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Chapter 10  
 
FUTURE PERSPECTIVES AND CONCLUSIONS 
 
Radiolabelled somatostatin analogues have been used in the treatment of 
neuroendocrine tumours (NETs) for more than a decade. Several clinical trials 
have indicated that peptide-receptor radionuclide therapy (PRRT) with 90Y-
DOTATOC and 177Lu-DOTATATE is an active therapeutic tool in the management 
of NETs. Present knowledge and clinical studies indicate that it is possible to 
deliver high activities, and therefore high absorbed doses, to tumours expressing 
sst2 receptors, with achievement of partial and complete objective therapeutic 
responses in up to 30% of patients. Side effects, involving the kidney and the bone 
marrow, are mild if adequate renal protection is applied [1-5].  
Nonetheless, being PRRT a relatively young therapy, much is still to be understood 
and explored, and researchers are trying to give an answer to the present 
limitations and unresolved issues. PRRT, in fact, was born at the beginning of the 
nineties as the next logical step to hormonal peptide biotherapies in endocrine 
tumours, a new frontier in nuclear medicine therapy, and from the beginning 
prompted an enthusiastic use in clinical trials, although sometimes conclusions on 
the efficacy, particularly towards other therapies, were drawn from studies not 
oncologically designed for that purpose. To this respect, results, mainly with 90Y-
DOTATOC, have been inferred from many phase I-II studies, carried out by various 
groups, but rather poor in patient number and inhomogeneous as to patient 
selection, inclusion criteria, and treatment schemes [4]. Therefore, an inter-study 
comparison is virtually impossible. Clinical phase II and III trials have been skipped, 
and today the use of PRRT has become quite customary, following eagerly the 
many brilliant results obtained in patients. Still many data lack, but an oncologically 
correct sequence of clinical trials seems now out of season. 
Actually, the accomplishment of such studies in nuclear medicine, and the 
consequent knowledge on large numbers of patients, appears rather difficult to 
obtain, for many reasons, logistical, economical and political. 
Nevertheless, today, already existing radiopeptides and PRRT techniques can be 
improved.  
The exact anti-tumour efficacy of these molecules in single classes of diseases and 
in single clinical categories is still not fully defined. Theoretical considerations and 
animal studies demonstrated a better suitability of Lutetium-177 in smaller lesions 
and of Yttrium-90 in larger lesions, but, to date, 90Y-DOTATOC and 177Lu-
DOTATATE have not been comparatively studied yet, in proper phase III studies.  
Moreover, almost all the studies carried out to date focussed merely on anti-tumour 
activity and, unfortunately, due the small numbers and relatively short follow up, 
still cannot demonstrate with formal oncological significance the impact of PRRT on 
the most important aim in oncology, namely the overall survival, or at least its 
surrogate end-point, time-to-progression (TTP). The recent data from the 
Rotterdam group on the survival of 310 patients treated with 177Lu-DOTATATE 
indicate clearly an important survival in patients undergoing PRRT, with 48 months 
median disease related survival and, particularly important, a 40 month TTP. A 
rough comparison with historical groups from the literature undergoing other 
therapies indicate a consistent survival benefit [6]. Therefore, the information 
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deriving from this study is that in several patients PRRT has a largely superior 
cost/benefit ratio towards chemotherapy, and allows avoiding unnecessary toxicity. 
Nevertheless, to date the exact quantification of this benefit must still be assessed 
once and for all by means of specifically designed phase III trials.  
A further consideration can be made on the need to identify the patients who are 
going to respond to PRRT and their specific biological parameters, such as Ki-67 
proliferation index, besides the known basal OctreoScan uptake and disease 
extension.  
Apart from radiobiological speculations regarding the better irradiation of the 
smallest disease as possible, the exact place of PRRT in the therapeutic algorithm 
of NETs is still unknown. 
In addition, the possible renal and bone marrow toxicity is still not fully understood 
and remains something that scares clinicians, particularly the referring oncologists. 
Radiation burden to tumour and normal organs, in fact, is difficult to establish with 
satisfactory accuracy. Nevertheless, treating patients with an excessively 
conservative approach, not considering the individual dosimetry, may limit in turn 
the efficacy of treatment 
Safety is the dark side of the moon in radionuclide therapy with radiopeptides and 
individual dosimetry of normal organs and tumour is a preliminary step for patient 
selection and therapy planning, necessary because there are huge differences 
amongst patients as to the radiopeptide uptake in normal organs and tumour 
tissues.  
In PRRT with 90Y-peptides, dosimetry is reconstructed either from simulation with 
the 111In-labelled peptide, biochemically similar but not identical to the original one, 
and the simulation with the 86Y-labelled peptide, mimicking in every respect its 
therapeutic counterpart [7,8]. To date, no study comparing the two simulations in 
the same patients was carried out. In 177Lu-DOTATATE therapy, the gamma 
emissions of Lutetium-177 allow for dosimetry and imaging during the therapy.  
On a theoretical basis, the physical properties of Lutetium-177 make it a better 
candidate for the irradiation of smaller lesions. Unfortunately, to date a thorough 
dosimetric analysis is still lacking, but data deriving from a study comparing 177Lu-
DOTATATE to [111In-DTPA0]-octreotide indicate lower burden to organs. Again, 
researcher must answer these open issues.  
The major task for PRRT is to deliver the maximal detrimental dose to the tumour 
while limiting as much as possible the irradiation of normal organs. Currently, the 
potential risk of kidney and red marrow limits the amount of radioactivity that may 
be administered. Indeed, when tumour masses are irradiated with suitable doses, 
volume reduction may be observed [9]. Clinical experience and dosimetric studies 
clearly indicate that patient-specific organ volume and intra-organ distribution of the 
radionuclide, such as in the kidney, are crucial for a correct estimate [10] and 
should be taken into consideration in the organ dose calculation. New Monte Carlo 
analyses, accounting for the difference in radioactivity placement in organs such as 
the kidneys, by a CT-based volumetric analysis, appear more realistic. Moreover, 
being PRRT a form of continuous radiation delivery with a decreasing dose-rate 
with time, causing both lethal and sublethal damage, the newly proposed BED 
model appears to be a reliable predictor of toxicity and could thus be helpful in 
implementation of individual treatment planning [10]. In this view, a correlation of 
the dosimetric parameters with the radiobiologic features could offer a better 
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comprehension of the actual phenomena and could allow a patient specific tailored 
treatment, as to the of the tumour irradiation and the tolerability of normal organs. 
Therefore, researchers must fill this gap to define the characteristics and the role of 
PRRT in the management of NETs, and, most important, to reach the necessary 
authorizations from regulatory organizations for the commercialization and broad 
diffusion of these radiopharmaceuticals. 
Today the issues of developing new molecules and techniques can be depicted as 
how to increase the therapeutic index, thus increasing the efficacy, while lowering 
the possible toxicity. In the past ten years, together with the development of PRRT, 
also the knowledge and studies on the physiopathology of somatostatin and other 
G-protein coupled receptors increased, thus offering new strategies to be exploited 
in therapy. 
In order to increase the anti-tumour efficacy, improvements must lead to an 
increased tumour uptake, thus involving new radiopeptides with high receptor 
affinity and wide distribution on tumours, modification of the targeted receptors, and 
combination therapies.  
NETs and human cancer in general, may overexpress receptors, usually G-protein 
coupled receptors, for a variety of peptides simultaneously, such as somatostatin, 
bombesin, vasoactive intestinal peptide, cholecystokinin, substance P, GLP-1, 
neurotensin [11,12]. The ligand–receptor system that has been most extensively 
exploited in clinical nuclear medicine practice is based on somatostatin, which can 
be considered as the prototype. Classically, the receptor-mediated internalization 
and intracellular retention into the endosomes of a radiolabeled peptide has been 
considered as the biologic basis for receptor radionuclide therapy [13]. 
Nevertheless, new studies, testing the direct and selective irradiation of a cell 
target from the sole receptor binding of non-internalizing radiopeptides such as 
receptor antagonists, are changing this dogma. Recent studies demonstrated that 
radiolabelled antagonists for the sst2 and sst3 have more binding sites than 
agonists with comparable receptor affinity. This proved to compensate for the 
faster receptor dissociation, yielding higher tumour uptake and lower tumour-kidney 
ratios in the animal. [14].  
Moreover, recent observations have shown that internalization of human 
somatostatin receptor subtypes could be determined by functional homo- and 
heterodimerization between somatostatin receptors or other G-protein–coupled 
receptors, such as dopamine D2 receptor, with resulting properties that differ 
completely from those of the individual receptors as to ligand-binding affinity, 
signalling, agonist-induced regulation, and internalization [15,16]. In view of the 
dimerization phenomenon, new agonists either superselective, chimeric, or 
panagonists could represent a new option in peptide receptor radionuclide 
diagnosis and therapy. 
Other radiolabelled G-protein coupled receptor ligands have been developed in 
pre-clinical and clinical setting. These include bombesin analogues, agonists or 
antagonists, the latter again possibly superior for the higher uptake, targeting GRP-
receptor rich tumours, such as prostate or NETs [17]; pan-cholecystokinin (CCK) 
receptor binding ligands, such as minigastrin, targeting medullary thyroid, small-cell 
lung or colorectal carcinomas, that have been tested in human [18,19]; Substance-
P analogues, such as exendin-4, targeting GLP-1 receptors in insulinomas [20]. 
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Somatostatin analogues represent to date the prototype and the most successful 
paradigm of radiopeptide therapy, due to the fortunate discovery of a successful 
class of synthetic peptides, such as octreotide and its variants, and to the inhibiting 
properties of somatostatin and its analogues, which induce few and limited side 
effects. Present limitations to the human use of other receptor peptides are the 
relative poor stability in plasma of the molecules currently available for human use, 
the strong kidney uptake deriving from their high hydrophilicity, and the occurrence 
of pharmacologic stimulation effects with many of the agonists, such as those of 
bombesin or CCK receptors [21-23]. 
In order to increase the uptake of the radiopeptide, actions can be directed also 
towards the targets, by inducing an increase in receptor number. This could be 
obtained by means of gene therapy, by delivering the gene of somatostatin or other 
receptors inside the tumour cell via a viral vector [24,25], or by stimulating receptor 
up-regulation, in turn obtainable with a low-dose first therapy [26]. However, to 
date, these actions remain difficult to translate to patients. 
Nowadays, combination therapies seem a more practicable and fruitful pathway, in 
order to obtain synergistic and sensitizing effect to PRRT. Following new 
tendencies in oncology, namely the combination of cytotoxic with bioactive drugs, 
main tendencies in nuclear medicine therapy are directed towards the combined 
use of PRRT with antiangiogenic drugs, e.g. anti-VEGF, such as bevacizumab, or 
PRRT with anti-EGFR biodrugs, such as cetuximab [27]. 
Combination therapies include also the use of PRRT and radiosensitizer 
chemotherapy, such as capecitabine. A new randomized, controlled clinical 
multicenter trial comparing the safety and efficacy of the combination of 177Lu-
DOTATATE and low dose capecitabine versus 177Lu-DOTATATE as single agent, 
is presently ongoing, after a feasibility study indicating the antitumour potential and 
the limited side effects of the combination [28]. 
Combination therapies represent seemingly the most concrete way for treating 
most forms of cancer in general, and NETs specifically, also considering their 
relative indolence. In the light of these new tendencies in oncology, it must be 
remembered that PRRT with radiolabelled somatostatin analogues has not its most 
appropriate indication in extremely advanced clinical situations (a sort of “rescue 
therapy” for terminal patients), but must be considered, to any respect, as a front-
line anti-tumour treatment, to be performed preferably early in the treatment 
schedule of neuroendocrine or other cancers, and to be investigated and evaluated 
as any other oncologic tool. 
The newly proposed and mostly discussed radiopeptide candidates for future 
PRRT are the result of a change in the theory of peptide receptor therapy, namely 
the chimeric somatostatin analogues binding dimerized cross-talking receptors, 
and the bombesin or somatostatin receptor non-internalizing antagonists. 
The possible application of these peptides in clinical trials will be guided from the 
current experience on safety and efficacy of PRRT and from the exploration of the 
present open issues. 
 
References 
1. de Jong M, Valkema R, Jamar F, Kvols LK, Kwekkeboom DJ, Breeman WA, Bakker 

WH, Smith C, Pauwels S, Krenning EP. Somatostatin receptor-targeted radionuclide 
therapy of tumors: preclinical and clinical findings. Semin Nucl Med 2002;32(2):133-40. 



 136 

2. Waldherr C, Pless M, Maecke HR, Schumacher T, Crazzolara A, Nitzsche EU, 
Haldemann A, Mueller-Brand J. Tumor response and clinical benefit in neuroendocrine 
tumors after 7.4 GBq (90)Y-DOTATOC. J Nucl Med 2002; 43(5):610-6. 

3. Bodei L, Cremonesi M, Grana C, Rocca P, Bartolomei M, Chinol M, Paganelli G. 
Receptor radionuclide therapy with 90Y-[DOTA]0-Tyr3-octreotide (90Y-DOTATOC) in 
neuroendocrine tumours. Eur J Nucl Med Mol Imaging 2004 ;31(7):1038-46. 

4. Kwekkeboom DJ, Mueller-Brand J, Paganelli G, Anthony LB, Pauwels S, Kvols LK, 
O'dorisio TM, Valkema R, Bodei L, Chinol M, Maecke HR, Krenning EP. Overview of 
results of peptide receptor radionuclide therapy with 3 radiolabeled somatostatin 
analogs. J Nucl Med 2005;46 Suppl 1:62S-6S. 

5. Kwekkeboom DJ, Teunissen JJ, Bakker WH, Kooij PP, de Herder WW, Feelders RA, 
van Eijck CH, Esser JP, Kam BL, Krenning EP. Radiolabeled somatostatin analog 
[177Lu-DOTA0,Tyr3]octreotate in patients with endocrine gastroenteropancreatic 
tumors. J Clin Oncol 2005; 23(12):2754-62 

6. Kwekkeboom DJ, de Herder WW, Kam BL, van Eijck CH, van Essen M, Kooij PP, 
Feelders RA, van Aken MO, and Krenning EP. Treatment With the Radiolabeled 
Somatostatin Analog [177Lu-DOTA0,Tyr3]Octreotate: Toxicity, Efficacy, and Survival. J 
Clin Oncol 2008;26:2124-2130 

7. Cremonesi M, Ferrari M, Zoboli S, Chinol M, Stabin MG, Orsi F, Maecke HR, Jermann 
E, Robertson C, Fiorenza Tosi G, Paganelli G. Biokinetics and dosimetry in patients 
administered with 111In-DOTA-Tyr3-octreotide: implications internal radiotherapy with 
90Y-DOTATOC. Eur J Nucl Med 1999;26(8):877–86. 

8. Walrand S, Jamar F, Mathieu I, De Camps J, Lonneux M, Sibomana M, et al. 
Quantitation in PET using isotopes emitting prompt single gammas: application to 
yttrium-86. Eur J Nucl Med Mol Imaging 2003;30:354–61. 

9. Pauwels S, Barone R, Walrand S, Borson-Chazot F, Valkema R, Kvols LK, Krenning 
EP, Jamar F. Practical dosimetry of peptide receptor radionuclide therapy with (90)Y-
labeled somatostatin analogs. J Nucl Med. 2005 Jan;46 Suppl 1:92S-8S. 

10. Barone R, Borson-Chazot F, Valkema R, Walrand S, Chauvin F, Gogou L, Kvols LK, 
Krenning EP, Jamar F, Pauwels S. Patient-specific dosimetry in predicting renal toxicity 
with (90)Y-DOTATOC: relevance of kidney volume and dose rate in finding a dose-
effect relationship. J Nucl Med 2005; 46 Suppl 1:99S-106S. 

11. Reubi JC, Waser B. Concomitant expression of several peptide receptors in 
neuroendocrine tumours: molecular basis for in vivo multireceptor tumour targeting. Eur 
J Nucl Med Mol Imaging. 2003;30:781–793. 

12. Reubi JC, Körner M, Waser B, Mazzucchelli L, Guillou L. High expression of peptide 
receptors as a novel target in gastrointestinal stromal tumours. Eur J Nucl Med Mol 
Imaging. 2004 Jun;31(6):803-10. 

13. Breeman WA, de Jong M, Kwekkeboom DJ, et al. Somatostatin receptor-mediated 
imaging and therapy: basic science, current knowledge, limitations and future 
perspectives. Eur J Nucl Med. 2001;28:1421–1429. 

14. Ginj M, Zhang H, Waser B, Cescato R, Wild D, Wang X, Erchegyi J, Rivier J, Mäcke 
HR, Reubi JC. Radiolabeled somatostatin receptor antagonists are preferable to 
agonists for in vivo peptide receptor targeting of tumors. Proc Natl Acad Sci U S A. 
2006 Oct 31;103(44):16436-41. 

15. Jaquet P, Gunz G, Saveanu A, et al. Efficacy chimeric molecules directed towards 
multiple somatostatin and dopamine receptors on inhibition of GH and prolactin 
secretion from GH-secreting pituitary adenomas classified as partially responsive to 
somatostatin analog therapy. Eur Endocrinol. 2005;153:135–141. 

16. Ferone D. Arvigo M, Semino C, et al. Somatostatin and dopamine receptor expression 
in lung carcinoma cells and effects of chimeric somatostatin-dopamine molecules on 
cell proliferation. Am J Physiol Endocrinol Metab. 2005;289:E1044-E1050. 



 137 

17. Cescato R, Maina T, Nock B, Nikolopoulou A, Charalambidis D, Piccand V, Reubi JC. 
Bombesin receptor antagonists may be preferable to agonists for tumor targeting. J 
Nucl Med. 2008 Feb;49(2):318-26. 

18. Behr TM, Jenner N, Béhé M, Angerstein C, Gratz S, Raue F, Becker W. Radiolabeled 
peptides for targeting cholecystokinin-B/gastrin receptor-expressing tumors. J Nucl 
Med. 1999 Jun;40(6):1029-44. 

19. Laverman P, Roosenburg S, Gotthardt M, Park J, Oyen WJ, de Jong M, Hellmich MR, 
Rutjes FP, van Delft FL, Boerman OC. Targeting of a CCK(2) receptor splice variant 
with (111)In-labelled cholecystokinin-8 (CCK8) and (111)In-labelled minigastrin. Eur J 
Nucl Med Mol Imaging. 2008 Feb;35(2):386-92. 

20. Körner M, Stöckli M, Waser B, Reubi JC. GLP-1 receptor expression in human tumors 
and human normal tissues: potential for in vivo targeting. J Nucl Med. 2007 
May;48(5):736-43. 

21. Melis M, Krenning EP, Bernard BF, de Visser M, Rolleman E, de Jong M. Renal uptake 
and retention of radiolabeled somatostatin, bombesin, neurotensin, minigastrin and 
CCK analogues: species and gender differences. Nucl Med Biol. 2007 Aug;34(6):633-
41. 

22. Gotthardt M, van Eerd-Vismale J, Oyen WJ, de Jong M, Zhang H, Rolleman E, Maecke 
HR, Béhé M, Boerman O. Indication for different mechanisms of kidney uptake of 
radiolabeled peptides. J Nucl Med. 2007 Apr;48(4):596-601. 

23. Deacon CF. What do we know about the secretion and degradation of incretin 
hormones? Regul Pept. 2005 Jun 15;128(2):117-24. 

24. Ferone D, Resmini E, Boschetti M, Arvigo M, Albanese V, Ceresola E, Pivonello R, 
Albertelli M, Bianchi F, Giusti M, Minuto F. Potential indications for somatostatin 
analogues: immune system and limphoproliferative disorders. J Endocrinol Invest. 
2005;28(11 Suppl International):111-7. 

25. Rogers BE, Parry JJ, Andrews R, Cordopatis P, Nock BA, Maina T. MicroPET imaging 
of gene transfer with a somatostatin receptor-based reporter gene and (94m)Tc-
Demotate 1. J Nucl Med. 2005 Nov;46(11):1889-97. 

26. Capello A, Krenning E, Bernard B, Reubi JC, Breeman W, de Jong M. 111In-labelled 
somatostatin analogues in a rat tumour model: somatostatin receptor status and effects 
of peptide receptor radionuclide therapy. Eur J Nucl Med Mol Imaging. 2005 
Nov;32(11):1288-95 

27. Murthy R, Eng C, Krishnan S, Madoff DC, Habbu A, Canet S, Hicks ME. Hepatic 
yttrium-90 radioembolotherapy in metastatic colorectal cancer treated with cetuximab or 
bevacizumab. J Vasc Interv Radiol. 2007 Dec;18(12):1588-91. 

28. van Essen M, Krenning EP, Kam BL, de Herder WW, van Aken MO, Kwekkeboom DJ. 
Report on short-term side effects of treatments with (177)Lu-octreotate in combination 
with capecitabine in seven patients with gastroenteropancreatic neuroendocrine 
tumours. Eur J Nucl Med Mol Imaging. 2008;35:743–748. 




