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Preface 
 
 
 

The Tata Memorial Hospital has pioneered the cause of EBM in oncology in India and has been conducting 
the annual meeting on EBM in common cancers for the past eighteen years. The 19th conference on 
“Evidence Based Management of Cancers in India- EBM 2021” is being held from in a Virtual platform 
from 26th to 28th February, 2021 and 5th to 7th March, 2021.  Each year we have focused on different aspect 
of cancer care; collated and published the best available evidence in the form of “EBM book” which is also 
easily accessible at our official website. 
 
This is a broad and overarching theme, which will span all specialties involved in Cancer care including 
Surgical Technology and adjuncts; Theranostics - Radiodiagnosis/ Interventional Radiology/ Bio-imaging; 
Pathology, Radiation therapy planning and delivery; Diagnostics and Precision Medicine and Advanced 
technologies including Artificial intelligence, Big Data management. The focus is on evaluation of efficacy 
as well as practical utility and cost-effectiveness.  
 
 
This EBM conference will be led by a galaxy of national and international authorities in the multidisciplinary 
fields. The goal is to critically review and present the best available evidence and evolve management 
practices, which can be easily assimilated into clinical practice across the country. This book outlines and 
discusses these advances. 
 
 
 
 
 
 
Prof R A Badwe, 
Director, Tata Memorial Centre 
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Chapter 1: Theranostics of Neuro-endocrine Tumors 
Dr. Ameya Puranik, Dr. V Rangarajan 

Introduction 

Neuroendocrine tumors (NETs) are relatively rare tumors originating from neuroendocrine cells, distributed 
ubiquitously throughout the body. The term “neuroendocrine” relates to a peculiar characteristic or 
phenotype of these cells, namely the ability of synthesize, store and secrete neuro-hormones, 
neurotransmitters or neuromodulators, substances produced by both the endocrine and nervous systems. 
Gastroenteropancreatic neuroendocrine tumors (GEP-NET) constitute 75% of all NETs. [1] Current WHO 
classification distinguishes 3 groups of GEP-NET; reflecting roughly the different biology of tumors – highly 
differentiated neuroendocrine tumor with a proliferation rate (Ki-67) of less than 2%; highly differentiated 
neuroendocrine carcinoma with Ki-67 greater than 2% and low differentiated neuroendocrine carcinoma 
with Ki-67 greater than 20%.[2] The heterogeneous nature of neuroendocrine tumors, their indolent course 
and lack of therapeutic options for the management of advanced cases - together form the Achilles heel for 
oncologists. Therapeutic strategy in NETs is multidisciplinary and includes surgery, interventional 
radiology, medical and palliative care. Treatments such as somatostatin analogues, interferon, chemotherapy, 
new targeted drugs and peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin 
analogues are often relied on, in advanced cases. NETs usually overexpress somatostatin receptors on their 
cell surface (particularly type 2), thus enabling the therapeutic use of somatostatin analogues, one of the 
basic tools for NETs. 
Octreotide therapy is most commonly used for palliative/symptomatic treatment of functional NETs; since 
it involves competitive blockade of somatostatin receptors (SSTR), and hence depends on the documented 
presence of SSTR on tumor. Likewise, the premise of PRRT using radiolabelled somatostatin analogs is 
over-expression of SSTR on NETs.  

The conventional imaging modalities like CT (Computed Tomography), MRI (Magnetic Resonance 
Imaging) and USG (Ultrasonography) provide excellent morphologic information, but frequently miss the 
localization of the primary tumor. A recent study showed a 59% detection rate of unknown primary NET 
(CUP-NET) by 68Ga DOTANOC receptor PET/CT (Positron Emission Tomography/CT).[3] The metabolic 
dimension increases the likelihood of picking up even small volume disease, often considered equivocal on 
anatomical imaging; this can often impact the management. It is a known fact that molecular events precede 
morphologic changes by days to months. The functional information provided by PET/CT along with the 
possibility to do semi quantitative / semi-quantitative evaluation has resulted in the conceptualization of a 
‘tailored regime’. Also, the state of the art PET/CT scanners, apart from providing functional information 
about the whole body in one sitting, makes it possible to perform diagnostic CT wherever needed and give 
vital information regarding the morphology of NET - keeping in mind that not all the tumors are SSTR 
positive.[4,5] The high success of somatostatin receptor scintigraphy using 111In labeled octreotide 
(OctreoScan) encouraged the development of positron emitter based sstr specific radiopharmaceuticals.68 Ga 
is a radiometal and a positron emitter with a half-life (T1/2) of 68 min and produced from a 68Ge/68Ga-
generator (T1/2=271 day) in a convenient, fast, “in-house” preparation.[6] The same peptides labeled with 
68Ga for diagnosis can be labeled with 177Lu or 90Y for radionuclide therapy,[7] a form of personalized 
treatment which has been given the term THERANOSTICS. 
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PRRT – Basic principles 
 

Somatostatin receptor expression on the surface of neuroendocrine tumors provided an ideal target for 
imaging by PET/CT. Scintigraphic localization of neuroendocrine tumors with radiolabeled somatostatin 
analogues further led to the development of therapeutic radiopeptides targeting the same receptor. The 
labeled peptide undergoes receptor-mediated internalization and intracellular retention, leading to tumor 
targeting at the desired site. This forms the basis of Peptide Receptor Radionuclide Therapy (PRRT).  Though 
still an emerging tool, clinical trials are already underway to establish its firm place in routine oncology 
practice all over the world.[8] Peptide receptor radionuclide therapy (PRRT) can deliver radiation doses to 
tumors, which are adequate to achieve volume reduction or even cure.  

Peptide Receptor Radionuclide Therapy (PRRT) has been administered for almost two decades and is an 
established effective therapeutic modality in the treatment of inoperable or metastatic Gastro-Entero-
Pancreatic (GEP), bronchopulmonary and other neuroendocrine tumors (NETs). The two most commonly 
used radiopeptides, 90Y-octreotide and 177Lu-octreotate, produce objective response rates of 15-35%. [9-13] 

Initial studies were performed with high doses of the radiopeptide [111In-DTPA0]-octreotide. Objective 
responses or ‘measurable responses’, as seen as decrease in size and metabolic activity of tumor, were rare 
or questionable due to the short range (nanometers to micrometers) of the emission and therefore the short 
tissue penetration of the emitted Auger electrons. The radiopeptides that have been proven effective and 
which have been extensively studied are the 90Y labeled peptide - [DOTA0, Tyr3]-octreotide (DOTATOC) 
and the 177Lu labeled peptide [DOTA0, Tyr3]-octreotate (DOTATATE) [14]. Our group was the first to use 
also 90Y DOTATATE and in a large patient group 177Lu DOTATOC. We also pioneered the use of 90Y and 
177Lu DOTATATE in sequence (DUO-PRRT) and the concurrent use of 90Y and 177Lu octreotide analogues 
(TANDEM-PRRT) as well as the intra-arterial use of 90Y DOTATATE and DOTATOC. 

DOTATATE has a nine-fold higher affinity for the somatostatin receptor subtype 2 compared to 
DOTATOC.[15] In a preliminary report, 35 patients with neuroendocrine gastroenteropancreatic tumors 
were treated with escalating doses of 177Lu DOTATATE, resulting in complete and partial responses in 38% 
of patients. No serious side-effects were observed. In addition, 177Lu DOTATATE significantly improved 
the global health/quality of life and various function and symptom scales in patients with metastatic 
gastroenteropancreatic tumors.[16]  

Excretion of the radiopeptide through renal route makes it the critical organ during PRRT. The pathway 
involves proximal tubular reabsorption of the radiopeptide and the subsequent retention in the interstitium 
results in renal irradiation. This is overcome by the use of positively charged molecules, such as L-lysine 
and/or L-arginine, which competitively inhibit the proximal tubular reabsorption of the radio peptide.[17] 
Based on the animal experiments of the groups in Rotterdam and Amsterdam, our group has pioneered the 
clinical use of gelofusine in addition to amino acids for kidney protection. Gelofusine induces transient low 
molecular weight proteinuria reducing renal absorption of radiopeptides. The idea for the use of Gelofusine 
is based on the finding that gelatin-based plasma expanders enhance urinary excretion of specific megalin 
ligands, such as beta-2-microglobuline. It has been shown previously by de Jong et al [18] that megalin plays 
an essential role in the kidney uptake of somatostatin analogues. In rats, co-injection of 80 mg/kg Gelofusine 
resulted in maximum reduction of renal retention of 111In- DOTA, Tyr3-octreotate, which was further 
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improved when combined with lysine.[19] Tumor uptake of radiolabeled octreotate was not affected, 
resulting in an increased tumor to kidney ratio.[20] Therefore the use of Gelofusine for kidney protection in 
PRRT is logical. The factors that may result in decline or reduction in renal function in patients receiving 
PRRT are cumulative and per-cycle renal absorbed dose, age, hypertension and diabetes.[21]  

Though not a principal dose-limiting factor, bone marrow involvement must be considered as a potential 
source of hematotoxicity. Acute hematological toxicity is not uncommon, especially after 90Y-labeled 
peptide therapy, and the possibility of a mild, but progressive impoverishment in bone marrow reserves has 
to be considered in repeated cycles. In addition, myelodysplastic syndrome (MDS) or overt leukemia may 
develop in patients receiving high bone marrow doses, especially in those previously treated with alkylating 
agents. [22-25]  

The challenge for internal radiation therapy is to deliver the highest possible dose to the tumor while sparing 
normal organs from damage. In addition, the inter-individual differences in dose delivery should be 
considered, particularly on the account of varying metabolism or receptor density in organs and tumor 
lesions. This makes individual patient dosimetry absolutely necessary in PRRT. 

Personalized PRRT 

Unlike conventional chemotherapy regimens wherein dosage is defined based on large patient studies, such 
an approach rarely benefits in NET with variable tumor phenotypes and clinical course.[26] Though the 
protocol for therapy administration is fixed, the therapeutic decision making process is completely 
individualized. The primary end point to be achieved varies with every tumor phenotype, and one should be 
absolutely clear of what are the goals to be achieved for every patient. Important factors which go into this 
are the volume of disease, prior treatment regimens received, patients’ baseline performance status, renal 
and hematological parameters.  
Within PRRT, there are multiple options including variety of isotopes, combinations with radiosensitizing 
therapy, using somatostatin analogs etc. The ´personalised´ approach involves adjusting administered 
activity, choice of radio-isotope, sequencing and frequency of PRRT to individuals imaging phenotype and 
pathological grade.[27]  
This is to emphasize the fact that NETs are a class of tumors, with numerous subtypes of different biological 
behaviors, hence to have a standardized approach ´across the board´ is disastrous. At the same time, 
conducting randomized control trials (RCTs) in these tumors is fraught with difficulty for the same 
reason.[28] 

 

Recent Literature 
 
Multiple studies providing robust statistics have been published in the recent past. Review of all these studies 
is important to highlight the improvement in overall survival statistics in patients with NETs. Ezziddin et 
al,[29] in a retrospective study of 74 patients with metastatic GEP NET who were treated with PRRT using 
177Lu-octreotate, concluded that there was significant improvement in long-term outcome following PRRT. 
Notable result from this study was the fact that even patients with Ki-67 > 10%, achieved good treatment 
response following PRRT. The same group further narrowed down the statistics for G1/G2 pancreatic NETs 



Theranostics 

 

                                                                                                                                                    Page 11 of 17 
 

in 68 patients with inoperable metastatic disease, and achieved outstanding survival rates and treatment 
outcomes.[30] Though SRS-PET/CT imaging forms the backbone of imaging for assessment of response to 
PRRT, Severi et al [31] highlighted the role of FDG PET/CT in a retrospective analysis of 52 patients with 
advanced G1/G2 GEP-NETs. They concluded that, following treatment with PRRT, FDG PET positivity is 
suggestive of treatment-refractoriness developing in the tumor, whereas negative FDG PET is suggestive of 
good treatment response and predictor of good outcome. Kashyap et al [32] treated this subset of patients 
with FDG PET positive metastatic NET, using combination of PRRT and chemotherapy (5-fluorouracil), 
which was referred as ‘Peptide Receptor Chemoradionuclide Therapy’ (PRCRT). In 52 patients who had 
failed conventional treatment regimes, PRCRT resulted in a median PFS of 48 months, which was more 
effective as compared to alternate treatment strategies. Claringbold et al [33] conducted a phase-I/II study 
combining 177Lu-octreotate with capecitabine and temozolamide for treatment of low grade GEP NETs. 
Median PFS (Progression-free survival) of 31 months was achieved and median OS (overall survival) was 
not reached at 24 months follow-up in 90% patients. Also, no adverse events were reported in any patients. 
Sabet et al [34] assessed the PRRT-induced long-term changes in renal parameters based on GFR analysis 
on 99mTc-DTPA renal clearance studies, and reported no serious long term impairment in renal function. 
 

Future Directions 
 
These include: 

• DUO-PRRT  
• TANDEM-PRRT (administration of 177Lu and 90Y labeled sstr analogues concurrently on the same 

day) 
•  Intra-arterial PRRT (for improved dose delivery to liver metastases) 
•  Combined PRRT (in combination with other treatment modalities) 

 Trans-arterial chemoembolization (TACE), selective internal radiation therapy (SIRT), 
radiofrequency ablation (RFA)  

 Chemotherapy (e.g., use of Capecitabine, Doxorubicin)  
 Kinase inhibitors (e.g., Sunitinib, Sorafenib, Everolimus and others)  
 Antibodies (e.g., Bevacizumab) 

• Improved peptides (e.g., use of somatostatin receptor antagonists) 
• Intra-operative use of probes after PRRT with 177Lu labeled peptides 
• Improved dosimetry and radioprotection  
• Newer targets –  
 PSMA (Prostate-specific membrane antigen) 
 Neurotensin 
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Conclusion 
 

PRRT lends a significant benefit in progression free survival as well as in overall survival in metastasized 
and / or progressive G1-2 NETs as compared to other treatment modalities and regardless of previous 
therapies. Combination of Lu-177 and Y-90 (DUO) based PRRT may be more effective than either 
radionuclide alone. Thus, in patients with progressive NETs, fractionated, personalized PRRT with lower 
doses of radioactivity given over a longer period of time is effective even in advanced cases and results in 
excellent therapeutic responses. Up to 10 cycles of PRRT, given over several years were tolerated very well 
by most patients. Severe renal toxicity can be completely avoided or reduced by nephroprotection applying 
aminoacids; haematological toxicity is usually mildto moderate (except for some cases of MDS which occurs 
in 2-3%). Quality of life can be significantly improved. Though cure is rarely possible, excellent palliation 
with significant improvement of symptoms can be achieved by PRRT. In addition, neoadjuvant PRRT could 
be administered in cases of inoperable NET so as to render the tumor operable by inducing radiation induced 
necrosis and decrease in tumor size. Use of intra-arterial PRRT (>100 treatments were already performed up 
to now at our center) is more effective for selectively targeting liver metastases and large, inoperable primary 
tumors. 

PRRT should only be performed at specialized centers as NET patients need highly individualized 
interdisciplinary treatment and long term care. PRRT can be effectively combined with transarterial 
chemoembolization (TACE), radiofrequency ablation (RFA), chemotherapy (e.g., using Capecitabine/5-FU, 
Temozolomide or Doxorubicin), and kinase inhibitors (e.g. Everolimus). 

Summary 
 

• PRRT is highly effective in the management of NETs, even in advanced cases and lends a benefit in overall 
survival from time of diagnosis, of several years. There is a significant improvement of clinical symptoms 
and excellent palliation can be achieved.  

• ‘Personalised’ treatment regimen - Primary end point to be achieved varies with every tumor phenotype, and 
one should be absolutely clear of what are the goals to be achieved for every patient is essential for. 

• In patients with progressive neuroendocrine tumors, fractionated, personalized PRRT with lower doses of 
radioactivity given over a longer period of time (Bad Berka Concept) results in good therapeutic responses. 
By this concept, severe hematological and/or renal toxicity can be avoided and the quality of life can be 
improved.  

• Sequential (DUO) and concurrent (TANDEM) PRRT are more effective in progressive NETs than using 
either radiopeptide alone. 
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Chapter 2: Radionuclide Therapy in Metastatic Prostate Cancer 

Dr. Archi Agrawal, Dr. Venkatesh Rangarajan, Dr. Ameya Puranik, Dr. Sneha Shah, 
 Dr. Nilendu Purandare, Dr. Sayak Choudhary 

Introduction 
 
Development of metastatic disease is the leading cause of cancer death in men with prostate cancer (Pca) 
[1]. Patients with advanced PCa usually respond to ADT (Androgen Deprivation Therapy), but eventually 
progress to castration-resistant PCa (CRPC) in few years [2]. Previously, Docetaxel chemotherapy was used 
to treat metastatic CRPC (mCRPC), but recent large scale randomised trials have shown substantial survival 
benefits when Docetaxel is given early, with ADT, in metastatic castrate-sensitive prostate cancer (mCSPC) 
[3-5]. In the past decade, multiple new drugs have been added to the armamentarium of mCRPC – 
cabazitaxel, abiraterone, Sipuleucel and Radium 223 etc. [6]. These drugs have shown benefits based on OS 
(overall Survival) and PFS (progression-free survival). But these benefits are limited to <6 months and thus 
there is an unmet need for better treatment agents. 
 
In the last few years, few studies have shown the feasibility of 177Lutetium [177Lu] prostate specific 
membrane antigen [PSMA] in mCRPC patients who progress after multiple lines of chemotherapy and 
antiandrogen therapy [7,8]. 177-Lu is a beta and gamma emitter which binds to PSMA with very high 
affinity. PSMA is present on the surface of prostate cancer cells and shows high expression in advanced and 
metastatic prostate cancer, enabling 177Lu-PSMA therapy. 
 
A recent phase-2 trial of LuPSMA in mCRPC has shown high response rates, low toxic effects and reduction 
in pain in men with mCRPC who have progressed on conventional treatments. PSA decline of >50%, was 
achieved in 57% of patients. Objective responses were reported in 82% of patients with measurable disease. 
Longer PFS and OS was seen in patients who had >50%  decline of PSA as compared to those with <50% 
decline of PSA. PFS of 9.9 months vs 4.1 months and OS 17.0 vs 9.9 months respectively was reported (7). 
Clearly there are few advantages of LuPSMA over chemotherapy in terms of low toxicity profile, better 
tolerability and better PSA response. But often LuPSMA is given as the last resort when the patient is either 
unable to afford or unable to tolerate the toxic side-effects of chemotherapy. Few trials are underway to test 
the efficacy of LuPSMA at an earlier stage of the disease to improve outcomes in men with mCSPC [9]. 
 
However, there are a few patients who either progress after 177LuPSMA therapy or are not suitable for more 
doses due to hematological toxicity.  In such patients, PSMA ligands labeled with alpha emitter Actinium 
225 (225-AC) has been tried. The cell –killing with alpha emitters is better with less hematological toxicity 
due to short range of the alpha particle [10,11]. 

Kratochwil C et.al, in a study of 40 patients who were treated with 225Ac-PSMA , have shown good duration 
of tumor control.  A decline in PSA of > 50% was observed in 63% of patients. A median tumor control of 
9 months was observed. Long term response of more than 24 months was seen in 5 patients [12]. Xerostomia 
and mild hematologic toxicity may be seen in some patients.  22Ac- PSMA, alpha therapy is a good treatment 
option for patients who progress on 177Lu-PSMA  radioligand therapy. 
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Future direction - With the advent of effective radionuclide therapies, there are multiple options available 
for patients who progress on first and second line novel antiandrogen drugs and chemotherapeutic agents. 
There are many ongoing large trials on the use of 177Lu-PSMA , namely VISION trial, TheraP trial, 
LuTectomy trial; results of which are keenly awaited. This may lead to FDA approval of the 177Lu-PSMA 
in future.  
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