advances in the domains of CP and AI, a future ready platform is 
desirable with the ability to deploy algorithms within the same user interface. In order to capitalize sooner 
on the many benefits of adopting AI in pathology, various DP vendors should work together to set 
standards and increase interoperability of DP infrastructure components and software, and such standards 
should be formalized via regulatory guidance.1,6,9,17 Pathology‐specific digital imaging and 
communications in medicine (DICOM) standard, International Color Consortium (ICC) profiles should 
be encouraged across the DP industry, on platform‐agnostic software that could run on any combination 
of operating systems and with any infrastructure architecture. 3,4,31 

Hence, the step toward promoting the adoption of CP in routine pathology practice is to integrate AI 
tools with existing laboratory devices (e.g., WSI, auto‐stainers) and software systems such as LIS, EMR 
so that they can be easily utilized in a real-world workflow.32 Finally, healthcare institutions could be 
encouraged to pool anonymized patient data and make them publicly accessible, so that researchers 
around the world cooperate to develop more accurate diagnostic algorithms.  A unique project on similar 
lines entitled Cancer Imaging Biobank, supported by DBT and NITI Aayog, is ongoing in India to 
complement the data provided by data banks such as TCGA, TCIA, and PathLake. 

 

Conclusion 
 
The technical innovations and regulatory approvals, in the past decade, have advanced DP enough to 
replace conventional microscope. However, this transition from a glass slide to a virtual slide presents 
considerable logistic, fiscal, and organizational challenges. Improved understanding of the current 
challenges for implementation can help prospective users identify the best path for its adoption. Scanner 
selection should be based on intended use, allocated funds, and careful attention should be paid to 
assessing image retention and archival requirements as well as the need for WSI-existing LIS integration. 
Ensuring adequate training and performing appropriate validation studies will help enhance the safe 
adoption of this technology for routine diagnostics. Moreover, the WSI/DP acts as a springboard for 
development of CP and AI empowering pathologists to derive novel insights into cancer biology and 
precision medicine. 
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Chapter 7: Computational Pathology & Artificial Intelligence 
 

Computational pathology (CP) and artificial intelligence (AI) are related and overlapping domains 
which are some of the major forces driving the adoption of Digital pathology (DP) in routine practice. 
They rely on being able to extract many-fold more information per unit pixel area from a histopathology 
slide than what is possible by visual examination alone. Coupled with expert pathologist interpretation 
of these results, these two areas are set to revolutionize pathology practice dramatically. Further, these 
enhanced capabilities have implications not just to the pathologist but also to the treating physician, the 
information technology team, and the hospital administrator. 

To fully utilize these capabilities, it is essential for the pathologist to understand the strengths, 
limitations, and potentials of these two domains. Used appropriately, these tools have the capability of 
enhancing the pathologist’s capabilities beyond traditional limits. In this short account, we put forth the 
applications that are knocking at the pathologist door-step to be included in the workflow and also 
attempt to highlight the issues that the pathologist needs to be aware about in-order to utilize them 
optimally. We also put forth some of the reasons why these applications have not yet made their way 
to the clinic. 
 

Applications in Routine Diagnostics and Workflow Enhancements 
 
The pathologists perform several tasks when they see a slide, integrating information from multiple 
slides, immunohistochemistry, molecular pathology and correlating with clinical and radiological 
information to arrive at a set of interpretations. Computational methods can enhance each step of this 
way, enhancing reproducibility, accuracy, and precision. 

Some of the most elementary tasks are the quantitative and screening tasks. 
 

1. Screening lymph nodes for metastases 
 
Detection of metastases, counting the number of nodes involved and measuring the size of the 
metastases are important tasks in the performing TNM staging and providing prognostic information in 
the pathology report. While detecting large metastases is a low-lying fruit, detecting micrometastasis 
and isolated tumor cells is a significantly labor-intensive process. The Camelyon Challenges originating 
from the Radboud University Medical College and University Medical College, Utrecht, have been 
pushing the boundaries of level of accuracy and precision as well as amount of information that can be 
derived by computational methods and enhancing the pathologist workflow.1,2 However, there are no 
algorithms in use for clinical practice and these algorithms currently exist only for research use. 

 
2. Quantifying immunohistochemical expression 

 
Immunohistochemical quantification of predictive and prognostic biomarkers such as ER, PR, 
HER2neu, Ki67 are some of the routine tasks conducted by pathologists but have high inter-observer 
variability and are user experience dependent.3 Further the process is repetitive and time consuming. 
Several tools exist which allow quantifying immunohistochemical expression of nuclear, membranous, 
and cytoplasmic staining with exceedingly high accuracy, precision, and reproducibility. Some of these 
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are available as commercial tools and have US FDA 510(k) pre-market notifications approved analysis 
algorithms,4,5,6 often based on proprietary DP platforms. In addition, many open-source tools exist 
which can be adapted, validated, and then incorporated in research practice. 

3. Segmenting and counting mitoses

This task is a relatively difficult task with no US FDA approved algorithms as of today. However
custom research workflows and algorithms exist which are available for research use.7,8. 

4. Other quantification tasks

Quantifying different types of tissue areas, cell types etc. is largely a research task with limited
applications in clinical practice. Several research workflows exist within open-source platforms which
permit such quantifications.9,10.

5. Grading assist tools

Many workflows are at various stages of development in the research setting to assist the pathologist in
the grading of tumors. Examples include algorithms which can calculate prostate cancer11, brain tumor12

and breast cancer grades13 with relatively high accuracy. However, none are currently available as
commercial tools.

6. Predicting genomic, proteomic and outcome information from H&E images

A number of workflows have been developed in the research setting which are able to predict
immunohistochemistry results14, genomic test results15 and outcome data from H&E slide images.16,17

However, these algorithms are not yet ready for clinical use and need further validation.

7. Histological quality control

As DP becomes more widely accepted, automated tissue and stain quality assessment tools will become
of great importance and practical relevance. There is one opensource tool being developed and is
currently available for research workflows.18 

Challenges

Several challenges exist for the rapid and widespread uptake of AI algorithms and other computational
pathology methods in clinical and research practice.

1. Image Standards, file formats and Colour Normalization:

Most scanner systems available today in the market have proprietary file formats. There is a consistent
drive towards interoperable systems and towards the development of interoperability standards such as
the DICOM standard for Pathology.19 However, these are still not fully implemented. Image and colour
reproductions currently are largely applied in the sRGB colour profiles. While this colour gamut is
usually enough for routine diagnostics, these may have significant implications for deep learning.20

Further variation in colour across scanners, laboratories and display systems also affect the results of
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the deep learning algorithms. Many methods have been developed to perform colour normalization so 
that results are reproducible across the various scanners and laboratories.21 

2. Pre-Imaging factors

One of the most crucial factors affecting applicability of algorithms and success of DP is the quality of
the pathology slide. Laboratory practices affecting fixation, processing, cutting, staining and the raw
materials used in performing these processes affect the whole slide image quality dramatically.
Essentially, it follows the garbage in garbage out (GIGO) concept. Hence these laboratory factors
cannot be ignored if one intends to take up DP and CP methods in clinical as well as research practice.
Collaborative quality improvement i.e., to successfully implement DP, CP, and AI, improve quality of
surgical pathology, is the key!

3. Generalizability of algorithms

One emerging hurdle faced by deep learning scientists today is the generalizability of the algorithms
developed in one part of the world or one organization to another organization or laboratory in another
part of the world. There are factors over and above the quality of the whole slide images, pre-imaging
factors and technological differences that affect generalizability. These factors include differences in
the disease profiles and patient characteristics in view of different environmental factors, racial and
ethnic features, variations in treatment regimens and approaches. Hence multi-institutional training and
validation of algorithms across different geographies is essential before an algorithm is introduced into
clinical practice at any organization.

Tools for Digital Pathology, Computational Pathology and Artificial Intelligence 

For the machine learning scientist and analytically and programmatically inclined pathologist, Python 
and its numerous libraries such as NumPy, TensorFlow, Keras, Scipy, etc., MATLAB, and 
programming tools such as Jupyter notebook, Google Colab are excellent and form the basic building 
blocks on which they can explore, build and validate algorithms and tools. 

For the less programmatically inclined pathologist and those who prefer graphical user interfaces, many 
open source and proprietary tools are available.Qupath, Aperio Imagescopeand ORBITare some of the 
basic tools for viewing WSI, performing and managing annotations and performing quantitative image 
analysis. Qupath and ORBIT also allows you to build train and validate algorithms for basic image 
processing tasks. 

For image management:ORBIT andQupath allows you to manage images within projects along with 
slideviewer which opens file formats supported by the OpenSlide library. If you are looking for basic 
viewers which can open nearly all WSI file formats from your desktop, then Pathomationoffers a free 
simple WSI viewer which opens nearly all image formats currently available in addition to plugins to 
integrate the viewer with Qupath, Moodle and other platforms.Guided and self-paced tutorials are 
available on YouTube, Coursera, Swayam, and other learning platforms for those looking for an 
introduction to the topic and step-by-step tutorials. More extensive server-based deployments are also 
possible for ORBIT and Pathomation.  
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Online platforms which allow to perform one or more of these tasks exists. For those interested, please 
check outwww.pathpresenter.net&https://ai.pathpresenter.net/. Apart from these free/freemium 
services/platformsthere are many premium platforms (e.g. Gestalt, Qritive, Sectra and many more) 
which offer vendor/file format neutral image support, annotation platforms, sharing, conferencing 
capabilities and integration with educational tools.In addition, multiple WSI image format support is 
possible for people looking to build their own solutions for their institutions or personal use via libraries 
provided by Pathomation, Zoomify, OpenSlide, OpenLayers,ORBIT etc. A unique platform (iCore) is 
provided by Indx.Ai which supports integrated analysis of -omics data such as NGS, proteomics, etc. 
along with digital pathology, radiology and clinical information. 

Conclusion 

Computational pathology is still largely in a research mode. Quantitative immunohistochemical analysis 
tools are available for clinical use and are dependent on the availability of scanned whole slide images. 
As adoption of digital pathologyincreases, computational pathology and deep learning-based algorithms 
are seeking the Pathologist’s and Oncologist’s attention. Over the next few years, we expect many 
computational pathology and deep learning-based tools and algorithms to be available for clinical and 
research use. It is imperative that pathologists as well as researchers familiarize themselves with these 
technologies and understand the strengths, weaknesses and complexities involved in using them to 
further pathology practice and precision medicine. 
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Automated NGS-based Clinical Decisions: A Primer for Clinicians & a Live Molecular Tumour 
Board 

Dr. Pratik Chandrani, Dr. Anuradha Choughule, Dr. Vanita Noronha,  
Dr. Kumar Prabhash, Dr. Amit Dutt 

 
Cancer genomics is transforming the clinical practice 

Cancer is a group of complex diseases that result from changes in the genome of the cells, leading them 
to grow uncontrollably. Most of these genetic changes are somatic (~ 85%) and stochastic in nature. 
However, evolutionary selection pressure leads to a definitive selection of a few genetic alterations, aka 
“driver alterations”, against the background of vast majority of “passenger alterations”[1]. Driver genes 
providing selective growth advantage through activating mutations are identified as oncogenes while 
those providing selective growth advantage through inactivating mutations are identified as tumour 
suppressor genes. The oncogenes have been the target of novel therapeutic development. The targeted 
therapy has shown remarkable response in clinics. Few classical examples are Imatinib targeting BCR-
ABL in leukaemia [2]; Trastuzumab, an antibody targeting HER2 amplified breast cancer [3]; Erlotinib 
or Gefitinib inhibitors targeting EGFR mutations in lung adenocarcinoma [4, 5]; Vemurafenib inhibitor 
targeting BRAF mutant in melanoma [6]; Imatinib for c-KIT mutant gastrointestinal stromal cancers; 
and many others which have been successfully implemented as standard of care [7, 8]. However, these 
drugs have been traditionally been targeted for a specific tumour type harbouring a genomic alteration. 
More recently, clinical trials shifted for tissue agnostic molecular classification of tumours (basket 
trials) resulting into pan-cancer US - FDA approval of larotrectinib and entrectinib targeting any 
advanced solid tumour harbouring NTRK gene fusion, in adults and children. These drugs altogether 
enable better precision medicine for wider applications in oncological practice. 
 

ClinOme – automated NGS analysis and clinical reporting system 

The emerging application of NGS technology in the clinical practice provide an unprecedented 
opportunity to classify a patient based on their tumour’s molecular changes with improved accuracy 
to design the right targeted therapy. However, the sheer magnitude of the number of variables in these 
data pose a formidable computational challenge to analyse the data and derive clinical sense. While 
many of the targeted therapeutics have been established as a standard of care, a lot many other drugs 
are at various phases of clinical testing. It is imperative to identify the patient matching with genetic 
alteration criteria of approved and clinical trial drugs to provide a better therapeutic option to the 
patient. This poses a computational challenge for genomics data analysis and inference of therapeutics. 
Also, integrating the heterogeneous information in multiple clinical datasets and genomic datasets 
presents an arduous challenge that impedes its universal application. This workshop is focussed to 
explore the utility of an artificial intelligence-based decision support system developed at ACTREC, 
Tata Memorial Centre — ClinOme -- that utilizes both the clinical features and the genomic profile of 
a cancer patient to assist the physician in integrating information about a specific patient. The 
workshop module is designed as a primer for the clinicians to introduce the complexity of the NGS 
dataset and its automated analysis to derive a clinically relevant information with no pre-requisite of 
computational familiarity.  
 
A Live Molecular Tumour Board: where the Clinicians, Pathologists and Basic Scientists 
Cerebrate! 
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To further assist in the therapeutic decision making, multidisciplinary molecular tumour boards (MTB) 
comprising members with specialties in different domains of medicine such as radiology, oncology, 
surgery, molecular biology, pathology etc. and basic researchers such as bioinformatics, molecular 
biology, genomics etc. have been created at several institutions. These forums work to provide 
information to the treating oncologists about the available targeted therapeutic agents, clinical trials, 
and off-label use of drugs depending upon the patients’ tumour profile and can eventually help optimize 
their clinical management. 

We started the MTB at the Tata Memorial Hospital, Mumbai, India in May 2019 and would like to 
share our experience with 282 patients who underwent genomic testing and whose cases were discussed 
in our MTB. In this workshop we would like to demonstrate the therapeutic decision-making process 
through a snippet of live molecular tumour board to highlight various multi-disciplinary aspects 
required for informed decision making. 

 

Conclusion and Future Directions 
 

Our understanding of cancer genome and genome guided medicine has improved greatly in past couple 
of decades. To help the clinicians develop an easier grasp and understanding of the evolving field, the 
4 hours workshop is drafted to cover the basics split under the following headings: 

1. Introduction to genomics for clinical applications 

2. Introduction to genomics data analysis for clinical application 

3. Introduction to clinical and biological evidence useful for inference of precision medicine 

4. A demonstration of ClinOme – AI-powered NGS data analysis and clinical inference tool 

5. A live Molecular Tumour Board to demonstrate the therapeutic decision making in interesting cases. 
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