


Radiation Oncology 

 

                                                                                                                                                    Page 1 of 179 
 

XIX Annual Conference on 
Evidence Based Management of Cancers in India  

“Technology and Cancer Care – 
Promise and Reality of the Brave New World” 

 
 

Vol. XVIII 
(Part A, B, C, D, E, F, G) 

 
 
 
 

Editor 
Dr. Aliasgar V Moiyadi 

OIC, CRS & DAE CTC, TMC 
 
 
 
 
 
 
 

On behalf of the 
CRS & DAE CTC, TMC 

 
 
 
 
 
 
 
 
 
 
 

Published by 
Tata Memorial Centre, 

Mumbai 



Radiation Oncology 

 

                                                                                                                                                    Page 2 of 179 
 

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 

XIX Annual Conference on Evidence Based Management of Cancers in India  
“Technology and Cancer Care – Promise and Reality of the Brave New World  
 
SET ISBN: 978-93-82963-58-5 

 

 

 

 

 

 

 

 

 

 

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



Radiation Oncology 

 

                                                                                                                                                    Page 3 of 179 
 

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 
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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:  



Radiation Oncology 

 

                                                                                                                                                    Page 15 of 179 
 

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. 

 



Radiation Oncology 

 

                                                                                                                                                    Page 18 of 179 
 

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 

Mean relative 
decline in 
HVLT-R DR 
from baseline to 

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

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

widely accepted timepoint 
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 

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 
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 Author  Year Findings Caveat 
the NCF of 
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 

4.3 mos for SRS vs.18.1 
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  

5 year  
PFS -98%  
OS -98%  
10 year  

-Small sample size  
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Pituitary 
adenoma 

Author  Year  Finding  Caveat 

NFPA -67 
Secretory 
adenoma- 25 

Local control -91%  

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. 
  



Radiation Oncology 

 

                                                                                                                                                    Page 61 of 179 
 

Suggested Reading : 
 

1. Randomized Phase IIB Trial of Proton Beam Therapy Versus Intensity-Modulated Radiation Therapy 
for Locally Advanced Esophageal Cancer | Journal of Clinical Oncology [Internet]. Available from: 
https://ascopubs.org/doi/10.1200/JCO.19.02503 

2. Stahl M, Walz MK, Stuschke M, Lehmann N, Meyer H-J, Riera-Knorrenschild J, et al. Phase III 
comparison of preoperative chemotherapy compared with chemoradiotherapy in patients with locally 
advanced adenocarcinoma of the esophagogastric junction. J Clin Oncol. 2009 Feb 20;27(6):851–6.  

3. Shapiro J, van Lanschot JJB, Hulshof MCCM, van Hagen P, van Berge Henegouwen MI, Wijnhoven 
BPL, et al. Neoadjuvant chemoradiotherapy plus surgery versus surgery alone for oesophageal or 
junctional cancer (CROSS): long-term results of a randomised controlled trial. Lancet Oncol. 2015 
Sep;16(9):1090–8.  

4. Greer SE, Goodney PP, Sutton JE, Birkmeyer JD. Neoadjuvant chemoradiotherapy for esophageal 
carcinoma: a meta-analysis. Surgery. 2005 Feb;137(2):172–7.  

5. Gebski V, Burmeister B, Smithers BM, Foo K, Zalcberg J, Simes J, et al. Survival benefits from 
neoadjuvant chemoradiotherapy or chemotherapy in oesophageal carcinoma: a meta-analysis. Lancet 
Oncol. 2007 Mar;8(3):226–34.  

6. Fang P, Shiraishi Y, Verma V, Jiang W, Song J, Hobbs BP, et al. Lymphocyte-Sparing Effect of Proton 
Therapy in Patients with Esophageal Cancer Treated with Definitive Chemoradiation. International 
Journal of Particle Therapy. 2017 Oct;4(3):23–32.  

7. Deng W, Lin SH. Advances in radiotherapy for esophageal cancer. Ann Transl Med [Internet]. 2018 
Feb;6(4). Available from:  

8. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJH, Nicolson M, et al. 
Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl J Med. 
2006 Jul 6;355(1):11–20.  

9. Cooper JS, Guo MD, Herskovic A, Macdonald JS, Martenson JA, Al-Sarraf M, et al. Chemoradiotherapy 
of locally advanced esophageal cancer: long-term follow-up of a prospective randomized trial (RTOG 
85-01). Radiation Therapy Oncology Group. JAMA. 1999 May 5;281(17):1623–7.  

10. Chang C-L, Tsai H-C, Lin W-C, Chang J-H, Hsu H-L, Chow J-M, et al. Dose escalation intensity-
modulated radiotherapy-based concurrent chemoradiotherapy is effective for advanced-stage thoracic 
esophageal squamous cell carcinoma. Radiother Oncol. 2017 Oct;125(1):73–9. 

  



Radiation Oncology 

 

                                                                                                                                                    Page 62 of 179 
 

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 



Radiation Oncology 

 

                                                                                                                                                    Page 65 of 179 
 

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 



Radiation Oncology 

 

                                                                                                                                                    Page 86 of 179 
 

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. 



Radiation Oncology 

 

                                                                                                                                                    Page 89 of 179 
 

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.  



Radiation Oncology 

 

                                                                                                                                                    Page 103 of 179 
 

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. 

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.  
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• 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 
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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.  
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 
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possibilities for voxel based dosimetry and dose optimization. In addition, various indices like conformity 
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 
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in 4 fractions lead to improvement in local control from 78% to 88% in those receiving concurrent 
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 



Radiation Oncology 

 

                                                                                                                                                    Page 160 of 179 
 

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  
Disease related 

factors  
Treatment related factors  

Clinical decision for 
radiotherapy  

Age  
Fitness  
Co-morbidities   

Site  
Stage 
Indication for 

radiotherapy  
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  
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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 
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Figure 5: Prioritization Matrix 

 

Figure 6: Fish Bone Analysis 
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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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