
 

 

 University of Groningen

Peptide receptor radionuclide therapy with radiolabelled somatostatin analogues
Bodei, Lisa

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2009

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Bodei, L. (2009). Peptide receptor radionuclide therapy with radiolabelled somatostatin analogues. [Thesis
fully internal (DIV), University of Groningen]. [s.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/50d38b5e-e88e-487c-87f8-3ea21f6e7ae5


 1 

PEPTIDE RECEPTOR RADIONUCLIDE THERAPY WITH 
RADIOLABELLED SOMATOSTATIN ANALOGUES 



 2 

The work presented in this thesis has started at the European Institute of 
Oncology, Milano, where most of work has been performed. Some articles have 
been made in collaboration with “Sapienza” University of Roma and University 
Medical Center Groningen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISBN: 978-90-367-3770-8 (book version) 
ISBN: 978-90-367-3769-2 (digital version) 
 
 
 
 
 
 
Cover picture: 
Giandomenico Tiepolo 
The Procession of the Trojan Horse in Troy 
Oil on Canvas, The National Gallery, London 
 
© 2008 Lisa Bodei 
 
The printing of this thesis was financially supported by: PerkinElmer Inc.



 3 

 
 

RIJKSUNIVERSITEIT GRONINGEN 
 
 

PEPTIDE RECEPTOR RADIONUCLIDE THERAPY WITH 
RADIOLABELLED SOMATOSTATIN ANALOGUES 

 
 
 
 
 
 
 
 
 

Proefschrift 

 

 

 

ter verkrijging van het doctoraat in de 

Medische Wetenschappen 

aan de Rijksuniversiteit Groningen 

op gezag van de 

Rector Magnificus, dr. F. Zwarts, 

in het openbaar te verdedigen op 

woensdag 6 mei 2009 

om 14.45 uur 

 

 

 

 

door 

 

Lisa Bodei 

geboren op 12 juli 1969 

te Pisa, Italië 



 4 

Promotores:    Prof.dr. R.A.J.O. Dierckx 

Prof.dr. A. Signore 

 

 

Copromotor:    Dr. G. Paganelli 

 

 

Beoordelingscommissie:  Prof.dr. E.P. Krenning 

Prof.dr. C. Van de Wiele 

Prof.dr. B.H. Wolffenbuttel 

 

 

 



 5 

  
 
To my family 



 6 

INDEX 
 

1- Introduction: neuroendocrine tumours (J Endocrinol Invest 2009, in press) 

2- Peptide receptor therapies in NET (J Endocrinol Invest 2009, in press) 

3- In vivo and in vitro detection of dopamine D2 receptors in uveal 
melanomas (Cancer Biother & Radioph 2003;18(6):895-902) 

 
4- Dopamine receptor expression and function in corticotroph ectopic tumors 

(J Clin Endocrinol Metab. 2006 Oct 10; 2007 Jan;92(1):65-9) 
 

5- Receptor-mediated radiotherapy with 90Y-DOTA-D-Phe1-Tyr3-octreotide 
(Eur J Nucl Med 2001 Apr;28(4):426-34) 

 
6- Receptor-mediated radionuclide therapy with 90Y-DOTATOC in association 

with amino acid infusion: a phase I study (Eur J Nucl Med 2003;30:207–
216) 

 
7- Receptor radionuclide therapy with 90Y-DOTATOC in patients with 

medullary thyroid carcinomas (Cancer Biother & Radioph 2004;19(1):65-
71) 

 
8- Receptor radionuclide therapy with 90Y-[DOTA]0-Tyr3-octreotide (90Y-

DOTATOC) in neuroendocrine tumours (Eur J Nucl Med Mol Imaging 
2004; 7:1038-1046) 

 
9- Long-term evaluation of renal toxicity after peptide receptor radionuclide 

therapy with 90Y-DOTATOC and 177Lu-DOTATATE: the role of associated 
risk factors (Eur J Nucl Med Mol Imaging 2008;35(10):1847-56) 

 
10-  Future perspectives and conclusions 

 
11-  Summary 

 
12-  Curriculum vitae et studiorum 

 
13- Acknowledgements 

 
 
 
 
 
 
 
 



 7 

Chapter 1 
 
INTRODUCTION: NEUROENDROCRINE TUMOURS 
 
Lisa Bodei, 1Diego Ferone, Chiara M. Grana, 2Marta Cremonesi, 3,4Alberto Signore, 
4Rudi A. Dierckx, Giovanni Paganelli. 
 
Divisions of Nuclear Medicine and 2Medical Physics, European Institute of 
Oncology, Milano, Italy 
1Department of Endocrinological & Medical Sciences (DISEM), University of 
Genova, Italy; 
3Sapienza" University of Roma, Italy; 
4University Medical Center Groningen, University of Groningen, The Netherlands. 
 
Journal of Endocrinological Investigations 2009, in press 
 
Abstract 
Neuroendocrine tumours (NETs) are relatively rare tumours, mainly originating 
from the digestive system, able to produce a number of specific bioactive amines 
and hormones, with specific clinical and biochemical presentations. 
Since 2000, the WHO classification of endocrine tumours has clearly defined the 
neuroendocrine phenotype. 
 
Neuroendocrine tumours 
Neuroendocrine tumours (NETs) are relatively rare tumours originating from 
dispersed neuroendocrine cells, distributed almost ubiquitously in the body. The 
term “neuroendocrine” relates to a peculiar characteristic or phenotype of these 
cells, namely the ability of synthesise, store and secrete neuro-hormones, neuro-
transmitters or neuromodulators, substances produced by both the endocrine and 
nervous systems [1,2]. 
Historical facts 
In 1907 the pathologist Siegfried Oberndorfer described for the first time a peculiar 
tumour of the small intestine, which he called "Karzinoide Tumor" (carcinoid). 
Lately, in 1914 Pierre Masson suggested the endocrine origin of these kind of 
tumors, whereas Friedrich Feyrter and Anthony Pearse introduced for the first time 
the concept of diffuse endocrine system, from which tumours like carcinoids may 
originate. Further studies showed that each endocrine cell could express specific 
hormonal peptides and general markers, such as synaptophysin and chromogranin 
A (CgA). This led to the term neuroendocrine cell system and consequently NETs 
[3]. 
Histopathological features 
From a morpho-fuctional point of view, the neuroendocrine system is composed by 
three major compartments: 1) the neurones in central and peripheral nervous 
system; 2) the epithelial endocrine cells dispersed mainly throughout the gastro-
enteric and respiratory tracts, but also within the thyroid, the thymus, the skin, the 
breast, the larynx, the kidney, the urinary bladder and the prostate, and those 
assembled in units, such as Langherhans islets in pancreas; 3) the classic 
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endocrine organs, such as anterior pituitary, parathyroid glands and adrenal 
medulla [4]. 
Each cell of the neuroendocrine system is able to produce a number of specific 
hormones, such as gastrin, insulin, serotonin, somatostatin, glucagon, pancreatic 
polypeptide, and VIP in gastro-enteropancreatic (GEP) tract, catecolamines in 
adrenal medulla, ACTH, GH, prolactin, FSH, LH or TSH in anterior pituitary, and 
PTH in parathyroid glands. Conversely, the majority of these cells are also able to 
produce chromogranins and synaptophysin, which are considered aspecific 
markers of neuroendocrine cells [5]. 
From a functional point of view, neuroendocrine cells can act either via an 
autocrine/paracrine or endocrine mechanisms. These different functional pathways 
reflect the complexity of neuroendocrine system, which is important in the 
development of various apparatuses and in the regulation of metabolic, 
chemoreceptor, motility and secretion functions [6].   
Neoplasms arising from this system are named NETs. Their annual incidence 
ranges from 1 to 2 cases/100.000/year, but it is probably underestimated. An 
accurate epidemiology of NETs is rather difficult, mainly due to their relatively 
recent identification as autonomous pathological entities, and, particularly, to the 
continuous development of their classification. According to the tumour registry of 
the National Cancer Institute in Bethesda, they represent 2.2% of the database in a 
period of observation ranging from 1973 and 2002. The main part is represented 
by tumours of the respiratory tract (65.6%), mostly small-cell lung carcinomas, 
followed by those originating from the digestive system (17.2%), and a 
miscellaneous group including breast, genito-urinary, endocrine and other systems. 
Excluding small-cell lung carcinomas, a particularly aggressive tumour deserving 
separate considerations, the most frequent NETs occur in the digestive tract (66%), 
followed by the remaining of the respiratory tract (31%). The incidence of 
“carcinoids” seems increasing by 3-10% per year, due to improvement of the 
diagnostic procedures and, generally, to better knowledge on this subject, with a 
prevalence of 0.75% of all malignancies in 1994 and of 1.25% in 2004 [7,8].  
The neuroendocrine profile is the antigenic feature of NET cells and is defined by 
the expression of several generic and specific cellular markers, General markers 
are present in all neuroendocrine cells and allow the assessment of the 
neuroendocrine nature of the cell under investigation. These antigens can be either 
located in the cytosol, such as neuron-specific enolase (NSE), or associated with 
secretory vesicles, such as chromogranins and synaptophysin. Specific markers 
include the amine or hormone produced by the cell, which generally produce the 
related paraneoplastic syndrome [9]. 
Histopathotological classification 
NETs can be either functioning or non-functioning. The endocrine cells of the GEP 
tract are highly specialised epithelial cells, able to produce a number of bioactive 
substances or hormones, such as gastrin, insulin, glucagon, somatostatin, PP, etc, 
and to store them in sub-organelles called “secretory vesicles”. In this sense, the 
GEP tract is probably the largest and most complex endocrine organ in the body.  
NETs represent different pathological entities, depending on the origin. Roughly, 
according to a “surgical” criterion, NETs are divided into three different categories: 
those arisen in neuroendocrine organs, such as medullary thyroid carcinomas, 
pancreatic endocrine tumours, pheochromocytomas and paragangliomas; those 
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arisen from dispersed neuroendocrine cells, such as bronchial or gastro-enteric 
NETs; finally, those arisen from non neuroendocrine organs, such as thymus or 
cutanous NETs.  
The diagnosis of NET is based on the conventional histology and the 
immunohistochemical characterisation of the aforementioned neuroendocrine 
markers (CgA, synaptophysin), or hormones (gastrin, insulin, etc.). Size, angio-
invasion, proliferation activity (Ki-67), histological differentiation, and the presence 
of metastases should also be taken into consideration. The proliferation marker Ki-
67 determines tumour grade and gives specific prognostic indications, especially in 
digestive tract. Since 2000, the WHO classification of endocrine tumours has 
clearly defined the neuroendocrine phenotype. Since then, the traditional 
classification of carcinoids in foregut (lung, thymus, stomach, duodenum and 
pancreas), midgut (small intestine) and hindgut (distal colon and rectum), was 
abandoned and substituted by the terms NET and carcinoma. Nevertheless, the 
term carcinoid has been maintained for tumours arising from lung and thymus (see 
below), and sometimes remains in the current clinical practice indicating, actually, 
well-differentiated neuroendocrine carcinomas. The WHO classification is based on 
the evaluation of cellular grading, primary tumour size and site, cell proliferation 
markers, local or vascular invasivity, and the production of biologically active 
substances. The main categories of tumours are well differentiated endocrine 
tumours (benign and/or unknown behaviour, with a low grade of malignancy), well 
differentiated endocrine carcinomas (more aggressive due to the possibility of 
metastases), poorly differentiated endocrine carcinomas (with a high grade of 
malignancy and a poor prognosis); mixed exocrine–endocrine tumours [10,11]. 
This classification applies easily to NETs of the GEP tract (Table 1), while it has 
been criticised for lung (and thymic) tumours, which are often classified according 
to Travis, who recognised typical and atypical carcinoids (corresponding to low-
grade NETs), and large-cell neuroendocrine carcinoma (LCNC) and small-cell lung 
cancer (SCLC) (corresponding to high-grade NETs), the most prevalent one (even 
89%, according the SEER database of National Cancer Institute). The WHO 
diagnostic criteria for a typical carcinoid are: carcinoid morphology and <2 
mitoses/10 HPF (high power field), absent necrosis and 0.5 cm or larger. An 
atypical carcinoid has carcinoid morphology with 2–10 mitoses/10 HPF and/or 
areas of necrosis [12-14].  
Clinical presentation 
NETs tend to be slow growing (although there are aggressive forms) and are often 
diagnosed when they have already metastasised, thus when a radical treatment is 
no longer possible. They may present with symptoms related to the inappropriate 
peptide and neuroamine hypersecretion or, especially the non-functioning ones, 
which are the majority, with symptoms related to their mass effect. Even in 
functioning tumours, despite the presence of a distinct clinical syndrome, 
symptoms are frequently unrecognised, and diagnosis is often delayed to the 
metastatic phase, involving usually the liver. 
Most of NETs are sporadic, but occasionally, they may be part of inherited 
syndromes, known as multiple endocrine neoplasia type 1 and 2 (MEN1 and 
MEN2). Five other inherited diseases show a more heterogeneous clinical pattern, 
with mainly non-endocrine tumours (Von Hippel-Lindau, neurofibromatosis type 1, 
tuberous sclerosis, succinate dehydrogenase, and McCune-Albright syndromes). 
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NETs cover a wide spectrum of diseases, differing as to the site of origin, the type 
of secretion and, thus, the clinical syndrome, and as to the histopathological and 
clinical growth characteristics.  
Gastric NETs (the so-called “carcinoids”) are typically multiple, small, and usually 
benign. They are associated with hypergastrinaemia, and can be of type 1, 
following atrophic gastritis or type 2, in the Zollinger-Ellison syndrome. Type 3 
gastric carcinoids are not associated with hypergastrinaemia and are single large 
lesions, usually with distant metastases. Duodenal NETs frequently secrete gastrin 
and cause Zollinger-Ellison syndrome, as part of MEN1. Intestinal and appendix 
NETs (the so-called classic “carcinoids”, described by Oberndorfer) derive from 
enterochromaffin cells and are mainly non-functioning. Examples of functioning 
tumours are metastatic carcinoids, that may present with the carcinoid syndrome, 
typical or atypical, with cutaneous flushing, diarrhoea and abdominal pain, due to 
the over-production and release in the systemic circulation of bioactive amines, 
mostly serotonin and hystamine. These tumours commonly arise from small 
intestine and appendix. Colonic carcinoids are frequently large, non-functioning, 
with a poor prognosis, while rectal ones are small, and rarely metastasise.  
NETs in the pancreas are usually large and up to 50% have synchronous liver 
metastases. Functioning pancreatic islet cell tumours may present with syndromes 
related to the hyper-production of insulin, gastrin, VIP, glucagon, somatostatin, etc., 
thus forming markedly different clinical and pathological entities. Insulinomas are 
often small and benign lesions causing hypoglicaemia. Gastrinomas are less 
common than in the duodenum, but are generally malignant and cause Zollinger-
Ellison syndrome, in 25% of cases associated to MEN1. Glucagonomas cause 
diabetes and a characteristic rash (necrolytic migratory erythema). Finally, 
VIPomas may produce severe diarrhoea, hypokaliemia and aclorhydria (WDHA or 
Whipple syndrome). Rare tumours may secrete ACTH, GH-RH, PTH-RP and 
somatostatin [15]. 
Thoracic NETs include typical and atypical carcinoids, large cell neuroendocrine 
carcinomas and small cell carcinomas, the most common ones. Carcinoids 
frequently express the TTF-1 marker, which is pathognomonic, especially in the 
most aggressive forms [16]. The majority of patients with bronchial NETs have 
symptoms at presentation, such as cough, haemoptysis, and pneumonia (a 
classical triad), resulting from the luminal obstruction and ulceration of the tumour. 
Typical carcinoid presents characteristically as a central lesion, with signs and 
symptoms of bronchial obstruction. They display a relatively benign biological 
behaviour. Carcinoid syndrome occurs when liver metastases are present, which 
contribute to shed active amines in systemic circulation. Other syndromes related 
to hormonal over-production include Cushing syndrome, due to ACTH secretion, 
and acromegaly, due to GH-RH secretion. Atypical carcinoids, frequently peripheral 
and functioning, are considered biologically aggressive, with lymphatic and 
haematogenous metastases. Large cell neuroendocrine carcinoma is an 
aggressive and rare form, usually amply metastatic at diagnosis, causing rapid 
deterioration of clinical status. Paraneoplastic syndromes are sporadic. Finally, 
small cell lung carcinoma is a particularly aggressive and frequent tumour, early 
metastasising through lymphatic and haematogenous ways, extremely 
chemosensitive but also easily relapsing and with a poor prognosis. Mediastinal 
syndrome caused by lymph node metastases is frequent at the clinical 
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presentation, often accompanied by distant metastases, such as in the brain or 
bones. In many cases, paraneoplastic syndromes occur, particularly Cushing and 
the syndrome of inappropriate antidiuretic hormone secretion (SIADH) [17-19].  
 
Biochemical profile 
Together with histopathologic analysis and clinical evaluation, serum hormone 
assays are the pivots of diagnosis. Some markers are common to the majority of 
NETs, among these Cg-A and B, pancreatic polypeptide, NSE, and � and � chains 
of chorionic gonadotropin. On the other hand, specific hormone markers suggest 
specific tumours, such as serotonin or its breakdown urinary product 5-hydroxy-
indole-acetic acid (5-HIAA) in gastro-intestinal and bronchial carcinoids, insulin and 
C-peptide in pancreatic insulinomas, or gastrin in duodenal gastrinomas. Plasma 
CgA is a very sensitive (99%) marker of NETs, and correlates with tumour volume 
and burden and with the outcome of therapy, although it is non-specific, as it is 
elevated also in SCLC and in prostate carcinoma. Main causes of false-positives 
are therapy with proton pump inhibitors, renal impairment, and atrophic gastritis. 
Recently, it has been suggested that alkaline phosphatase is a better predictor of 
survival than CgA [20,21]. 
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Table 1. WHO classification of NET of the gastrointestinal tract (Modified from 11) 
STOMACH, ILEUM, COLON PANCREAS 

1- Well-differentiated Endocrine Tumour 
(“carcinoid”) 

1- Well-differentiated Endocrine Tumour 

(A)  Benign behaviour (A)  Benign behaviour 

Confined to mucosa-submucosa, non-angioinvasive Confined to the pancreas, non-angioinvasive 

Size: �1 cm (stomach and small intestine) or �2 cm 
(colon) 

Size: <2 cm; Mitoses: �2; Ki67 positive cells/10 
HPF: �2% 

(B) Uncertain behaviour (A) Uncertain behaviour 

Confined to mucosa-submucosa, angioinvasive Confined to the pancreas 

Size: >1 cm (stomach or small intestine) or >2 cm 
(colon) 

Size: �2 cm; Mitoses: >2, or angioinvasive; Ki67 
positive cells/10 HPF: >2% 

2- Well-differentiated Endocrine Carcinoma 
(“malignant carcinoid”) 

2- Well-differentiated Endocrine Carcinoma 

Low-grade malignant tumour Low-grade malignant tumour with gross local 
invasion/metastases 

Deeply invasive or metastatic  Ki67 positive cells/10 HPF: >5% 

3- Poorly-differentiated Endocrine Carcinoma 3- Poorly-differentiated Endocrine Carcinoma 

Small-cell carcinoma Small-cell carcinoma 

High-grade malignant tumour High-grade malignant tumour; Ki67 positive cells/10 
HPF: >15% 

4- Mixed Endocrine/Exocrine Carcinoma 4- Mixed Endocrine/Exocrine Carcinoma 

Moderate to high-grade malignant tumour Moderate to high-grade malignant tumour 
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Chapter 2 
 
PEPTIDE RECEPTOR THERAPIES IN NEUROENDOCRINE TUMOURS 
 
Lisa Bodei, 1Diego Ferone, Chiara M. Grana, 2Marta Cremonesi, 3,4Alberto Signore, 
4Rudi A. Dierckx, Giovanni Paganelli. 
 
Divisions of Nuclear Medicine and 2Medical Physics, European Institute of 
Oncology, Milano, Italy 
1Department of Endocrinological & Medical Sciences (DISEM), University of 
Genova, Italy; 
3Sapienza" University of Roma, Italy; 
4University Medical Center Groningen, University of Groningen, The Netherlands. 
 
Journal of Endocrinological Investigations 2009 in press 
 
Introduction 
Neuroendocrine tumours (NETs) are relatively rare tumours, mainly originating 
from the digestive system, able to produce a number of specific bioactive amines 
and hormones. 
Since 2000, the WHO classification of endocrine tumours has clearly defined the 
neuroendocrine phenotype. 
Treatment of NETs is typically multidisciplinary and should be individualised 
according to the tumour type, burden, and symptoms. Therapeutic tools in NETs 
include surgery, interventional radiology and medical treatments such as 
somatostatin analogues, interferon, chemotherapy, new targeted drugs and 
peptide receptor radionuclide therapy (PRRT) with radiolabelled somatostatin 
analogues. 
NETs usually over-express somatostatin receptors on their cell surface, thus 
enabling the therapeutic use of somatostatin analogues, one of the basic tools for 
NETs. Somatostatin analogue biotherapy is able to reduce signs and symptoms of 
hormone hypersecretion, to improve quality of life and to slow tumour growth. 
Interferons, and particularly �-interferon, have been used in NETs, with similar 
therapeutic effects. Presently, the combined use of �-interferon and somatostatin 
analogues as first-line therapy is not justified by data in literature, while it could be 
indicated after progression to a single agent. 
 
Diagnosis  
The localisation of a NET and the assessment of the extent of disease are crucial 
for management. Nowadays, commonly used diagnostic techniques include 
conventional radiology with transabdominal ultrasound, computerized tomography 
(CT), and magnetic resonance (MRI), selective angiography with hormonal 
sampling, and functional imaging with widely available techniques like 111In-
octreotide (OctreoScan) or, more recently, somatostatin receptor PET with 68Ga-
octreotide, as well as experimental methods available only in some centres, such 
as 99mTc-EDDA/HYNIC-Tyr3-octreotide scintigraphy, or PET with 18F-levo-DOPA, 
11C-5-hydroxytryptophan, or 86Y-DOTATOC. No technique is the gold standard, 
and specific sequences of exams might be needed for each tumour type. Only a 
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combination of two or more imaging techniques, usually leads to diagnosis and 
staging. Despite all efforts, a consistent number of NETs (up to 50%) remains with 
an unknown primary site. Usually, radiological techniques (such as ultrasound, CT, 
or MRI) are useful in the localisation of the primary tumour, particularly if non-
functioning, while nuclear medicine aids in the evaluation of the extent of disease, 
staging and therapy decision making. In functioning tumours, receptor scintigraphic 
techniques may also allow the localisation of the primary tumour when it is placed 
in anomalous sites, such as the described cardiac septum gastrinoma, or in difficult 
areas, such as the mesenteric region or peripheral bronchia. 
In pancreatic NETs, contrast-enhanced three-phase CT or MRI are able to localise 
60-94% of the primaries, angiography up to 75%, and 111In-octreotide scintigraphy 
up to 77-85% of the primary lesions [1]. Sensitivity of OctreoScan is usually less for 
insulinomas due to a variable somatostatin receptor expression, but this technique 
is able to explore the whole body and gives important therapeutic indications for 
somatostatin analogue therapy. Endoscopic ultrasound is useful in the diagnosis 
and staging of intramural lesions of the duodenum, pancreas, stomach and rectum, 
and can detect up to 60% of duodenal and up to 100% of pancreatic lesions. For 
liver metastases, MRI proved to be the best technique, showing the highest 
number of lesions, followed by CT and 111In-octreotide scintigraphy. The latter has 
the lowest sensitivity for liver metastases because of low spatial resolution (about 1 
cm) and physiological liver metabolism of the radiopharmaceutical. Nevertheless, it 
has been published that 111In-octreotide scintigraphy is able to modify therapeutic 
strategy in up to 53% of cases. None of the imaging techniques is able to give 
prognostic information, but a high tumour burden and a negative 111In-octreotide 
are associated with a poor prognosis. Moreover, a high 111In-octreotide uptake is 
associated to a higher probability of response to radiolabelled somatostatin 
analogues [2,3-7]. 
In thoracic tumours, CT, OctreoScan and flexible optic fibre (echo)bronchoscopy 
with biopsy or cytology, are the techniques of choice and have therapeutic 
implications. For example, 111In-octreotide can indicate somatostatin analogue 
therapy, while bronchoscopy may allow a laser dis-obstruction. 
Recently, the introduction of PET tracers other than 18FDG, which simply assesses 
metabolic activity, and is useful only in aggressive NETs, prompted a new era in 
the receptor imaging of these tumours. The use of 11C-5-hydroxytryptophan and 
18F-levo-DOPA first, and, more recently, 68Ga-labelled octreotide (68Ga-DOTANOC 
and –DOTATOC), allows the scintigraphic detection of NETs with dedicated 
PET/TC hybrid tomographs, thus increasing the lesion sensitivity to about 4-5 mm, 
and with CT fusion imaging to give an anatomical correlation to the areas of 
uptake. Nevertheless, these latter techniques are still under evaluation and not yet 
validated [8-10].  
Nowadays, developments involve also radiological techniques. Ultrasound, with the 
use of intravenous “microbubble” contrast media, can better detect liver 
metastases and primary pancreatic tumours. CT, with the recording of dynamic 
contrast-enhanced three-phase images, can detect liver lesions as small as 3 mm. 
Dynamic MRI with the new liver specific contrast agents, such as those exploiting 
the super-paramagnetic effect of iron oxide particles distributed in the 
reticuloendothelial system, can improve the detection of liver and lymph node 
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metastases. Finally, videocapsule and double-balloon enteroscopy can identify 
otherwise undetectable small intestine tumours [11-14].  
It must be considered that different kind of tumours may pose different diagnostic 
dilemmas. For example, an insulinoma will often be a small lesion not expressing 
somatostatin receptors, and therefore it will be best imaged by endoscopic and 
even intraoperative ultrasound. On the other hand, gastrinomas can present as 
large lesions, usually expressing somatostatin receptors, and receptor imaging 
techniques, exploring the whole body, will have a pivotal role [15,2]. Furthermore, 
medullary thyroid carcinomas often express somatostatin receptors and imaging 
with 111In-ocreotide or, even better, 99mTc-EDDA/HYNIC-Tyr3-octreotide 
scintigraphy is the most sensitive imaging modality for diagnosis but also for 
staging and follow-up [16]. 
 
Therapy 
Treatment of NETs is typically multidisciplinary and should be individualised based 
on the tumour type and burden, as well as symptoms. Being NETs relatively new 
clinico-pathological entities, different algorithms have being proposed and applied 
by various centres. Consensus conferences have taken place to unify these 
schemes. Considering these limitations, the therapeutic tools in NETs include 
surgery, interventional radiology and medical treatments such as somatostatin 
analogues, interferon, chemotherapy, new targeted drugs and peptide receptor 
radionuclide therapy (PRRT) [2]. 
Surgery is fundamental in many phases, from the eradication of the primary, to the 
debulking of metastatic lesions, in view of other therapies, in order to control 
debilitating symptoms due to hormone overproduction or with a pure palliative 
intent. The main limitation of surgery is the frequent presence of synchronous 
metastatic disease, thus relegating the role of curative surgery only to 20% of 
cases [17]. Metastatic disease is classically considered as a contra-indication, 
although surmountable in selected situations within a multidisciplinary approach, 
when surgery represents a step of debulking in view of other loco-regional and/or 
systemic treatments. 
Each tumour site has specific features and therefore specific surgical techniques 
apply to it. For example, tumours located in the head of pancreas or in the 
duodenum are treated with the Whipple pancreatico-duodenectomy, while ileal 
carcinoids are usually treated with ileal resection plus right hemicolectomy. For 
oncological radicality, regional lymph node dissection should be performed as well 
[18].  
In case of bronchial carcinoids, surgery, including lymphoadenectomy, is the option 
of choice, with varying resection modalities, from atypical resections to 
pneumonectomy, according to oncological radicality criteria. For the more 
aggressive categories of thoracic NETs (LCNEC and SCLC), surgery is seldom 
feasible and the outcomes are, anyhow, quite poor [19]. 
Liver transplantation for GEP NETs remains controversial and can be proposed in 
selected patients (low Ki-67, intestinal NET) [20]. 
The rationale of interventional radiology techniques in NETs relies in their common 
spread to the liver. Liver metastases from NETs are typically hypervascular and 
(chemo)embolization of the hepatic artery, performed mechanically by 
microspheres or also chemically with cytotoxic agents, can lead to significant 
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necrosis. Recently, radioembolization of liver metastases with 90Y-labelled 
microspheres has recently been tested in several clinical trials with excellent 
preliminary results [21]. Other techniques still to be validated in NETs include 
“umbrella” radiofrequency ablation and the newest high-intensity focused 
ultrasound (HIFU) ablation [22].  
Medical therapy is aimed at treating symptoms and/or reducing tumour growth. 
Traditional chemotherapy has little place in well-differentiated NETs, since most of 
them are slow growing tumours. A rigorous assessment of the efficacy of 
chemotherapy in literature is hampered by the prevalence of retrospective studies 
on limited and heterogeneous series of patients, where toxicity is relevant, and the 
responses are short-lived and sporadic, particularly in “midgut carcinoids”. Many 
schemes, including single or multiple agents, have been attempted. Streptozotocin-
based schemes in pancreatic tumours yielded significant objective responses, but 
none of the schemes used in “midgut carcinoids” showed any activity [23]. Usually, 
schemes based on platinum derivatives and etoposide are considered in poorly 
differentiated and/or rapidly progressive NETs, but generally the choice of the 
particular regimen is based on the site of the primary and the histopathological 
differentiation. In well-differentiated tumours, the Ki-67 proliferation index can be 
helpful in selecting tumours suitable for chemotherapy. 
One of the basic tools for NETs is somatostatin analogue biotherapy, combined or 
not with interferon, which will be discussed in details below. Survival is reduced in 
patients with a clinical syndrome such as the carcinoid one (21% of 5-year survival, 
38 months median survival from the first facial flushing, 23 from the biological 
diagnosis). In this respect, a therapy able to reduce signs and symptoms of 
hormone hypersecretion, to improve quality of life and to slow tumour growth, 
appears fully justified [24]. 
Somatostatin analogues are generally well tolerated and long acting formulations 
are used successfully to control tumour hypersecretion and symptoms in up to 70% 
of patients, although tachyphylaxis frequently and early occurs [25]. 
Antiproliferative activity is scarce, with objective responses encountered in less 
than 10% of patients, while stabilisation of disease occurs in about 50% [26]. 
Interferons, and particularly �-interferon, have been used in the management of 
NETs, with therapeutic effects similar to those of somatostatin analogues, although 
the onset is delayed, but with more pronounced side effects. Presently, the 
combined use of �-interferon and somatostatin analogues as first-line therapy is 
not justified by data in the literature, while it could be indicated after progression to 
a single agent [27]. 
Nowadays, new molecular drugs, targeting small cellular proteins or messengers 
involved in proliferation, are being experimented in phase II and III studies. The 
peculiar growth characteristics of NETs make them attractive targets for molecular 
targeted therapies, since the longer period needed to progress allow drugs hitting 
the stromal or subcellular targets to demonstrate activity. The scenario is 
particularly ebullient, with many pharmaceuticals reaching the clinical phase. The 
most efficient and studied are vascular endothelial growth factor (VEGF) and 
mTOR inhibitors. 
VEGF expression has been demonstrated in NETs. Among VEGF inhibitors, the 
most active one appears to be bevacizumab, a monoclonal antibody against 
VEGF, which has been experimented in a phase II study combined with octreotide, 
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determining an improvement on progression-free survival vs. the combination of 
PEG-interferon plus octreotide. 
The mammalian target of rapamycin, mTOR, is an intracellular protein that is 
central in the control of cell growth. Abnormalities in the mTOR pathway have been 
demonstrated in NETs. Phase II clinical studies using mTOR inhibitors, such as 
everolimus (RAD001) or temsirolimus (CCI-779), in the treatment of low-grade 
NETs demonstrated antitumour activity (13% objective responses). New phase II 
pathology oriented protocols have been designed and are presently ongoing [28].  
 
Peptide receptor therapies 
Neuroendocrine cells are typically regulated by numerous hormones, acting via 
specific receptors on the membrane surface. These receptors are usually 7-
transmembrane-domain G-protein–coupled receptors. The presence of a suitable 
density of internalising receptors on the cell surface of NETs poses the basis for a 
peptide receptor-targeted therapy. The most exploited and known ligand-receptor 
system in clinical practice, including nuclear medicine, is the somatostatin. 
Somatostatin receptors are known in 5 subtypes, the role of which is still to be 
completely elucidated. Agonists binding to somatostatin receptors are internalised 
into endosomes and activate post-receptor mechanisms, such as adenyl cyclase, 
phospholipase and ion channels, that are responsible for the pharmacological 
effect. The receptor is either recycled on the membrane surface or entrapped into 
lysosomes for degradation. This retention into the lysosomes allows a radionuclide-
based peptide diagnosis and/or therapy, depending on the radionuclide used [29]. 
Tumours over-expressing somatostatin receptors, and candidate for radionuclide 
therapy, typically include pituitary adenomas, gastrointestinal and pancreatic 
endocrine carcinomas (the so-called GEP tumours), paragangliomas, 
pheochromocytomas, small cell lung cancers, medullary thyroid carcinomas, breast 
cancers, and malignant lymphomas. Somatostatin receptors are expressed in a 
tissue- and subtype-selective manner in both normal and cancerous cells. Most of 
the above tumours express multiple receptor subtypes simultaneously, subtype 2 
being the subtype most frequently detected. The presence of somatostatin 
receptors enables the treatment of tumour hypersecretion and of primary and 
metastatic lesion growth by somatostatin and its analogues, owing to post-receptor 
signalling, triggered by the receptor-ligand internalisation [30]. 
Somatostatin analogues 
All five somatostatin receptor subtypes (sst) bind with high affinity native 
somatostatin (both 14- and 28-amino acid isoforms). Somatostatin has an 
extremely short plasma half-life (about 2 minutes) and cannot be used for clinical 
purposes. Somatostatin-28 was firstly labelled with 123I, showing in vivo the rapid 
cleavage and metabolism that poorly allowed visualizing and therefore treating 
tumours [31]. In the same years, beginning of 1980s, the octapeptide analogue 
octreotide was synthesised. Presently, octreotide, together with lanreotide, is the 
analogue approved for therapeutic clinical use. Both these analogues are mainly 
sst2 preferring agents, showing therefore high affinity for sst2 receptor, moderately 
high affinity for sst5 and intermediate affinity for sst3 [32].  
“Cold” somatostatin analogues in clinical use 
To date, the main clinical use of octreotide or lanreotide is limited to the 
symptomatic control of hypersecretory syndromes. Nevertheless, it has been used 
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in various trials with the aim of testing its antiproliferative efficacy [33]. In NETs of 
various origin the use of octreotide (0.5 - 1 mg t.i.d.) yielded symptomatic and 
biochemical responses in 73% and 77% of patients, respectively, with only 3% 
objective responses in carcinoids, in the evaluation of the Italian multicentre trial 
[34]. The use of ultra high-dose lanreotide (up to 15 mg/day) gave slightly higher 
tumour responses as well as biochemical and symptomatic responses (more than 
6 %) [35]. In the medical treatment of advanced small-cell lung cancer, both 
octreotide and lanreotide were able to reduce growth factors, such as IGF-1, but 
did not show any antitumour efficacy [36]. 
Somatostatin radio-analogues for peptide-receptor radionuclide therapy 
111In-labelled octreotide was approved by the FDA in 1994 as a diagnostic agent 
for scintigraphy of patients with NETs. Once octreotide was radiolabelled for 
diagnostic imaging in order to localise tumour lesions over-expressing somatostatin 
receptors [37], the next logical step was to develop PRRT. The theoretical basis of 
such therapy is principally to convey radioactivity inside the tumour cell, owing to 
the internalisation of the somatostatin receptor and radiolabelled analogue 
complex. The first attempts to perform PRRT with radiolabelled octreotide began in 
the 1990s in a multicentre trial using high activities of 111In-octreotide. The results 
obtained, in terms of clinical benefit and overall responses are due to the Auger 
and conversion electrons emitted by Indium-111, decaying in close proximity to the 
cell nucleus, once that peptide/receptor complex has been internalised. Despite 
these premises, partial remissions were exceptional [38].  
Higher-energy and longer-range emitters, such as pure � emitter Yttrium-90 (Emax 
2.27 MeV, Rmax 11 mm, T1/2 64 hrs) seemed more suitable for therapeutic 
purposes. Therefore a new analogue, Tyr3-octreotide, with a similar pattern of 
affinity for somatostatin receptors, was developed for its high hydrophilicity, simple 
labelling with 111In and 90Y, and tight binding to the macrocyclic chelator DOTA 
(1,4,7,10-tetra-azacyclododecane-N,N�,N��,N���-tetraacetic acid), to form 90Y-
[DOTA]0-Tyr3-octreotide or 90Y-DOTATOC [39]. Recently, a newer analogue, 
named octreotate (Tyr3,Thr8-octreotide) with 6- to 9-fold higher affinity for sst2 was 
synthesised. The chelated analogue [DOTA]0-Tyr3-octreotate or DOTATATE can 
be labelled with the �-� emitter Lutetium-177 (E�max 0.49 MeV, R�max 2 mm, T1/2 6.7 
days) and has been experimented in clinical studies. Theoretically, Auger-electron 
emitters represent an attractive alternative to �-particle emitters for cancer therapy 
if they can be placed intracellularly, especially in close proximity to (or within) the 
nuclear DNA. Incorporation of Auger-electron emitters into the DNA is a particularly 
efficient source of irradiation, capable of inducing cell death with virtually no 
damage to the surrounding cells. Experience in this field comes from a 
radiolabelled thymidine analogue, IUdR, which represents the most extensively 
explored radiobiologic model for cancer therapy with Auger-electron emitters. Upon 
incorporation of iodine-125 into DNA, the disintegration of this Auger–electron-
emitting isotope has a relative biologic effectiveness (RBE) 7- to 8-fold greater than 
equivalent amounts of � or � emission. There is now sufficient evidence that 
generally the intra-nuclear localisation and specifically intercalation or at least the 
proximity of Auger-electron emitters to the double-stranded nuclear DNA determine 
their cytotoxicity. Coming to somatostatin analogues, it has been extensively 
discussed whether 111In-octreotide locates targets placed inside the cell nucleus. 
Studies in literature are scant and contradictory, nonetheless nuclear uptake is 
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likely to be scarce, and this seems to be the explanation of such poor results in 
clinical trials. Since the beginning of new century, PRRT was performed only with 
�-emitters [40].  
Several new peptides have been introduced in nuclear medicine for therapeutic 
and diagnostic purposes, such as new sst2 agonists DOTA-TATE, DOTA-NOC, 
and DOTABOC-ATE (where NOC is [1-NaI3]-octreotide; and BOC-ATE is 
[BzThi3,Thr8]-octreotide). Each one can be labelled with either therapeutic 
radiometals, such as Yttrium-90 or Lutetium-177, or with positron-emitters, such as 
Gallium-68, for PET-receptor imaging, thus giving rise to different radiopeptides as 
to their biological and clinical properties, and many of them are already used in 
diagnostic and therapeutic trials [41].  
Other potential receptors and (radio)peptides for therapy 
Somatostatin receptor system represents an actual treatment pathway and a model 
for future tumour therapies. Many ligand–receptor systems have been discovered 
in different human tissues, such as dopamine, bombesin, cholecystokinin, 
vasoactive intestinal peptide, substance-P and others, which could represent 
adjunctive targets for “cold” and radiolabelled analogue therapy (Table 1).  
Regarding dopamine receptors, the first intuitions of their possible presence in 
NETs started from the observation that 123I-epidepride, a D2 dopamine receptor 
antagonist, could be used in pituitary imaging in substitution of an iodinated 
benzamide, 123I-IBZM, known also to accumulate in melanomas. 123I-epidepride 
was then demonstrated to accumulate in human melanomas, and dopamine D2 
receptors were therein demonstrated, also by means of other techniques. 
Subsequently D2 receptors were demonstrated also in NETs, such as those 
associated with ectopic ACTH syndrome. Furthermore, cabergoline, a new D2-
receptor synthetic analogue demonstrated efficacy in controlling cortisol excesses 
in some patients [48,49]. Cabergoline seems also to increase the efficacy of 
somatostatin analogs in controlling ectopic Cushing syndrome [50]. 
Moreover, recent observations have shown that internalisation of human 
somatostatin receptors (ssts) could be determined by functional homo- and 
heterodimerization with 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 internalisation. The effects of newer 
analogues, such as sst2/sst5, sst2/D2 and sst2,sst5/D2 (dopastatin) bi- or tri-hybrid 
chimerical analogues have been explored in vitro in primary cultures of GH-
secreting pituitary adenomas partially responding to conventional somatostatin 
analogues, and are being experimented also in NETs [51-53].  
For the moment, the lack of selectivity for basal ganglia and tumour shown by D2 
receptor ligands and possibly by chimeras, make them unsuitable for designing a 
radionuclide therapy. 
Presently, a somatostatin analogue binding 4 out of 5 ssts, the so-called pan-
agonist SOM-230 (pasireotide), which binds with high affinity sst1,2,3 and sst5, is 
being experimented in clinical trials for the therapeutic control of NETs, but, given 
the wide systemic expression of the receptor subtypes other than sst2, pan-
agonists are far from being used in radionuclide therapy [54]. 
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Finally, the demonstration, in animal models, of a far superior tumour targeting by 
non-internalising somatostatin receptor antagonists is revolutioning the paradigm of 
the internalization of the receptor-ligand complex as the basis for PRRT [55]. 
PRRT with radiolabelled somatostatin analogues 
Nowadays, tumour candidates for PRRT with radiolabelled somatostatin analogues 
are basically sst2 expressing NETs, mainly of the GEP and bronchial tract, but also 
pheochromocytomas, paragangliomas, medullary thyroid carcinomas, and, at least 
theoretically, any other tumour histotype known and documented as over-
expressing sst2. Among the inclusion criteria, a high expression of functioning, 
namely internalising somatostatin receptors is critical for an efficient therapy. 
Somatostatin receptor scintigraphy is presently the most accurate method to check 
for the presence of functioning somatostatin receptor over-expression. 
Immunohistochemistry for sst2 can be also performed, but, being it a sort of 
photograph taken at the moment of bioptic sampling, the actual internalising 
capacity and the possible evolution in time of receptor density cannot be assessed. 
A correlation between immunohistochemical profile in NETs and the in vivo 
scintigraphy features has been explored in a recent study [56]. However, larger 
cohorts of patients are warranted to drawn conclusive results. Moreover, the 
receptor status in the remainder of tumour sites cannot obviously be assessed and 
cannot always be assumed presumably homogeneous. Somatostatin receptor 
scintigraphy has indications in the localisation, staging and follow up of a NET, but 
indeed, the ability of selecting patients to be submitted to “cold” or radiolabelled 
somatostatin analogues, is the most peculiar. When analysing a scan, it is 
important to exclude possible false positives, such as gallbladder, accessory 
spleens, recent surgical scars, and any other cause of granulomatous-lymphoid 
infiltrate that may mimic a tumour lesion. In addition, possible cases of false 
negatives must be excluded, particularly sub-centimetrical lesions under the 
resolution power of the method, recent chemotherapy, or de-differentiated disease. 
PRRT consists in the systemic administration of the radiopeptide, such as 90Y-
DOTATOC or 177Lu-DOTATATE, the most used ones, divided in sequential cycles, 
administered 6-9 weeks apart, up to a cumulative activity that is calculated basing 
on renal irradiation. 
 
PRRT efficacy 
Before considering the clinical outcome of PRRT, the theoretical principles at the 
basis of the efficacy must be summoned up, namely the radiosensitivity and the 
radioactive concentration on tumour site. Actually, NETs are not particularly 
radiosensitive [57], and this is an intrinsic characteristic involving the growth pattern 
and the DNA repair capability. On the other hand, the radioactive concentration at 
the tumour site is crucial and can be modulated. In fact, the higher is the 
concentration of radioactivity in the tumour, the higher is the probability of its 
shrinkage. In order to increase the amount of radioactivity at the target, and 
therefore the so-called target-to-background ratio, the kinetics characteristics of the 
radiopeptide used, its affinity for the receptor, and the receptor density on tumour 
cells, must be taken into account.  
The pharmacokinetics profile of DOTATOC, and similarly of DOTATATE, is 
remarkably favourable, with a rapid plasma clearance after administration (less 
than 9%±5% of i.d. within the first hour to less than 0.9%±0.4% within 10–12 h after 
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injection) and the renal excretion is relevant (73%±11%. i.d. in urine after 24 hours) 
[58]. 
The various octreotide derivatives available possess variable affinity profiles for 
sst2, sst3 and sst5. Peptides such as DOTATOC and even more DOTATATE and 
DOTANOC possess a high affinity for sst2, the most widely expressed receptor in 
NETs (11, 1.5 and 3.3 IC50 nM, respectively). Analogues showing high affinity for 
sst3 and sst5, such as DOTANOC (26 and 10 IC50 nM for sst3 and sst5, 
respectively), can also be exploited in tumours, such as thymic tumors or follicular 
thyroid carcinomas, presenting a relatively higher expression of these subtypes 
[59].  
Finally, the receptor density on tumour versus normal organs must be considered 
as well. The higher is the density, the greater the amount of radiopeptide that may 
be conveyed inside the tumour cells. In clinical practice, the density is evaluated by 
means of receptor scintigraphy, according to a visual scale, named the “Rotterdam 
scale”, where tumours candidate to PRRT are those with an uptake on planar 
images at least equal to the one of the normal liver (grade 1), higher than that 
(grade 2) or higher than the one of kidneys and spleen, the “hottest” organs at 
111In-octreotide scintigraphy (grade 3). Tumour remission, in fact, is positively 
correlated with a high uptake at receptor scintigraphy [60]. Nevertheless, tumour 
radiation dose does not only depend directly on the administered activity and the 
uptake versus time, but also on the tumour mass. Smaller masses have higher 
chances of mass reduction, owing to a higher absorbed dose in the tumour. This is 
confirmed by clinical data regarding the characteristics of response: patients with 
limited number of liver metastases responded to PRRT, whilst patients with a high 
tumour load do not [61]. Considering PRRT with the two most exploited 
radiopeptides, 90Y-DOTATOC and 177Lu-DOTATATE, mathematical models 
showed that 177Lu is better in small tumours (optimal diameter 2 mm), whilst 90Y in 
larger ones (optimal diameter 34 mm). Very small masses, in fact, are likely not to 
absorb all the �-energy released in the tumour cells by 90Y, while larger tumours 
will suffer from the lack of uniformity of activity distribution of 177Lu. Finally, 
differences in dose-rate must be taken into account: the longer physical half-life of 
177Lu means a longer period needed to deliver the same radiation dose as 90Y. This 
may allow more time for tumour re-population. Therefore, a combination therapy 
with 90Y and 177Lu, either simultaneously or in distinct settings, has been suggested 
to overcome the difficulties of real clinical situation of different sized lesions [62]. 
 
PRRT safety 
Due to their marked radiosensitivity, the kidneys are the critical organs in PRRT, 
particularly after 90Y-DOTATOC administration. Proximal tubular reabsorption of 
the radiopeptide and the subsequent retention in the interstitium results in renal 
irradiation. Nephrotoxicity is accelerated by risk factors, such as pre-existing 
hypertension or diabetes. Given the high kidney retention of radiopeptides, 
positively charged molecules, such as L-lysine and/or L-arginine, are used to 
competitively inhibit the proximal tubular re-absorption of the radiopeptide. This 
leads to a reduction in the renal irradiation dose ranging from 9 to 53% [63-65]. 
Renal doses are further reduced up to 39% by prolonging infusion over 10 hours 
and up to 65% by prolonging it over two days after radiopeptide administration, 
thus covering more extensively the elimination phase through the kidneys [66,67]. 
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Despite kidney protection, renal function loss may become clinically evident years 
after PRRT. A median decline in creatinine clearance of 7.3% per year was 
reported in patients treated with 90Y-DOTATOC and of 3.8% per year in patients 
treated with 177Lu-DOTATATE. Cumulative and per-cycle renal absorbed dose, 
age, hypertension, and diabetes are considered as contributing factors to the 
decline of renal function after PRRT [68].  
Kidney radiation toxicity is typically evident several months after irradiation, due to 
the slow repair characteristics of renal cell. According to studies on renal toxicity 
derived from external radiotherapy (those referred to by the nuclear medicine 
community, up to a few years ago), the accepted renal tolerated dose is in the 
range of 23-25 Gy. As stated by the National Council on Radiation Protection and 
Measurements –NCRPM- in fact, a dose of 23 Gy to the kidneys causes 
detrimental deterministic effects in 5% of patients within 5 years) [69,70].  
Nevertheless, clinical experience and dosimetric studies clearly indicate that this 
renal dose threshold does not accurately correlate with the renal toxicity observed 
in patients undergoing PRRT [71]. 
PRRT is a form of continuous radiation delivery with a decreasing dose-rate with 
time. The irradiation produces both lethal and sub-lethal damage that can be 
repaired during the irradiation itself but the differential between creating new 
damage and the repairing depends on the specific dose-rate at any particular time 
and on the repair capability (T½rep) of the tissue. Low dose-rates, as in PRRT, will 
spare normal tissues more than the tumour and this may allow benefits as in 
fractionation in external radiotherapy [72].  
The linear quadratic model interprets mathematically this differential sparing and 
the biological effective dose (BED) concept is used to quantify the biological effects 
induced by different patterns of radiation delivery. This model has been recently 
revised for radionuclide therapy and has been applied in particular to PRRT with 
the intent of increasing the dose-response correlation [73]. Focusing on the kidney 
concern, the BED has proven to be a reliable predictor of renal toxicity, helpful in 
the implementation of individual treatment planning [71]. However, BED is a 
relatively young concept applied to nuclear medicine and has still to be fully 
validated with a wider series of data. 
The main radiobiological parameter required in such assessment is the tissue �/� 
ratio, which gives an indication of the sensitivity of a tumour or normal tissue cell to 
the effect of dose-rate (and/or fractionation), and is generally higher for tumours (5-
25 Gy) than for late-responding normal tissues (2-5 Gy), such as the kidneys. 
Renal toxicity is not the only parameter to be considered. Although it appears not to 
be the principal dose-limiting factor, bone marrow involvement must be taken into 
account as well. Usually, PRRT is well tolerated and severe, grade 3 or 4, 
haematological toxicity does not account for more than 13% of patients treated with 
90Y-DOTATOC and 2-3% of those treated with 177Lu-DOTATATE (Table 3). The 
possibility of a mild, but progressive impoverishment in bone marrow reserves has 
to be considered in repeated cycles, particularly after 90Y-DOTATOC, while the 
recover appears to be virtually complete after 177Lu-DOTATATE. In addition, the 
possibility of MDS or overt leukaemia in patients receiving high bone marrow 
doses, especially in those previously treated with alkylating agents, must be 
considered [67,74]. Fertility can be temporarily impaired in males, due to damage 
to Sertoli cell, as testified by a drop in inhibin-B and a contemporary increase in 
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FSH. Usually, fertility is restored within 12-18 months from the end of therapy [61]. 
Finally, it must be considered that treating functioning NETs with PRRT may result 
in acute cell rupture and hence exacerbation of clinical syndromes, such as 
hypoglycaemia, carcinoid or Zollinger-Ellison syndromes, sometimes to severe 
degrees, requiring further hospitalisation [75]. 
 
PRRT clinical results 
Several clinical phase I-II trials indicated that PRRT with radiolabelled somatostatin 
analogues is amongst the promising newly developed targeted tools in NETs, with 
registered objective responses in up to 30% of patients (Table 2) [74].  
Initial studies were performed with the administration of high doses of the 
radiopeptide used in diagnostics, 111In-octreotide. The rationale is based on the 
emission of Auger and conversion electrons by Indium-111, decaying in close 
proximity to the cell nucleus after the internalisation of the peptide/receptor 
complex. Objective responses were rare due to the short range of the emission 
(0.0025 �m) of the particles. Amongst 40 patients treated with cumulative doses of 
20 to 160 GBq, 1 partial remission, 6 minor remissions, and 14 stabilisation of 
disease were reported. Mild haematological toxicity was observed, but 3 cases of 
MDS or leukaemia occurred in the patients treated with high activities (>100 GBq) 
and high estimated bone marrow doses (about 3 Gy). In another study in 27 
patients with GEP NETs, partial responses occurred in 2 of 26 patients with 
measurable disease. Renal insufficiency was reported in one patient, although 
possibly not treatment-related [38,76] 
The radiopeptide that has been most extensively studied is 90Y-DOTATOC. All the 
published results derive from phase I-II trials, and were inhomogeneous as to 
patient selection, inclusion criteria, treatment schemes and dosages (cumulative 
activities ranged from 2 to 32 GBq). Therefore, an inter-study comparison is 
virtually impossible. Nevertheless, despite differences in clinical phase I-II protocols 
from various centres, complete and partial remissions were registered in 10 to 30% 
of patients, a rate undoubtedly higher than that obtained with 111In-octreotide. In a 
first report, 29 patients were treated with a dose-escalating scheme consisting in 4 
or more cycles of 90Y-DOTATOC with cumulative activities of 6.12±1.35 GBq/m2. 
Twenty of these patients showed disease stabilisation, 2 had partial remission, 4 
minor remission and 3 progressed [77]. In a subsequent study, 39 patients were 
treated with 4 equal intravenous injections, for a total of 7.4 GBq/m2 of 90Y-
DOTATOC. The objective response rate was 23%, with complete remission in 2 
patients, partial remission in 7, and stabilisation in 27. Pancreatic NETs (13 
patients) showed a higher objective response rate (38%). A significant reduction of 
clinical symptoms was recorded [78]. Toxicity was generally mild and involved the 
kidney and the bone marrow. However, renal insufficiency was reported in 5 
patients not receiving renal protection during the therapy, while severe 
haematological toxicity occurred in those patients treated with high cumulative 
activities.  
Dosimetric and dose escalating studies with 90Y-DOTATOC, with and without renal 
protection with amino acids, showing no major acute reactions were observed up to 
an administered dose of 5.55 GBq per cycle [79]. Reversible grade 3 
haematological toxicity was found in 43% of patients injected with 5.18 GBq, which 
was defined as the maximum tolerated dose per cycle. None of the patients 
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developed acute or delayed kidney toxicity, although follow-up was short. Partial 
and complete responses were reported in 28% of 87 patients with NETs. In the 
multicenter phase 1 study, 60 patients received escalating doses up to 14.8 
GBq/m2 in 4 cycles or up to 9.3 GBq/m2 in a single dose, without reaching the 
maximum tolerated single dose. All patients received renal protection. Three 
patients had dose-limiting toxicity: 1 had liver toxicity, 1 had grade 4 
thrombocytopenia, and 1 had MDS. Four of 54 patients (8%) treated with the 
maximum allowed dose had partial response, and 7 patients (13%) had minor 
responses. The median time to progression in the 44 patients showing stable 
disease, minor or partial response was 30 months [80].  
Genuine phase II studies with 90Y-DOTATOC are still lacking, but experiences in 
selected series of patients, mostly retrospective, are reported in literature. A 
tentative categorisation of the objective response according to the tumour type has 
been attempted in a metanalysis of results in GEP tumours. Pancreatic NETs 
resulted the ones responding better to PRRT [74]. Other limited experiences in 
medullary and follicular thyroid carcinomas, lympho-proliferative disorders, 
pheochromocytomas and parangangliomas are reported. 
90Y-DOTATOC (7.5–19.2 GBq in 2–8 cycles) has been administered in 21 patients 
affected by metastatic medullary thyroid carcinoma with positive OctreoScan, 
progressing after conventional treatments. Two patients (10%) obtained a complete 
response (CR), as evaluated by CT, MRI and/or ultrasound, while a stabilisation of 
disease (SD) was observed in 12 patients (57%); seven patients (33%) did not 
respond to therapy. The duration of the response ranged between 3 and 40 
months. Using biochemical parameters (calcitonin and CEA), a complete response 
was observed in one patient (5%), while partial response in five patients (24%) and 
stabilisation in three patients (14%). Twelve patients had progression (57%). 
Complete responses were observed in patients with lower tumour burden and 
calcitonin values at the time of the enrolment. This retrospective analysis is 
consistent with the literature, regarding a low response rate in medullary thyroid 
cancers treated with 90Y-DOTATOC. Nevertheless, patients with smaller tumours 
and higher uptake of the radiopeptide tended to respond better [81].  
An interesting perspective of PRRT in lympho-proliferative disorders is opened by 
the presence of ssts in B-lymphocytes, but today no data are available regarding 
their use as targets for therapy. Sporadic observations are reported in literature, 
such as the case report of successful PRRT with 90Y-DOTATOC in B-chronic 
lymphocytic leukaemia in a patient affected by Binet A-chronic lymphocytic 
leukaemia and advanced neuroendocrine Merkel carcinoma. The presence of 
somatostatin receptors both in normal and neoplastic B cells, and the usual drop of 
lymphocytes normally observed after 90Y-DOTATOC, constitutes the basis for 
setting up PRRT specifically in B-cell lymphoma and leukaemia [82]. 
As to the survival after 90Y-DOTATOC, a phase I-II study on 58 patients with GEP 
NETs treated with 1.7-32.8 GBq reports a clinical benefit (including stabilisation 
and minor response) in 57% (with true objective response in 20%), a median 
overall survival of 36.7 months (vs 12 months in the historic group treated with 
111In-octreotide), and a median progression-free survival of 29 months. 
Characteristically, patients stable at baseline had a better overall survival than had 
patients progressive at baseline, and the extent of disease at baseline was a 
predictive factor for survival [83]. 
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The newer somatostatin analogue [DOTA0,Tyr3,Thr8]-octreotide or DOTATATE has 
a nine-fold higher affinity for the sst2 compared with [DOTA0,Tyr3]octreotide in vitro. 
Radiolabelling with the �/�-emitter Lutetium-177 yielded tumour regressions and 
prolonged animal survival in a rat model [84,85]. In a preliminary report by the 
Rotterdam group, 35 patients with GEP NETs were treated with 3.7, 5.6, or 7.4 
GBq of 177Lu-DOTATATE, up to a final cumulative dose of 22.2–29.6 GBq, with 
complete and partial responses in 38%. No serious side effects were observed 
[86]. 
In a subsequent larger study, 131 patients with somatostatin receptor–positive 
tumours were treated with up to a cumulative dose of 22.2 to 29.6 GBq of 177Lu-
DOTATATE. One patient developed renal insufficiency, and another patient 
developed hepato-renal syndrome. Severe haematological toxicity occurred after 
less than 2% of the administrations. In the 125 evaluated patients, complete 
remission was observed in 3 patients (2%), partial remission in 32 (26%), minor 
response in 24 (19%) and stable disease in 44 patients (35%), while 22 patients 
(18%) progressed. Better responses were more frequent in case of a high uptake 
on baseline octreotide scintigraphy and in case of a limited number of liver 
metastases were present, while progression was significantly more frequent in 
patients with a low performance score and extensive disease at enrolment. Median 
time to progression was more than 36 months, comparing favourably to 
chemotherapy. In addition, 177Lu-DOTATATE significantly improved the global 
health/QoL and various function and symptom scales in patients with metastatic 
GEP tumors. The effect was more frequent in patients obtaining tumour regression, 
but, surprisingly, was observed also in progressing patients [60,61]. 
A categorisation of objective response showed once more that pancreatic tumours 
tended to respond better than other GEP tumours, although pancreatic 
gastrinomas tended to relapse in a shorter interval (median TTP 20 months vs. >36 
in the rest of GEP tumours) [61]. In another study, traditionally poor responding 
tumours, such as bronchial and gastric neuroendocrine carcinomas, were included. 
Despite the limited number of patients studied, the observed objective response 
was comparable to the one observed in GEP NETs [87]. 
Recently, an evaluation of the enlarged series of 504 patients treated with 177Lu-
DOTATATE, 310 of which evaluated for efficacy, along with the confirmation of the 
occurrence of complete and partial remissions in 2 and 28% of cases, 
demonstrated a survival benefit of 40 to 72 months, compared to historical controls. 
Even with the limitations of such a comparison, the huge difference in survival is 
most likely to be caused by a real impact of PRRT [88]. 
In conclusion, PRRT with 90Y-DOTATOC or 177Lu-DOTATATE proved to be 
effective, with up to 30% objective responses, and reasonably safe up to 25-27 Gy 
to the kidneys, with an acceptable toxicity to kidneys and bone marrow. 
Nevertheless, some open questions remain, such as the most correct timing of 
PRRT. PRRT is a relatively young treatment, the majority of the results derive from 
phase I-II studies, and therefore the exact place of PRRT in the therapeutic work-
up of NETs remains to be established. The first studies, in fact, were carried out in 
relatively advanced phases of disease, while further trials demonstrated a higher 
efficacy of PRRT in earlier phases of disease. This is supported by numerous 
reasons, primarily radiobiological, since the smaller is the tumour mass, the higher 
is the dose, and then biological, since more advanced tumours bear many genetic 
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mutations, such as p53, which make them less prone to respond to any treatment. 
Previous studies have indicated that the tumour load, especially in the liver, and 
the performance status would influence the outcome of PRRT. Therefore, early 
treatment rather than a “wait and see” approach could be advantageous. In 
addition, the type of disease has to be taken into account, as e.g. pancreatic NETs 
tend to respond better. Uniform pathology-oriented phase II trials are required to 
assess the potential of peptide receptor radionuclide therapy. 
Another open question is which is the optimal radio-peptide and, even before that, 
which of the two experimented is the optimal radionuclide. Theoretical 
considerations and animal studies showed the better suitability of Yttrium-90 for 
bigger lesions (optimal diameter 34 mm) and of Lutetium-177 for smaller lesions 
and micrometastases (optimal diameter 2 mm) [62]. Nevertheless, the 
demonstration of high rates of objective responses with 177Lu-DOTATATE in 
patients not selected for lesion’s size impairs these pre-clinical observations and 
beseeches further comparative studies between 90Y-DOTATOC and 177Lu-
DOTATATE. However, some considerations can be made in the meantime. The 
analysis of the residence times for DOTATATE and DOTATOC, calculated by 
means of the 177Lu-labelled peptides, showed that residence times for DOTATATE 
are significantly longer in kidney and tumour (ratios DOTATATE: DOTATOC= 1.4 
and 2.1, respectively), allowing higher tumour doses but also higher renal doses 
[89]. Therefore, considering the higher tumour dose, 177Lu appears more beneficial 
when labelling DOTATATE, while, in view of the higher renal dose, 90Y appears 
more convenient to label DOTATOC. From dosimetric projections, we can infer 
that, for peptides such as DOTATATE, switching the radiolabel from 177Lu to 90Y 
can increase the doses by a factor 2 to 4 to the tumour, depending on the tumour 
size, but also to normal organs, kidneys in particular. Therefore, the benefit/risk 
balance remains to be established for each patient [Cremonesi EANM congress 
2006, personal communication]. 
In conclusion, from a dosimetric point of view 177Lu-DOTATATE appears handier 
than 90Y-DOTATOC, as regards safety. Anyhow, 90Y-DOTATOC is more powerful 
than 177Lu-DOTATATE, as regards the tumour dose. The choice of the 
radiopeptide depends on the particular clinical scenario of the patient. Bigger 
lesions may benefit from 90Y-DOTATOC while smaller ones from 177Lu-
DOTATATE. Especially when using 90Y-DOTATOC, particular attention has to be 
paid to risk factors for renal toxicity, that should suggest caution (lower doses, 
hyper-fractionation) or switching to 177Lu-DOTATATE. Anyhow, in order to establish 
which treatment scheme and which radiolabelled somatostatin analogue or 
combination is optimal, a clinical randomised study comparing the two treatments 
is needed. 
Future perspectives include studies addressed at exploring the effects of the 
combined use of PRRT with other drugs, such as radiosensitising 
chemotherapeutic agents like capecitabine, which showed some adjunctive 
antitumour activity without major side effects, or anti-angiogenetic drugs [90]. 
As GEP NETs may also express cholecystokinin 2, bombesin, neuropeptide Y, or 
vasoactive intestinal peptide receptors, even simultaneously, the potential 
availability and biological stability of radio-analogues of these peptides, will improve 
in the future the multireceptor targeting of the neuroendocrine cell [91]. 
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Conclusions 
Many different somatostatin receptor binding analogues have now been described 
being radiolabelled with 123I, 111In, 99mTc, 68Ga or 18F for diagnostic purposes. These 
proved to be an excellent tool for the clinical management of patients with NET. 
Not only diagnosis has been eased with these radiopharmaceuticals together with 
radiological techniques but also useful information for staging and therapy decision 
making has been provided. When radiolabelled with beta-emitting isotopes, such 
as 90Y and 177Lu, the same peptides have been successfully used for peptide-
based radio-therapy (PPRT), with few serious adverse effects, important tumour 
responses and long progression-free survival rates. This field is rapidly growing 
and improving; new agonist and antagonist peptides have been described that can 
soon be tested in clinical trials. 
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Table 1. Ligands used in clinical practice for diagnosis of neuroendocrine tumours and 
their relative therapeutic counterparts (ligands in development are shown in italic) [42-47]. 
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Table 2. Major features of safety and efficacy in PRRT with 90Y-DOTATOC and 177Lu-
DOTATATE in the main published studies (modified from 74). 
 
  EFFICACY SAFETY 

 No. of 
patients 

CR+PR (%) No. of 
patients 

Haematological 
grade 3 and 4 

(%) 

Renal 
insufficiency * 

Other * 

90Y-DOTATOC             

Milan (67) 21 29 40 � 7 1 case 
reported 

 

Basel (78) 33 33 29 � 2 5 cases 
reported 

 

Rotterdam (83) 58 20 58 � 13 1 case 
reported 

1 MDS 

177Lu-DOTATATE       

Rotterdam (61) 125 28 125 <2 1 case 
reported 

1 MDS 

 
* Renal failure and MDS or overt leukemias have been reported by the various groups, 
mainly as personal communications; published data are still lacking and studies are 
ongoing. Therefore, an exact calculation of the incidence of these adverse events is not 
possible, although, especially in case of MDS, the incidence does not seem to be higher 
than in the normal oncological population and the estimate is frequently hampered by the 
occurrence of previous myelotoxic chemotherapies. 
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Abstract 
Scintigraphy with radiolabeled benzamides was used in melanoma patients. 
Studies with a newer benzamide called 123I-epidepride, a high-affinity D2 receptor 
(D2R) antagonist, showed high sensitivity in D2R-positive pituitary adenomas. We 
evaluated the presence of D2R in patients with uveal melanomas in vivo with 123I-
epidepride, and in vitro in melanomas, using immunohistochemistry (IHC) and 125I-
epidepride autoradiography. We studied the in vivo tumor-to-background (TB) 
ratios in six patients with posterior uveal melanoma (one previously enucleated). 
IHC was performed in 3 of 6 tumors after enucleation and in another 20 uveal 
melanomas, 7 metastatic lymph nodes from skin melanoma, and 2 normal 
specimens. 125I-epidepride autoradiography was performed in 10 uveal melanomas 
(3 of which were studied in vivo), 7 metastases, and 2 normal samples. 
Radioligand uptake was present in the affected eye of 5 patients with uveal 
melanoma (TB = 3.1–6.1) and absent in the operated one (TB = 1). Eight uveal 
tumors were positive at IHC (35%), 14 weakly positive (61%), and 1 negative (4%). 
Two metastases were positive (29%), 2 weakly positive (29%), and 3 negative 
(42%). Two uveal tumors were positive at autoradiography (20%), 7 had 
nonspecific binding (70%), and 1 was negative (10%). One metastasis was positive 
(14%), while 6 were negative (86%). 123I-epidepride scintigraphy in uveal 
melanomas seems promising for sensitivity and image quality. D2R was 
demonstrated in a significant proportion of the melanomas, although 123I-epidepride 
uptake might also be nonspecific and unrelated to D2R binding. Although further 
studies on larger series are needed, 123I-epidepride could represent a future tool 
to study the expression of D2R in other classes of neuroendocrine tumors. 
 
Introduction 
Intraocular malignant melanoma is rare. The annual incidence is about six cases 
per million in the United States. Nevertheless, it is the most common primary 
intraocular malignancy, representing approximately 5% of all melanomas. The 



 37 

most frequent presentation site (85%) is in the uvea. In contrast to cutaneous 
melanomas, uveal melanomas do not have direct access to lymphatic vessels, and 
therefore do not initially spread to regional lymph nodes. However, they do 
metastasize, usually to the liver, and this is the most common cause of death in 
patients with this type of melanoma. Therefore, early and adequate diagnosis and 
prompt therapy (i.e., radiotherapy or enucleation) is essential. Radiotracers that 
have been applied in uveal melanomas are N-isopropyl-p-[123I]-iodoamphetamine 
(123I-IMP)[1], 99mTc-glutathione [2,] 67Gallium citrate [3], 99mTc-dimercaptosuccinic 
acid (DMSA) [4], monoclonal antibodies [5–8] and 18F-FDG [9,10], as well as 
radiolabeled benzamides. Immunoscintigraphic techniques using 99mTc-labeled 
monoclonal IgG antibody against the high molecular weight melanoma antigen 
225–28S showed a poor detection sensitivity (not exceeding 50%) in uveal 
melanomas, in both planar and single photon emission tomography (SPECT) 
studies [5,6], probably due to a different antigenic immunoreactivity [7]. The quality 
of this imaging technique was improved with a three-step pretargeting approach 
and high resolution SPECT [8] 18F-FDG-positron emission tomography (PET) 
studies of uveal melanomas revealed variable glucose consumption among ocular 
lesions, [9,10], thus enabling the visualization only of some larger-sized lesions. 
PET tracers, such as 11C-N-methylspiperone [11], possibly binding to melanin, are 
under investigation in ocular melanoma. Benzamide derivatives are dopamine D2 
receptor (D2R) antagonists. They have been successfully applied in imaging of 
prolactin, growth–hormone-secreting and nonfunctioning pituitary adenomas, and 
in neurological and psychiatric disorders. 123I-iodobenzamide (IBZM) SPECT has 
been used in pituitary adenomas with a varying detection sensitivity (< 60%), and a 
low tumor-tobackground (TB) ratio [12–15]. The newer dopamine receptor 
antagonist 123I-epidepride, with a high affinity for D2R (24–27 pM, in striatal and 
cortical postmortem tissue) shows a higher sensitivity (up to 100%), a better TB 
ratio, and is able to predict the response to dopamine agonist therapy [16]. 123I-
epidepride scanning was positive in 60% to 100% of nonfunctioning pituitary 
adenomas [16,17]. The ectodermic origin of melanocytes and the presence of 
melanin in the substantia nigra are the theoretical bases for the application of D2R 
ligands, such as benzamides, in scintigraphic studies of patients with melanoma 
[18–22]. We therefore evaluated 123I-epidepride in patients with uveal melanomas. 
 
Materials and methods 
 
Patients 
Six patients with posterior uveal melanoma were studied with 123I-epidepride. Five 
had newly diagnosed uveal melanoma, and one had had an enucleation, due to 
local tumor extension, with no further evidence of disease. The protocol was in 
accordance with the Helsinki Doctrine on Human Experimentation, and informed 
consent was obtained from the patients. 
 
Methods 
Scintigraphy protocol 
123I-epidepride was obtained from Dr. Peter Angelberger (Osterreichisches 
Forschungzentrum Seibersdorf GmbH, Seibersdorf, Austria, distributed by IDB 
Holland BV, Baarle-Nassau, The Netherlands). Patients were injected with 150 
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MBq 123I-epidepride. Thyroid blockade was performed with 5 mL KI (1%) twice a 
day (b.i.d.), from the day before until the day after the study. SPECT images of the 
head were made 3 hours postinjection (p.i.) with a three-head �-camera (Picker 
Prism 3000 XP, Picker International, Cleveland, OH), equipped with medium 
energy collimators. The pulse–height analyzer was centered over the energy peak 
(159 KeV, window width 20%). Acquisition parameters were 36 seconds/frame, 
120 projections (40 steps of 3 grades each), 360° rotation, and 128 x 128 matrix. 
The tumor uptake was compared to the uptake in the basal ganglia and in the 
cerebral cortex, by means of semiquantitative evaluation: absent uptake degree 0; 
faint uptake, equal or less than the cerebral cortex, 1; higher than the cerebral 
cortex, 2; equal to or higher than the basal ganglia, 3. The TB ratio was also 
calculated, as a ratio of the mean count of the lesion over that of the cerebellum. 
Images were reconstructed by means of filtered backprojection (Ramp filter, Metz 
4.84), and the attenuation was corrected by Chang algorithm (0.10 cm-1 attenuation 
coefficient). Total body images were also recorded 3 hours p.i., with a two-head 
camera (Prism 2000, Picker International), with an acquisition time of 40 minutes. 
Immunohistochemistry protocol 
Immunohistochemical analysis of D2R was performed in three tumors after surgical 
enucleation. Twenty other uveal melanomas (from a pathology archive), as well as 
seven metastatic lymph nodes from seven different skin melanomas, and two 
normal specimens (skin and lymph nodes) were also studied. Four-micrometer (4 
�m) paraffin-embedded sequential sections were deparafinized, rehydrated, 
exposed to microwave heating (in pH 6 citrate buffer, 15 minutes at 100°C), rinsed 
in tap water and phosphate-buffered saline (PBS), and incubated for 15 minutes in 
normal goat serum (1:10 dilution in PBS + 5% bovine serum albumin). The 
sections were then incubated overnight at 4°C with rabbit anti-D2R polyclonal 
antibody (Chemicon International Inc., Temecula, CA), at 1:450 dilution. Finally, a 
standard streptavidinbiotinylated-alkaline phosphatase complex (Biogenix, San 
Ramon, CA) was used according to the manufacturer’s instructions. To visualize 
bound antibodies, the sections were developed with New Fuchsine/Naphtol AS-
MX, slightly counterstained with hematoxylin and mounted. Negative controls 
included omission of the primary antibody and preabsorbtion of the antibodies with 
immunizing receptor peptide (at a concentration of 6 �g/mL). Sections were 
evaluated using a semiquantitative arbitrary score: minus (-), absence of specific 
binding of the primary antibody; plus-minus (±), weak positivity; plus (+), clear 
positivity.  
125I-epidepride autoradiography 
The in vitro binding of 125I-epidepride was studied in 10 uveal melanomas 
(including the specimens from 3 patients already studied in vivo and by 
immunohistochemistry), 7 metastatic lymph nodes from 7 different skin 
melanomas, and 2 normal specimens. Twenty micrometer (20 �m) sections were 
mounted onto precleaned gelatin-coated microscope slides and stored at -80°C to 
improve the adhesion of tissue to the slides. The sections were preincubated at 
room temperature for 10 minutes in a buffer containing 50 mM Tris-HCl pH 7.7, 120 
mM NaCl, 5 mM KCl, 2 mM CaCl2, 1 mM MgCl2, and 0.25% of ascorbic acid. The 
sections were then incubated for 60 minutes at room temperature in the same 
buffer, in the presence of 125I-epidepride. Specific activity of the radioligand was 
high (approximately 2000 Ci/mmol). The sections were then washed twice for 10 
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minutes in buffer. After a short wash with distilled water, the sections were dried on 
air stream and exposed to Kodak Biomax Film (Amersham, Buckinghamshire, UK) 
or Hyperfilm-3H (Amersham, Houten, The Netherlands) for 3–7 days in x-ray 
cassettes. Nonspecific binding was determined in an adjacent section in the 
presence of excess (1 �M) quinagolide, a non-ergot derivative D2R agonist 
(Novartis, Basel, Switzerland). Sections of rat brain, obtained from the anterior part 
of the neostriatum (caudate nucleus/putamen), were taken as positive controls. A 
displacement curve of binding was performed by exposing these sections to 
decreasing concentrations of quinagolide (10-6–10-13 M). Samples were considered 
positive when coincubation with 1 �M quinagolide displaced the 125I-epidepride 
binding by more than 50%. 
 
Results 
 
123I-epidepride Scintigraphy 
No adverse reaction was observed in any of the patients studied. In all patients 
there was a high uptake in the basal ganglia. In all five patients who had a 
posterior uveal melanoma, the affected eye clearly showed increased radioligand 
uptake, whereas in the operated patient no pathological uptake was seen (Figs. 1 
and 2). The TB ratio ranged between 3.1 and 6.1 in the affected eyes, whereas it 
was 1 in the operated patient and in the nonaffected eyes. The semiquantitative 
score was 2 in four patients, 1 in one patient (bearing a small uveal lesion sized 10 
x 3 mm as measured by magnetic resonance imaging [MRI] scan), and 0 in the 
operated one. None of the patients had metastases, as recorded with computed 
tomography (CT) and/or MRI. Total body images during 123I-epidepride scintigraphy 
did not show pathological uptake elsewhere in the body. The normal 123I-epidepride 
biodistribution on the whole body scintigram was characterized by tracer uptake in 
the striatum, as well as in liver and gallbladder (the main excretory organs), 
intestines, and faintly in the lungs. The kidneys and urinary bladder were also 
visualized (Fig. 3). 
 
D2 Dopamine Receptor Immunohistochemistry 
Results of the immunohistochemistry for D2R are summarized in Tables 1 and 2, 
and some examples are shown in Figure 4. In total, 8 uveal tumors were positive 
(35%), 14 were weakly positive (61%), and 1 was negative (4%); 2 skin melanoma 
metastases were positive (29%), 2 were weakly positive (29%), and 3 were 
negative (42%). 
 

125I-epidepride Autoradiography 
The results of autoradiography are shown in Tables 2 and 3. The binding was 
considered nonspecific when no displacement by an excess of quinagolide (1 �M) 
occurred. In total, two uveal tumors were positive (20%), seven had high 
nonspecific binding (70%), and one was negative (10%); one skin melanoma 
metastasis was positive (14%) and six were negative (86%). An overview of the in 
vitro results from the three patients previously scanned in vivo is shown in Table 4.  
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Discussion 
Because melanocytes originate from the neural crest and melanin is present both 
in these cells and in the substantia nigra, benzamide derivatives have been 
proposed as radiopharmaceuticals for the staging of melanoma. Like sympathetic 
neurones, melanocytes take up tyrosine, oxidize it to 3,4-Dihydroxyphenylalanine 
(DOPA), and transform it to melanin. The exact mechanism of the binding of 
benzamides to melanoma cells remains unclear. Despite the finding of D1R 
expression in B16 mouse melanoma cells, there is no evidence of G-coupled 
dopamine receptors in human melanocytes [23–25]. An intracellular binding of 
benzamides to melanin has been suggested since benzamide uptake is absent in 
amelanotic melanomas. Moreover, the uptake seems proportional to the melanin 
content and to the intracellular pH peak of melanin synthesis [26]. On the other 
hand, the binding of benzamides to sigma receptors, again with lack of 
visualization of amelanotic lesions [27], and possible involvement of the recently 
cloned dopamine receptor subtypes 3 and 4 cannot be ruled out [23]. The 
application of radiolabeled benzamides in uveal melanoma yielded a good 
detection sensitivity, ranging from 86% to 90%, compared to immunoscintigraphy 
[18,19]. In another study, an amelanotic lesion of the iris could not be visualized 
[20], corroborating the hypothesis of melanin uptake of the tracer, as suggested for 
cutaneous melanoma as well. Despite the limited number of patients evaluated in 
the present study, the results in the assessment of uveal melanoma lesions, in 
terms of imaging quality, specificity, and sensitivity (100% in our series) seem 
promising. As far as the mechanism of epidepride binding to melanoma tissue is 
concerned, using 125I-epidepride autoradiography, we found a potential nonspecific 
binding to melanin in 7 out of 10 ocular melanomas and in 1 out of 7 metastatic 
lymph nodes. Conversely, two primary ocular melanomas and one metastatic 
lymph node showed specific 125I-epidepride binding. According to 
immunohistochemistry, 8 out of 23 ocular melanomas (35%) and 2 out of 7 
metastatic lymph nodes (29%) showed D2R expression. Furthermore, the results of 
in vivo scintigraphy were in line with immunohistochemical evidence of D2R 
expression in tumor samples. In favor of specific D2R involvement in benzamide 
binding, an intriguing perspective is given by the outcome from the metastatic 
lymph nodes analyzed with immunohistochemistry. In fact, of two positive cases, 
one was an amelanotic metastasis. Thus, melanin cannot be considered the only 
explanation for benzamide binding in melanoma. These data are in agreement with 
those of literature from Larisch et al. [21] and Coenen et al. [26] who noticed that 
the binding of benzamides was dependent on the pH of the medium, peaking when 
the pH is optimal for melanin synthesis. Larisch et al. supposed that 123I-IBZM does 
not bind to tyrosinase, as previously reported, because amelanotic melanomas 
also have this enzyme. Comparing the chemical similarities between benzamides 
and 5,6-dihydroxyindole (which is the direct precursor of melanin), and therefore 
the benzole ring and the pentangular ring containing a nitrogen atom, these 
authors hypothesized that 123I-IBZM binds melanin, which derives from 5,6-
dihydroxyindole polymerization. 
 
Conclusions 
We conclude that 123I-epidepride uptake in malignant melanomas might be related 
to aspecific binding, although two proven techniques have clearly indicated the 
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presence of D2R in a significant proportion of cases. Further studies on larger 
series are needed to correlate D2R expression by immunohistochemistry to the 
histotype. Because 123I-epidepride has been shown to demonstrate D2R in pituitary 
adenomas as well as in some melanomas, it might represent a future tool to study 
D2R expression in other classes of neuroendocrine tumors. 
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Figure 1. Transaxial slices from 123I-epidepride SPECT in four of the studied patients. Note the 
pathological uptake in the affected eyes (first, second and third row, from patients C, A and B 
respectively), while no accumulation is seen in the operated patient (last row). 
 

Figure 2. Coronal slices from 123I-epidepride SPECT in four of the studied patients. Note the 
pathological uptake in the affected eyes (first, second and third row, from patients C, A and B 
respectively), while no accumulation is seen in the operated patient (last row). 
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Figure 3. 123I-epidepride total body images, anterior and 
posterior view (patient C). Note the accumulation in the 
affected eye (anterior projection) and the biodistribution 
features of the radioligand. 
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Abstract 
Background: Dopamine receptor (DR) expression and dopamine agonist (DA) 
effectiveness have never been demonstrated in neuroendocrine tumors associated 
with ectopic ACTH syndrome (EAS). Aim: The aim of the current study was to 
evaluate DR and particularly D2 subtype expression in neuroendocrine tumors 
associated with EAS and to evaluate the in vivo effectiveness of the DA 
cabergoline in the treatment of EAS. Patients and Methods: Six ACTH-secreting 
neuroendocrine tumors, including four lung, one pancreatic, and one thymic 
carcinoid, were used for the evaluation of D2 expression by immunohistochemistry. 
DR subtypes and D2 isoforms and number were evaluated by RT-PCR in three 
cases of persistent EAS after surgery. These patients were treated with 
cabergoline at the dose of 3.5 mg/wk for 6 months. Clinical parameters, hormonal 
levels, and tumor size were monitored during the treatment period. Results: At 
immunohistochemistry, D2 was expressed in five (83.3%) tumors. At RT-PCR, D2 
was confirmed in all three cases but at variable numbers, whereas D4 was 
expressed in two cases. D2long was expressed in all three cases, together with 
D2short in one case. A normalization of urinary cortisol levels was found in two 
patients (66.7%) after 3 months of treatment. However, treatment escape was 
demonstrated in one of these patients afterward. Conclusion: The results of this 
study demonstrated that DR are expressed in neuroendocrine tumors associated 
with EAS and that cabergoline treatment could be effective in controlling cortisol 
excess in a subgroup of patients with EAS. Further studies on a larger number of 
patients are mandatory to confirm the usefulness of DA in EAS.  
 
Introduction 
The ectopic ACTH syndrome (EAS) is a rare cause of Cushing syndrome (CS). 
Neuroendocrine tumors, localized in lung, thymus, or gastro-entero-pancreatic 
system, frequently classified as carcinoids, represent the main causes of EAS [1]. 
The treatment of choice of EAS is the surgical removal of the tumor, but its success 
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rate is limited because of persistent tumor remnants, especially in case of lung 
carcinoids [1,2]. Medical treatment is generally palliative and aimed at inhibiting 
adrenal cortisol secretion [3]. Moreover, somatostatin analogs (SA) were found to 
be effective in controlling the carcinoid ACTH secretion after short-term treatment 
but to fail frequently in maintaining this control after long-term treatment [4]. 
Dopamine receptors (DR) have been postulated in neuroendocrine tumors [5] and 
demonstrated to be expressed in ACTH-secreting pituitary tumors [6]. Dopamine 
agonists (DA), although experimentally used in the treatment of pituitary-dependent 
CS [6], have been never used in the treatment of EAS. The aim of the current study 
was to evaluate DR expression in ACTH-secreting extrapituitary (ectopic) 
neuroendocrine tumors associated with EAS and the effectiveness of the DA 
cabergoline on the control of ACTH and cortisol secretion in three cases 
unsuccessfully operated and with persistent EAS after surgery. 
 
Patients and Methods 
 
Patients 
Six patients (two females and four males, 30–50 yr old) with a diagnosis of EAS 
associated with ACTH-secreting neuroendocrine tumors entered the study after 
their informed consent had been obtained. All patients were subjected to surgery 
for the removal of the tumor. The histological and immunohistochemical study of 
the tumor documented an ACTH-secreting neuroendocrine tumor in all cases: a 
lung carcinoid in four cases (typical in three and atypical in one) and a pancreatic 
well-differentiated endocrine carcinoma (pancreatic carcinoid) and a thymic 
carcinoid in the remaining two cases. The patients’ profile and tumor characteristics 
are shown in Table 1. After surgery, a clinical, hormonal, and radiological remission 
of EAS was documented in three patients, whereas disease persisted in the 
remaining three patients (patients 1–3 in Table 1), all bearing a residual lung 
carcinoid (typical in two and atypical in one). In these three patients, at the 
diagnosis, tumor diameters were 1.8 cm (patient 1), 1.5 cm (patient 2), and 1.2 cm 
(patient 3). Lymph node metastases were present in two patients (patients 1 and 
2), whereas no distant metastases were detected in any of the three patients. After 
surgery, a residual tumor was found in all three cases: tumor diameter was 
measurable (1.0 cm) only in one case (patient 1), where positive lymph nodes were 
also found, whereas in the remaining two patients residual tumors were not visible 
with standard imaging techniques but were clearly visualized with somatostatin 
receptor scintigraphy. 
 
Study design 
DR subtype and D2 isoform (D2long and D2short) expression were evaluated by 
standard RT-PCR and D2 number was evaluated by quantitative RT-PCR in three 
cases (patients 1–3 in Table 1), whereas D2 receptor expression and localization 
was evaluated by immunohistochemistry (IHC) in all six cases. The effectiveness of 
cabergoline treatment on clinical, hormonal, and radiological parameters was 
evaluated in the three cases of patients with persistent EAS after surgery (patients 
1–3 in Table 1). The study was in accordance with the Helsinki Doctrine on Human 
Experimentation and the protocol was approved by the Local Ethical Committees. 
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IHC 
Tumor specimens, obtained at the time of tumor excision, were fixed in formalin 
and embedded in paraffin for IHC study. The IHC study was performed on tissue 
samples according to previous reports [6,7]. Immunostaining for D2 was performed 
using a rabbit antihuman polyclonal antibody (Chemicon International, Temecula, 
CA) in a dilution of 1:500. Immunostaining for ACTH (Neomarkers, Duiven, The 
Netherlands; dilution 1:100), chromogranin A (Biogenix, Duiven, The Netherlands; 
dilution 1:100), and synaptophysin (Dako, Heverlee, Belgium; dilution 1:50) was 
performed, together with histology, on sequential sections. The intensity of 
immunostaining for ACTH, chromogranin A, synaptophysin, and D2 receptor was 
scored with the following semiquantitative method: -, absent; +, weak; ++, 
moderate; +++, strong immunostaining. 
 
RT-PCR 
Tumor specimens, obtained at the time of tumor excision, were quickly frozen on 
dry ice and stored in a freezer at -80 C for RT-PCR study. Standard RT-PCR was 
performed according to previous reports [6,7]. Quantitative RT-PCR was performed 
according to a previous report [8], after the isolation of total RNA, performed by 
using the Tri Pure Isolation Reagent kit (Roche Molecular Biochemicals, 
Indianapolis, IN). The detection of hypoxanthine phosphoribosyltransferase (HPRT) 
served as a control and was used for normalization of the D2 levels. Primer and 
probe sequence for HPRT has been previously described [9]. Primers and probe 
for D2 were: 5’-GCCACTCAGATGCTCGCC-3’ (forward), 5’-
ATGTGTGTGATGAAGAAGGGCA-3’ (reverse) and 5’-FAM-
TTGTTCTCGGCGTGTTCATCATCTGC-TAMRA-3’ (probe). Primers and probe for 
HPRT were: 5’-TGCTTTCCTTGGTCAGGCAGTAT- (forward), 5’-
TCAAATCCAACAAAGTCTGGCTTATATC-3’ (reverse), and 5’-FAM-
CAAGCTTGCGACCTTGACCATCTTTGGA-TAMRA- (probe). Five cases of ACTH-
secreting pituitary tumors were used controls for the evaluation of the D2 number at 
the quantitative RT-PCR. 
 
Therapeutic study 
Cabergoline was administered at the dose of 3.5 mg/wk (0.5 mg/d), after the 
administration of a test dose (1 mg) during the week before starting the treatment 
to evaluate the tolerability for the drug. The clinical evaluation, including the scoring 
of the symptoms and signs, and mainly the measurement of blood pressure and 
serum glucose and lipid levels as well as the hormonal evaluation, including the 
measurement of plasma ACTH and serum and urinary cortisol levels, were 
performed monthly, whereas the radiological evaluation, including the 
measurement of tumor mass, was performed every 3 months and/or at the 
withdrawal of the cabergoline treatment by computed tomography or magnetic 
resonance imaging. 
 
Hormone assay 
Plasma ACTH levels were measured by immunoradiometric assay, whereas serum 
and urinary cortisol levels were measured by RIA method using commercially 
available kits. Both at baseline and during the follow-up evaluations, plasma ACTH 
and serum cortisol were measured after an overnight fasting at 0800 h in a single 



 49 

sample, whereas urinary cortisol levels were collected three times in the same 
week and the mean considered for the study. Normal ranges were 10–100 pg/ml 
for plasma ACTH, 50–200 �g/liter for serum cortisol and 35–135 �g/24 h for urinary 
cortisol. 
 
Results 
 
DR expression 
In the IHC study, specific D2 immunostaining was found in five (83.3%) of the six 
cases, including the four lung and the thymic carcinoids. D2 immunostaining was 
strong and homogeneous in two lung carcinoids, moderate in one lung carcinoid, 
and weak and heterogeneous in one lung and in the thymic carcinoi. In the 
standard RT-PCR study, D2 receptor was expressed in all three cases (lung 
carcinoids) that were tested with this technique (both D2long and D2short in one case 
and only D2long in two cases), whereas D4 receptor was expressed in two of the 
three lung carcinoids (patients 1 and 2 in Table 1). In the quantitative RT-PCR 
study, a variable number of D2 was found, being relatively higher in one case 
(patient 1 in Table 1) and lower in two cases (patients 2 and 3 in Table 1). The 
results of the RT-PCR and IHC studies are summarized in Table 1. An example of 
the IHC results in one case of lung carcinoid (patient 4 in Table 1) is shown in Fig. 
1. 
 
DA effectiveness 
A significant inhibition of plasma ACTH, as well as serum and urinary cortisol 
levels, was found in two of the three (66.7%) patients with postoperative persistent 
EAS after 1 month, and a complete normalization of both ACTH and cortisol levels 
was found in these patients after 3 months of treatment with cabergoline. 
Conversely, no significant hormonal changes were found in the third patient, in 
whom, therefore, treatment was stopped after 1 month. In one of the two 
responsive patients, ACTH started to rise again at 4 months, whereas cortisol 
started to reincrease at 5 months of treatment and did not normalize despite the 
augmentation of the cabergoline dose from 0.5 to 1 mg/d. In this patient 
cabergoline treatment was stopped after 6 months of treatment. In the remaining 
responsive patient, ACTH and cortisol levels, despite some fluctuations, remained 
normal during the 6 months of treatment. Plasma ACTH and urinary cortisol levels 
in the three patients treated with cabergoline are shown in Fig. 2. A significant 
improvement of the clinical syndrome, mainly blood pressure and blood glucose 
levels, was found in the two responsive but not in the resistant patient. In the 
patient who had a treatment escape, a reworsening of the clinical syndrome was 
found at the 6-month follow-up. No change in tumor size was found in any of the 
three patients during the treatment period. 
 
Discussion 
EAS is a rare but severe syndrome frequently caused by neuroendocrine tumors, 
recently defined as endocrine tumors or carcinomas, generally localized in the 
chest or derived from the gastro-entero-pancreatic system [1]. The most common 
tumor causing EAS is the lung carcinoid [1]. The optimal treatment of EAS 
associated with lung carcinoid is surgical removal of the tumor and related 
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resectable metastases [1]. However, surgery does not represent a curative 
treatment in the majority of patients. Alternative treatments are generally palliative. 
Because chemotherapy is not effective except in aggressive tumors, treatments 
targeting the adrenal glands and aiming at normalizing cortisol secretion are the 
most commonly used therapies when the source of ACTH secretion cannot be 
found, removed, or treated [3]. SA have recently taken a central place in the 
treatment of EAS caused by lung carcinoids, acting through somatostatin receptors 
frequently expressed in these tumors [4,10]. However, although short-term efficacy 
of octreotide in controlling ACTH and cortisol secretion has been described in 
many cases of EAS, reports of long-term effectiveness of octreotide are limited, 
probably because of the frequent occurrence of treatment escape [11–13]. Despite 
the well-known DR expression and role in pituitary tumors [6,14–18], the DR 
expression and its role in extrapituitary (ectopic) neuroendocrine tumors, and 
particularly in carcinoids, has never been extensively evaluated. Furthermore, 
despite the demonstrated DA effectiveness in the treatment of pituitary-dependent 
CS [6,19], the possible DA effectiveness in the treatment of EAS has never been 
tested. DR represent a group of five different G protein coupled receptors (D1–D5), 
mediating the various central and peripheral actions of dopamine [20]. DR 
expression and dopamine synthesis have been demonstrated in gastrointestinal 
neuroendocrine tumor cell lines [5]. The current study is the first demonstrating DR, 
particularly D2 and D4, expression in ACTH-secreting ectopic tumors, including 
lung, thymus, and pancreatic carcinoids, suggesting that DR may play a role in the 
biology of these tumors and/or form a target for treatment with DA. Cabergoline 
was demonstrated to be effective in the treatment of ACTH-secreting pituitary 
tumors, causing CS [6]. The current study demonstrates for the first time a possible 
effectiveness of cabergoline in the treatment of ACTH-secreting ectopic tumors, 
causing EAS. Short-term cabergoline treatment significantly inhibited ACTH, and 
consequently cortisol secretion in two of three cases with EAS due to a lung 
carcinoid. Hormonal suppression was maintained for a longterm follow-up in one of 
these two cases, with a clear-cut improvement of clinical syndrome and without any 
significant change in the size of the tumor. It is noteworthy that the patient not 
responsive to cabergoline was bearing a tumor expressing only the long isoform of 
D2 and the patient who experienced a treatment escape was bearing a tumor 
expressing the long isoform of D2 associated with D4 receptor, whereas the patient 
showing long-term responsiveness to cabergoline, was bearing a tumor expressing 
both isoforms of D2 as well as D4 receptors. Taken into consideration that three 
cases are not enough to draw final conclusions, it seems that the expression of 
short isoform of D2 and/or the coexpression of D4 may play a pivotal role in the 
effectiveness of DA in the treatment of carcinoid tumors associated with EAS. This 
hypothesis seems to be supported by similar evidence found in the treatment of 
pituitary tumors [6,17]. Alternatively, the responsiveness and/or the protection from 
treatment escape could be related to the different numbers of D2 and/or D4 
expressed in the tumor. Indeed, it has to be pointed out that the patient who was 
long-term responsive to cabergoline treatment had a tumor with a stronger D2 at 
IHC and a relatively higher number of D2 at RT-PCR than the non long-term 
responsive patients. Finally, the possible effectiveness of DA, demonstrated in the 
present study, and the well-described effectiveness of SA, demonstrated in 
previous studies, together with the demonstration of a synergistic cooperation 
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between somatostatin receptors and DR and the potentiation of the correspondent 
SA and DA effectiveness in transfected cell lines [21], suggest a possible 
synergism in the action of the two categories of drugs in the treatment of carcinoid 
tumors causing EAS. This phenomenon has been indeed recently demonstrated in 
a case of EAS due to lung carcinoid [22].  
In conclusion, DR, particularly D2 and D4, are expressed in carcinoid tumors 
associated with EAS, where they can mediate a therapeutic effect of DA, 
particularly cabergoline, in the inhibition of ACTH and cortisol secretion, and so 
preventing the complications of glucocorticoids excess due to EAS. These data 
suggest that DA might be included in the therapeutic options, especially in 
combination with SA, of persisting EAS, mainly for patients with occult or 
nonresectable tumors or patients with active disease before surgery or disease 
persistence after surgery, who are waiting for the definitive cure. It is important to 
point out that further studies on a larger number of patients are mandatory to 
confirm the real usefulness of DA in the management of EAS. 
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FIG. 1. Example of the result of IHC study in a case of ACTH-secreting lung 
carcinoid (patient 4 in Table 1). The picture includes histology with 
hematoxylin eosin staining (A), ACTH (B), chromogranin (C), and D2 
receptor (D) immunostaining. Displacement of immunostaining after 
preabsorption of the D2 antibody with immunizing peptide, demonstrating 
specificity of the staining, is shown in photomicrograph E. The picture shows 
a diffuse immunostaining for chromogranin and ACTH within the lung tumor 
sample, confirming the diagnosis of ACTH-secreting carcinoid tumor. The 
carcinoid displays a significant immunostaining for D2 receptor 
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FIG. 2. Plasma ACTH (top) and urinary cortisol (bottom) response to 
cabergoline treatment in three patients with persistent EAS due to an 
ACTH-secreting lung carcinoid (	, patient 1; 
, patient 2; � patient 3 in 
Table 1). The interrupted line indicates the upper limit of the normal range. 
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Abstract 
A newly developed somatostatin radioligand, DOTA-[D-Phe1-Tyr3]-octreotide 
(DOTATOC), has been synthesised for therapeutic purposes, because of its stable 
and easy labelling with yttrium-90. The aim of this study was to determine the 
dosage, safety profile and therapeutic efficacy of 90Y-DOTATOC in patients with 
cancers expressing somatostatin receptors. We recruited 30 patients with 
histologically confirmed cancer. The main inclusion criterion was the presence of 
somatostatin receptors as documented by 111In-DOTATOC scintigraphy. 90Y-
DOTATOC was injected intravenously using a horizontal protocol: patients 
received equivalent-activity doses in each of three cycles over 6 months. The first 
six patients received 1.11 GBq per cycle and the four successive groups of six 
patients received doses increasing in 0.37-GBq steps. Toxicity was evaluated 
according to WHO criteria. No patient had acute or delayed adverse reactions up to 
2.59 GBq 90Y-DOTATOC per cycle (total 7.77 GBq). After a total dose of 3.33 GBq, 
one patient developed grade II renal toxicity 6 months later. The maximum 
tolerated dose per cycle has not yet been reached, although transient 
lymphocytopenia has been observed. Total injectable activity is limited by the fact 
that the maximum dose tolerated by the kidneys has been estimated at 20–25 Gy. 
Complete or partial tumour mass reduction occurred in 23% of patients; 64% had 
stable and 13% progressive disease. It is concluded that high activities of 90Y-
DOTATOC can be administered with a low risk of myelotoxicity, although the 
cumulative radiation dose to the kidneys is a limiting factor and requires careful 
evaluation. Objective therapeutic responses have been observed. 
 
Introduction 
Since the discovery, in the late 1960s, of the inhibitory properties of native 
tetradecapeptide somatostatin (SS), its extremely short plasma half-life has 
inspired the synthesis of analogues with more favourable characteristics. The SS 
analogue octreotide contains the bioactive core of native molecule, consisting in an 
eight amino acid residue. Recent evidence has shown that the critical portion of 
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any SS analogue is the D-Trp-Lys fragment. Presently, five specific human G 
protein-coupled SS receptor subtypes have been cloned and partially 
characterised. All five receptors bind native SS with high affinity, while octreotide 
binds with very high affinity only to subtype 2 (sst2) and shows moderately high 
affinity for sst5 and intermediate affinity for sst3. 
High concentrations of sst2 receptors are expressed in numerous tumours, 
enabling primary and metastatic masses to be localised by scintigraphy after 
injection of indium-111 labelled octreotide, a SS analogue [1]. In addition to 
neuroendocrine tumours, SS receptors have been identified on cancers of the 
central nervous system [2], breast [3], lung and lymphatic tissue [4], and the use of 
radionuclide-labelled SS analogues shows promise for therapy as well as diagnosis 
of such cancers [5]. Moreover, sst2 receptors have been observed in peritumoural 
vessels [6,7], thus enabling an anti-angiogenetic response during radionuclide 
therapy. 
Ongoing multicentre clinical trials, using high doses of 111In-DTPA-octreotide 
(OctreoScan) in patients with neuroendocrine tumours [8], have yielded an 
objective response rate of approximately 15%, with a 66% overall response rate. 
These results may be ascribed to the Auger and conversion electrons emitted by 
111In. However, yttrium-90 seems more suitable for therapeutic use because of its 
energetic β-particles (Emax=2.27 MeV) and its long range [R95=5.94 mm (R95 being 
the distance within which the β-particle transfers 95% of its energy to the target 
tissue)], which allows “cross-fire” irradiation. Because of the low stability of 90Y-
DTPA linkage, the SS analogue [1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-
tetra-acetic acid0, D-Phe1-Tyr3]-octreotide (DOTATOC) was synthesised for stable 
labelling with 90Y. DOTATOC has favourable characteristics for potential 
therapeutic use [9], in that it shows high affinity for sst2 [10, 11] and moderately 
high affinity for sst5, high hydrophilicity, and stable and easy labelling with 111In and 
90Y [12,13]. Following a previous biokinetics and dosimetry study in which 111In-
DOTATOC was administered to estimate absorbed doses during 90Y-DOTATOC 
therapy [14,15], we now report on the toxicity and therapeutic efficacy of 90Y-
DOTATOC in 30 patients with cancers expressing sst2. 
 
Materials and methods 
 
Patient population and inclusion criteria 
We recruited 30 adult patients (18 men and 12 women; age 35–73 years) with 
histologically confirmed cancer (23 carcinoids, one breast cancer, three medullary 
thyroid cancers, one meningioma, one grade III astrocytoma and one small cell 
lung cancer) and documented residual disease or recurrence after conventional 
treatment. The main inclusion criterion was presence of SS receptors as 
documented by scintigraphy with 111In-DOTATOC. Extension of disease was 
assessed by computed tomography (CT), magnetic resonance imaging (MRI) or 
ultrasound. No chemotherapy or radiotherapy was given for at least 1 month before 
and 2 months after receptor-mediated radiotherapy (RMRT) with 90Y-DOTATOC. 
Patient characteristics are shown in Table 1. Exclusion criteria were: (a) pregnancy 
or lactation; (b) age <21 years; (c) Karnofsky performance status <60 and life 
expectancy <6 months; (d) presence of a known second neoplasm; (e) white blood 
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cell count <2,500/dl, haemoglobin <10 g/dl, platelets <100,000/dl, bilirubin >2.5 
mg/dl, and (f) blood urea nitrogen (BUN) >45 mg/dl and creatinine >1.5 mg/dl. The 
study was performed at the European Institute of Oncology after approval by the 
Institute's Ethics Committee. All patients were informed of the nature, aim and 
potential risks of the study, and signed a consent form before beginning treatment. 
 
Reagents 
The SS analogue DOTATOC (DOTA: 1,4,7,10-tetraazacyclododecane-N,N',N'',N'''-
tetra-acetic acid) was synthesised at the Division of Radiological Chemistry 
University Hospital, Basel according to a published procedure [13]. 90Y chloride 
was purchased from AEA Technology (Harwell, UK). Typically, to 30 µg of 
DOTATOC in 30 µl 0.2 M ammonium acetate (pH 5.0) were added 150 µl of 0.4 M 
ammonium acetate/gentisic acid (pH 5.0) and 1.11 GBq 90YCl3 in 0.04 M HCl. The 
mixture was then heated for 25 min at 90°C. Quality control of 90Y-DOTATOC 
employed high-performance liquid chromatography and a Sep-Pak C18 cartridge 
(Waters, Millipore, Mass., USA), as previously described [16]. Labelling yields of 
more than 98% were routinely achieved at a specific activity of more than 50 
GBq/µmol. A competition binding assay, using rat cortex membranes and [125I-
Tyr3]octreotide as specific ligand [13], showed that the receptor binding affinity of 
the radiolabelled DOTATOC was preserved (KD=2.2±0.5 nM). 
 
Administration protocol 
90Y-DOTATOC was injected intravenously over 20 min in 100 ml of physiological 
saline. A horizontal protocol was used: three equivalent activity doses were 
administered to each patient with an interval of 8 weeks between each. The first six 
patients received 30 µg of DOTATOC labelled with 1.11 GBq of 90Y in each of 
three cycles over 6 months. The second group of six patients received 40 µg of 
DOTATOC labelled with 1.48 GBq of 90Y for the same number of cycles. Major 
toxicity was not observed in these two groups, so the other three groups received 
50, 60 and 70 µg of DOTATOC labelled with 1.85, 2.22 and 2.59 GBq of 90Y, 
respectively. The patients were hospitalised for 2–3 days after treatment in rooms 
set aside for radionuclide therapy, and were discharged only after the level of 
activity in the urine had fallen below 0.037 MBq/ml. 
 
Biodistribution and dosimetry 
All patients received an 111In-DOTATOC diagnostic scan before therapy and 
dosimetry was performed as previously described [14,17]. In ten patients whose 
tumour mass (18 lesions) could be accurately evaluated by CT or MRI, whole body 
imaging was performed at 30 min, 3–4 h, 24 h and 48 h after injection using a 
double-head gamma camera (GE MAXXUS) equipped with a medium-energy 
general-purpose collimator. Single-photon emission tomography scans over the 
lesions were also obtained 3–4 h after injection and visually matched with the CT 
and MRI scans. Regions of interest were drawn manually over the total body, 
tumour and normal organs, i.e. heart, lungs, liver, spleen and kidneys. Data from 
the gamma camera were converted to biological time-activity curves [%IAbiol(t)] 
taking into account background, attenuation and physical decay. The SAAM II 
program was used to fit the observed kinetic data to a compartmental model [18]. 
After an acceptable fit had been obtained, the program was used to determine the 
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residence times for 111In and 90Y in the source organs, assuming that the kinetics of 
111In- and 90Y-labelled DOTATOC were identical [14, 19]. Dose calculations were 
performed according to the MIRD formalism, by entering the residence times for all 
source organs in the MIRDOSE 3.1 software and selecting the standard male or 
female phantom, as appropriate to the sex of each patient, so as to reduce the 
approximation resulting from considering standard organs [20]. All patients were 
also scanned at 24 and 48 h after the therapeutic dose of 90Y-DOTADOC 
(bremsstrahlung imaging). 
 
Safety and therapeutic effect 
Toxicity was evaluated according to WHO criteria [21]. After discharge the patients 
underwent the following tests: renal function, hepatic function, lactate 
dehydrogenase and uricaemia every 15 days, and complete blood count 3 days 
after therapy and then weekly for the first 2 months. Tumour markers [5-
hydroxyindoleacetic acid (5-HIAA), chromogranin A and others] were assayed 1 
day before and 2 days after therapy and once a month for the following 2 months. 
Objective therapeutic response was assessed by CT, MRI or both, with and without 
contrast, 6–8 weeks after the third cycle and then every 3 months. Tumour 
volumes were estimated by three independent observers, who examined the 
projections showing the most extensive tumour area, the maximum diameter and 
the corresponding perpendicular diameter. Hypodense and central hypointense 
areas, as well as changes revealed by contrast enhancement, were also assessed. 
It is to be noted, however, that response was defined according to WHO criteria as 
follows: complete response (CR) = total regression of all known lesions for least 1 
month; partial response (PR) = regression of all known lesions by more than 50%; 
minor response (MR) = regression of all known lesions by 25%–50%; stable 
disease (SD) = no change lesion size; progressive disease (PD) = increase of all 
known lesions by 25% or more. Tumour-related symptoms, namely presence and 
frequency of pain, diarrhoea, cutaneous flushing and consumption of symptomatic 
medication, were assessed monthly. Amelioration of symptoms and reduction in 
the level of tumour marker were interpreted as clinical benefit and not objective 
response. 
 
Results 
 
Biodistribution and dosimetry 
The kinetics of 111In-DOTATOC were used to calculate residence times for 90Y-
DOTATOC. The highest absorbed doses were to spleen (7.6±6.3 mGy/MBq) and 
kidneys (3.3±2.2 mGy/MBq). The estimated absorbed dose to marrow was 
0.03±0.01 mGy/MBq. The absorbed dose to other tissues was approximately 
0.08±0.04 mGy/MBq; the total body dose was 0.14±0.06 mGy/MBq. The mean 
tumour residence time τ of 111In-DOTATOC was 0.5 h (range 0.05–6.5 h). Based 
on these data, tumours were estimated to receive a mean dose of between 33 and 
77 Gy for a cumulative injected activity ranging from 3.33 to 7.77 GBq. At this total 
of injected activity, kidneys received a mean dose of between 11 and 25 Gy. Thus 
a total injectable activity based on a 25-Gy limit dose to the kidney was established 
[22]. Biodistribution was also checked after 90Y-DOTATOC injection. 
Bremsstrahlung images were qualitatively compared with 111In-DOTATOC pre-
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therapeutic diagnostic scan in order to verify the possible differences and to store 
useful data for further studies. Generally, good matching among the studies was 
recorded. 
 
Toxicity 
No major acute undesirable reactions were observed after 90Y-DOTATOC injection 
up to 2.59 GBq per cycle, although five patients (16%) had moderate 
gastrointestinal toxicity: four grade 2 nausea (intake decreased but able to eat) and 
one grade 1 vomiting (one episode in 24 h). No other clinical manifestation of acute 
toxicity, such as skin reaction, allergy or fever, was observed. Major 
haematological toxicity (grade 3 or 4) did not occur (Fig. 1), except for a transient 
reduction in lymphocytes (grade 3 or 4 in almost all patients). No correlation was 
observed between administered dose and severity of lymphocytopenia, and 
recovery to pre-treatment levels occurred in all patients. Up to 5.55 GBq, most 
patients had haematological toxicity in the 0–1 range. Among those who received a 
cumulative dose in the range 6.66–7.77 GBq, 41.7% developed grade 2 toxicity 
after 3–4 weeks, but in all cases recovered in 4–6 weeks. These figures are as 
expected from the very low dose to marrow as estimated from the dosimetry study. 
The renal toxicity after three treatments in patients who received cumulative doses 
in the range 3.33–7.77 GBq is shown in Fig. 2. Among these, none developed 
acute renal toxicity; however, three patients developed delayed grade 1 toxicity at 
a dose of 6.66–7.77 GBq. One patient, a 58-year-old man who had suffered from 
hypertension for 6 years, developed grade 2 renal toxicity 6 months after therapy. 
He received three cycles of 1.11 GBq for a cumulative dose of 3.33 GBq. The 
estimated kidney dose was 12 Gy. A year later creatinine and BUN had returned to 
normal, but the glomerular filtration rate, as detected by renal technetium-
99mdiethylene triamine penta-acetic acid scintigraphy, was reduced (data not 
shown). 
Therapeutic effect 
Figure 3A shows the overall results 2–4 months after therapy. Four patients 
(13.3%) did not respond to therapy (PD), 19 (63.3%) had stable disease and seven 
(23.3%) had tumour regression (CR/PR or MR). Figure 3B summarises the results 
at the latest check-up, 6–25 months after completion of therapy. At that time, 22% 
of patients were still responding to the therapy. Median duration of response was 
18 months (range 6–25 months); follow-up continues. Examples of objective 
response are shown in Figs. 4 and 5. Figure 4B shows the MRI scan before 
therapy in a woman with brain metastasis from breast carcinoma (patient 27). The 
primary breast cancer (T3N1M0 ductal infiltrating carcinoma) was removed 
surgically in 1993 and this was followed by chemotherapy. In 1997 the patient 
received surgery and external radiotherapy for brain metastasis. In 1998 two new 
brain lesions, positive on 111In-DOTATOC, were identified. She entered this study 
and received three cycles of 2.22 GBq, following which the lesions disappeared 
(Fig. 4D). Partial remission was observed after the second cycle (Fig. 4C). The CR 
has lasted 16 months, with the patient still in remission at the most recent check-up 
(June 2000). A good example of an objective PR is shown in Fig. 5. In this patient 
with carcinoid of the pancreatic head, tracer uptake was intense prior to therapy 
(Fig. 5A, whole body scan), while the biodistribution was excellent, with faint uptake 
in the rest of the body, including the kidneys. The patient received three doses of 
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2.59 GBq without evidence of toxicity. Subsequent CT (Fig. 5C in comparison to 
Fig. 5B) and 111In control scans (Fig. 5D) showed a reduction in tumour mass of 
more than 80%. The carcinoid syndrome disappeared after the first cycle and the 
patient later gained weight. The duration of PR has been 15 months, and the 
patient was still in remission at latest check-up (May 2000). Liver lesions from 
neuroendocrine tumours presented various findings on helical CT scan in our 
series. In particular, contrast enhancement and lesion dimensions during treatment 
did not behave uniformly; for this reason, follow-up included tumour marker assays 
and 111In-DOTATOC scans as well as CT. In 11 cases (36%) there was a 
mismatch between objective and humoural response. In these patients, all with 
neuroendocrine tumours, 111In-DOTATOC uptake and marker levels reduced and 
there was a subjective improvement in symptoms and quality of life, although a 
less than 25% reduction in tumour size was seen on CT. By contrast, in two other 
cases (one small bowel carcinoid and one glucagonoma) CT showed CR of liver 
lesions with normalisation of urine 5-HIAA and serum glucagon, despite the fact 
that a control study with 111In-DOTATOC still showed a small focus of tracer uptake 
at the tumour site (Fig. 6). 
 
Discussion 
The first finding of this study we wish to emphasise is that high doses of 90Y-
DOTATOC can be administered without myelotoxicity and with generally mild side-
effects. For this reason, and as predicted by the dosimetric calculation, the 
maximum tolerated dose (MTD) of bone marrow per cycle has not yet been 
determined. Our dosimetric estimations suggest that it will probably be in the range 
of 5.5–6.7 GBq in patients of 70–80 kg. Assuming the same biodistribution for the 
111In and 90Y compounds, the predicted absorbed dose after administration of 3.7 
GBq of 90Y-DOTATOC is 12.2±8.1 Gy for kidneys, 28.1±23.3 Gy for spleen and 
only 0.1±0.04 Gy for red marrow. Therefore, kidneys and spleen are likely to be the 
dose-limiting organs in patients treated with repeated injections of 90Y-DOTATOC, 
and although no major toxic effects have yet been observed in any organ, our main 
concern with this treatment is the cumulative effect of three cycles or more on the 
kidneys. Due to the high concentration of sst2, a very high dose is delivered to the 
spleen (30–60 Gy/3.7–7.4 GBq). This is likely to cause splenic atrophy, which will 
increase the risk of septic shock by about 10% [23]. However, the likely benefit in 
terms of tumour regression, particularly when the 90Y-DOTATOC therapy is 
combined with preventive anti-pneumococcal vaccination, may justify the risk to 
this organ. In our patients 111In-DOTATOC control 4–6 months after 90Y therapy 
showed normal spleen uptake, indicating that at the doses so far employed, no 
splenic atrophy occurs. Possible reasons for the transient lymphocytopenia are the 
heterogeneity of expression of somatostatin receptors in lymphoid tissue (which 
seems to be dependent on the activation state of the cells and on their homing or 
circulating condition) and the variable modulatory functions exerted by 
somatostatin on immune cells [24,25]. The renal tolerated dose having a 5% 
probability of late toxicity within 5 years (TD 5/5) has been estimated at 20–25 Gy 
when external irradiation is delivered to both kidneys over 3–5 weeks using 
reduced daily fractions [22]. Internal delivery of radionuclides, by RMRT for 
example, might be less toxic than conventional external radiotherapy, as this kind 
of radiotherapy is characterised by a continuous decrease in dose rate. We may 
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therefore be justified in escalating doses to a higher level. However, we decided to 
comply with the external radiotherapy model of renal tolerance, considering also 
that late toxic effects on the kidneys may not manifest for several years [26,27]. 
Follow-up of the present series should provide useful data on late effects on the 
kidneys after 90Y-DOTATOC therapy at the 20–25 Gy level. Only one patient 
developed late grade 2 renal toxicity (in the group that received 3.33 GBq). This 
was probably due to impaired baseline renal function as a result of chronic 
hypertension, although creatinine levels in serum were in the normal range prior to 
therapy. At the latest check-up, 22 months after therapy, BUN was again in the 
normal range after only dietary therapy, and the patient is still in remission from the 
liver lesions. The latest follow-up data for all patients are shown in Table 2. The 
administration of amino acids to reduce renal uptake is being explored [28-30]. 
Animal studies have shown a significant reduction (50%–60%) in renal uptake after 
intravenous administration of D-lysine, with no effect on blood clearance or tumour 
uptake. If renal protection allows injection of about 50% more activity, the total 
injectable activity will be increased to about 11–13 GBq. This respects the 20–25 
Gy tolerance dose limit for kidneys [22], which must be adhered to unless long 
follow-up demonstrates that there is no late renal toxicity at the doses already 
employed. The question as to the best mode of administering the activity remains. 
We administered a sequence of equivalent doses at intervals long enough apart to 
reveal acute and sub-acute toxicity. It is unclear whether a single cycle of the 
highest injectable dose or a multiple low-dose regimen provides the best response, 
although we found no relation between injected activity and response rate in the 
present series. We observed objective responses (CR or PR) in 23.3% of patients 
while 63.3% had MR or SD with subjective improvement and reduced levels of 
tumour markers. In all cases, tumour uptake was high and showed a sufficiently 
long residence time, suggesting that this new compound is suitable for receptor-
mediated radiotherapy. Tumour residence times varied widely (0.05–6.5 h), giving 
absorbed doses in a range of 1.4–31.0 mGy/MBq with a mean value of 10.1 
mGy/MBq; this corresponds to a mean total dose of 33 or 77 Gy after the 
administration of 3.3 or 7.7 GBq, respectively. The observed variation may be due 
to factors such as tumour volume, interstitial pressure, vascularisation and receptor 
density on the tumour. Another point to be addressed is when this therapy should 
be given and to whom. We believe that our preliminary results justify recruitment of 
patients with minimal residual disease and favourable biodistribution, although 
traditional chemo- and radiotherapeutic approaches should be integrated. In 
conclusion, this study shows that it is possible to deliver high doses of radioactivity 
to tumour by administration of 90Y-DOTATOC and that objective therapeutic 
responses are achieved in close to a quarter of patients. Methods being developed 
to reduce renal uptake (i.e. amino acid infusion) will probably make it possible to 
considerably decrease the absorbed dose to this critical organ while increasing the 
tumour dose. A study is required to clarify this and to determine the MTD per cycle 
with renal amino acid protection.  
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Table 1. Summary of patient characteristics 

F, Female; M, Male; S, Surgery; CT, chemotherapy; TACE, transarterial chemoembolisation; 
MIBG, metaiodobenzylguanidine; RT, radiotherapy; IFN, interferon –�; SS, somatostatin 
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Fig. 2. Renal toxicity. Each spot represents a patient. The 
highest grade of toxicity reached after a single cycle and/or 
total dose is reported 

Fig. 1A–C. Haematological toxicity. A White blood cells; B 
haemoglobin; C platelets. Each spot represents a patient. The 
highest grade of toxicity reached after a single cycle and/or 
total dose is reported 
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Fig. 3A, B. Summary of results after therapy with 90Y-DOTATOC. A First check-up 2–4 
months after completion of three cycles of therapy. B Latest check-up, 6–25 months after 

Fig. 4. A Pre-therapy planar head scan with 111In-DOTATOC, showing uptake by tumour. 
B–D MRI scans before and after 90YDOTATOC therapy. B MRI appearance before 
therapy. C Partial remission is seen 2 months after the second cycle of 90Y-DOTATOC 
therapy. D Ten months after 90Y-DOTATOC therapy, complete tumour regression is 
observed 
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Fig. 5A–D. Patient with pancreatic carcinoid. A Whole body scan with 111In-DOTATOC 
prior to  therapy. Note strong uptake at tumour site (arrow). B Baseline CT showing a 3-
cm pancreatic lesion. 
C CT scan 3 months after the end of the third cycle, showing partial remission. D Whole 
body scan after 111In-DOTATOC administration at the end of therapy. Note greatly 
reduced uptake at the tumour site (arrow) 
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Fig. 6. A CT before treatment, showing a liver metastasis (arrows). B Pre-therapy 111In-
DOTATOC abdominal scan. C CT after treatment: the liver lesion is no longer visible. D 
Post-treatment 111In-DOTATOC transaxial scan: pathological uptake is still evident in the 
8th segment of the liver. K, Kidney; S, spleen 



 70 

 
    
          Table 2. Summary of the latest follow-up data for all patients. 

 
 
 
 
 
 
 
 
 
 
 
 
 

BUN, Blood urea nitrogen; CR, complete response; PR, partial response; MR, minor  
response; SD, stable disease; PD, progressive disease (for precise definition of response, 
see Materials and methods) a Median 14.5 (range 3–25) b Patient lost in follow-up c Died 
because of acute myocardial infarction d Died because of disease progression 
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Abstract.  
The aim of this study was to determine the maximum tolerated dose of 90Y-
DOTATOC per cycle administered in association with amino acid solution as 
kidney protection in patients with somatostatin receptorpositive tumours. Forty 
patients in eight groups received two cycles of 90Y-DOTATOC, with activity 
increased by 0.37 GBq per group, starting at 2.96 and terminating at 5.55 GBq. All 
patients received lysine ± arginine infusion immediately before and after therapy. 
Forty-eight percent developed acute grade I–II gastrointestinal toxicity (nausea and 
vomiting) after amino acid infusion whereas no acute adverse reactions occurred 
after 90YDOTATOC injection up to 5.55 GBq/cycle. Grade III haematological toxicity 
occurred in three of seven (43%) patients receiving 5.18 GBq, which was defined 
as the maximum tolerable activity per cycle. Objective therapeutic responses 
occurred. Five GBq per cycle is the recommended dosage of 90Y-DOTATOC when 
amino acids are given to protect the kidneys. Although no patients developed acute 
kidney toxicity, delayed kidney toxicity remains a major concern, limiting the 
cumulative dose to ~25 Gy. The way forward with this treatment would seem to be 
to identify more effective renal protective agents, in order to be able to increase the 
cumulative injectable activity and hence tumour dose.  
 
Introduction 
Somatostatin plays a major role in the physiological regulation of hormones and 
organs. Its effects are mediated by high-affinity G-coupled membrane receptors 
(SSRs), five subtypes of which – sst1–5 [1] – have been cloned and partially 
characterised [2,3]. However, the functional roles of each of these SSRs in target 
tissues have not been fully defined. SSRs are over-expressed in a variety of 
cancers of neuroendocrine origin, including gastroenteropancreatic tumours and 
pituitary adenomas. Lymphoma, lung cancer and breast cancer cells may also 
express SSRs. The synthesis and clinical application of the somatostatin analogue 
octreotide in the 1980s opened up a new era in the treatment and management of 
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neuroendocrine tumours expressing somatostatin receptors [4-6]. Octreotide, 
which has a long and therapeutically useful plasma half-life, binds to sst2 with high 
affinity, to sst5 with moderately high affinity and to sst3 with intermediate affinity; 
binding to subtypes 1 and 4 is extremely weak. The molecular basis of its use in 
imaging and therapy is receptor-mediated internalisation of radiolabelled forms and 
retention in lysosomes, rendering possible the in vivo visualisation of tumour cells 
expressing SSRs by octreotide scintigraphy using, for example, [111In-DTPA0]-
octreotide, usually known as OctreoScan (Mallinckrodt Medical, Petten, The 
Netherlands) [7-10]. The first attempt at SSR-targeted radiotherapy involved the 
use of high-activity OctreoScan (6.66–7.4 GBq/cycle) with the rationale that Auger 
and conversion electron emission of indium-111 would occur sufficiently close to 
the nucleus to cause cell destruction. Objective responses to this compound have 
been documented in a large number of patients [11] and its toxicity is under 
evaluation.  
Newer therapeutic approaches involve the use of the beta-emitter yttrium-90 
conjugated via DOTA to Tyr3-octreotide (DOTATOC). The higher energy 
(maximum 2.2 MeV) and penetration range (R95 5.7 mm) of electrons from 90Y 
result in direct killing of SSR-positive cells and a cross-fire effect which kills nearby 
SSR-negative tumour cells. Phase I–II studies using 90Y-DOTATOC in patients with 
sst2-expressing tumours have been carried out in some centres, including ours [12-
15]. The initial results using increasing activities permitted the following 
conclusions: 
1. High activities of 90Y-DOTATOC can be injected into patients with low 
myelotoxicity. 
2. The maximum tolerated activity [roughly the maximum tolerated dose (MTD)] 
has not been reached but exceeds 2.59 GBq/cycle. 
3. Delayed renal damage is the main concern following repeated administration, 
since the threshold absorbed dose for renal toxicity using conventional external 
radiotherapy is ~25 Gy (about 3.3±2.2 Gy is absorbed by the kidneys for each GBq 
of injected yttrium). 
4. Positively charged amino acids competitively inhibit renal tubule reabsorption 
and retention of 90Y-DOTATOC by renal interstitial cells, allowing administration of 
higher activities. 
Our aim in the present study was to determine: 
1. The potential toxicity due to amino acid infusion. 
2. The MTD (as activity) per cycle of 90Y-DOTATOC when administered with amino 
acids, by evaluating haematological, renal and other organ toxicity, with a view to 
possible cumulative administration of up to the maximum allowable dose to kidneys 
(25 Gy). 
 
Materials and methods 
 
Patients 
Forty patients, divided into eight groups, received two cycles of 90Y-DOTATOC, 
with activity increased by 0.37 GBq per group. The starting activity was 2.96 GBq; 
the maximum administered was 5.55 GBq. The patients, 15 women and 25 men, 
aged 26–75 (mean 51.7 years), had histologically confirmed cancers expressing 
sst2 receptors, as documented by OctreoScan or diagnostic scan with 111In-



 73 

DOTATOC (Table 1). All patients had documented residual disease or recurrence 
after conventional treatment. Disease extent was assessed by computed 
tomography (CT), magnetic resonance (MRI) or ultrasound. No chemotherapy or 
radiotherapy was given for at least the month before and 2 months after 90Y-
DOTATOC administration. Exclusion criteria were: (a) pregnancy or lactation; (b) 
age <21 years; (c) Karnofsky performance status <60 and life expectancy <6 
months; (d) presence of a known second neoplasm; (e) white blood cell count 
<2,500/dl, haemoglobin <10 g/dl, platelets <100,000/dl, bilirubin >2.5 mg/dl, and (f) 
blood urea nitrogen (BUN) >45 mg/dl and creatinine >1.5 mg/dl. The study was 
performed at the European Institute of Oncology after approval by the institute's 
ethical committee. All patients were informed of the nature, aims and risks of the 
therapy and signed a written informed consent form before treatment. 
 
Reagents 
DOTATOC (DOTA: 1,4,7,10-tetraazacyclododecane-N,N',N'',N'''-tetraacetic acid) 
was synthesised at the Division of Radiological Chemistry, University Hospital, 
Basel using a published procedure [16]. Yttrium-90 chloride was purchased from 
AEA Technology (Harwell, UK). DOTATOC (1 µg/µl) in 0.2 M sodium acetate (pH 
5.0) was added to 150 µl of 0.4 M sodium acetate/gentisic acid (pH 5.0); this was 
followed by addition to 100 µl of 90YCl3 in 0.04 M HCl, achieving specific activities 
of 50 GBq/µmol. The mixture was then heated for 25 min at 90°C. Quality control of 
90Y-DOTATOC employed high-performance liquid chromatography and a Sep-Pak 
C18 cartridge (Waters, Millipore, Mass., US) as described elsewhere [7]. Typically 
more than 99% of the 90Y was bound to DOTATOC. A competition binding assay, 
using rat cortex membranes and [125I-Tyr3]octreotide as specific ligand [16], 
showed that the receptor binding affinity of the radiolabelled DOTATOC was 
preserved (KD=2.2±0.5 nM). 
 
Administration protocol 
Radiopharmaceutical. 90Y-DOTATOC was injected intravenously over 20 min in 
100 ml of physiological saline. A horizontal protocol was used: two cycles of 
therapy were administered to each patient at least 2 months apart, with at least one 
administration at the highest activity planned for each subgroup. The first five 
patients received 80 µg of DOTATOC labelled with 2.96 GBq of 90Y. The second 
group of six patients received 90 µg of DOTATOC labelled with 3.33 GBq of 90Y. 
Major toxicity was not observed in these two groups; the activity was therefore 
escalated in the other six groups, the patients of which received 100, 110, 120, 
130, 140 and 150 µg of DOTATOC labelled with 3.7, 4.07, 4.44, 4.81, 5.18 and 
5.55 GBq of 90Y, respectively.  
 
Amino acids.  
The first 16 patients received renal protection by infusing 20 g lysine hydrochloride 
in 1 litre of physiological saline, plus 40 g of arginine hydrochloride in 1 litre of 
saline over 3–4 h, before 90Y-DOTATOC administration. The next 14 patients 
received 10 g lysine hydrochloride in 500 ml of saline plus 20 g arginine 
hydrochloride in 500 ml saline, over 1–2 h prior to therapy, with 10 g of lysine in 
500 ml, over 2–3 h, after therapy. The next ten patients received 10 g lysine 
hydrochloride in 500 ml of saline over an hour before therapy and 15 g of lysine 
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hydrochloride in 750 ml saline over 2 h after therapy. The protocols for amino acid 
infusion in these three groups of patients (referred to hereafter as groups I–III, 
respectively) are schematically described in Table 2. The patients were 
hospitalised for 2–3 days after treatment in rooms reserved for radionuclide 
therapy, and were discharged only after the level of specific activity in the urine had 
fallen below 0.037 MBq/ml, as stipulated in the regulations governing use of 
radionuclides at our centre. 
 
Dosimetry 
Dosimetric analysis was performed in six patients (two patients for each amino acid 
administration protocol) to evaluate the effects of amino acid infusion on the 
pharmacokinetics and biodistribution of the activity and the absorbed dose to the 
kidney. Intrapatient results were analysed to avoid problems due to inter-patient 
variations in pharmacokinetics and biodistribution. Each patient received two 
administrations of 111In-DOTATOC (185 MBq) not more than 14 days apart, the first 
without and the second with amino acid infusion. Blood samples and total urine 
were obtained up to 60 h post injection. Whole-body imaging was performed at 30 
min, 3–4 h, 24 h, 40 h and 48 h after injection using a doublehead gamma camera 
(GE, MAXXUS). The MIRD formalism was used for the dosimetric calculations 
[17,18]. 
 
Safety, immunogenicity and therapeutic effect 
Toxicity was evaluated according to WHO criteria [19]. After discharge from 
hospital the patients underwent the following tests: renal function, hepatic function, 
LDH and urate every 30 days, and complete blood count every 15 days for the first 
2 months and monthly subsequently. Immune response to DOTA had previously 
been assessed in a mouse model, and also in 11 of the patients enrolled in the 
present study [20]. The levels and specificities of antibod y responses to relevant 
(Tyr3-octreotide) and non-relevant (HSA)-DOTA targets were evaluated by ELISA 
and competition assays. DOTA was found to be non-immunogenic in the mouse 
model and the 11 patients, indicating that DOTATOC is also non-immunogenic. 
Objective therapeutic response was assessed by CT, MRI or both, with and without 
contrast, 6–8 weeks after second cycle and then every 3 months. Responses – 
complete response (CR) partial response (PR) stable disease (SD) and 
progressive disease (PD) – were defined according to WHO criteria. 
 
Results 
After administration of 90Y-DOTATOC no acute reaction was observed in any of the 
treated patients. Cutaneous reactions, allergy and fever also were not observed. 
However, patients frequently experienced vague, difficult-to-locate symptoms such 
as warm sensations, paraesthesia and gastric heaviness, which were always mild. 
Flushing occurred in patients 1 and 7, both of whom were suffering from carcinoid 
syndrome, and plausibly was due to serotonin or histamine release during 
administration. Patient 6, with pancreatic insulinoma, required co-infusion of 5% 
glucose solution, as radiopeptide injection alone provoked mild hypoglycaemia. 
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Amino acid toxicity 
Toxicity associated with amino acid infusion is reported in Table 2. Eleven of the 16 
patients (69%) who received the first amino acid infusion protocol presented grade 
I–II gastrointestinal toxicity (nausea and vomiting) during or soon after infusion of 
the amino acid. Grade I–II gastrointestinal toxicity also occurred in 7/14 patients 
(50%) who received the second amino acid infusion protocol, and in 1/10 patients 
(10%) receiving the third protocol. 
 
Dosimetry 
In the patients who underwent dosimetric analysis the blood clearance and urine 
elimination curves after infusion of renal protective agents did not differ greatly from 
those obtained without amino acid administration, except that a slightly greater 
cumulative activity (up to 10%) was eliminated in the urine in the first 60 h. Figure 
1a shows that blood clearance curves of patients enrolled in groups I, II and III are 
not substantially modified by the renal protectors. The mean residence time of 
111In-DOTATOC in blood was 0.80±0.23 h –corresponding to a mean absorbed 
dose of 0.08±0.02 Gy/GBq to the red marrow. The mean cumulative activity 
excreted in the urine was 80%±15% in the 60 h post injection. In all these patients, 
comparison of the scintigraphic images with and without amino acid infusion 
showed reduced kidney uptake at all times. The time-activity curves for kidneys 
had similar trends but values were lower when amino acids were administered. A 
typical example of the reduction in kidney uptake induced by the amino acids is 
shown in Fig. 1b, obtained for patient no. 16 (group I). The dosimetric results and 
the efficacy in kidney dose reduction of the amino acid infusion observed in the six 
patients studied are summarised in Table 3. The absorbed dose to the kidneys was 
markedly patient dependent, as expected; however, the reduction with amino acid 
administration was always within the 20%–30% range and not significantly different 
among the groups. 
 
Therapeutic toxicity 
Toxicity due to 90Y-DOTATOC was mainly haematological (Table 4). Grade III 
haematological toxicity occurred in three of the seven (43%) patients receiving 5.18 
GBq, which was defined as the MTD/cycle. We tested 5.55 GBq in one patient 
(patient 40), who experienced grade III white blood cell and platelet toxicity. In all 
cases haematological toxicity reversed within 4 weeks. Grade III/IV lymphocyte 
subset toxicity occurred in 31/40 patients (77.5%). In line with previous reports [21], 
there was no correlation between the administered dose and the severity of the 
lymphocytopenia. In all patients lymphocytes returned to pre-treatment levels. 
Permanent renal toxicity has not been observed so far in 3–30 months of follow-up 
(median 19 months); however, transient elevation of serum BUN and creatinine 
occurred in patients 7 and 11. Other forms of toxicity have not been observed. 
The objective responses to 90Y-DOTATOC therapy according to tumour type are 
presented in Table 5. Although this was not the aim of a phase I study, examples of 
good objective responses are shown in Figs. 2 and 3. Figure 2 shows OctreoScan 
and CT scans at the level of the liver of patient 6, a 38-year-old woman with liver 
metastases from a pancreatic insulinoma. Pre-therapy OctreoScan revealed good 
uptake in the liver lesions. After two cycles of 90Y-DOTATOC without major toxicity, 
an impressive response was observed by CT. This was accompanied by a 
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considerable reduction in insulin levels with consequent improvement in symptoms, 
including fewer hypoglycaemic crises and loss of excess weight. Figure 3 shows 
whole-body OctreoScan in patient 27, a 54-year-old man with bone and lymph 
node metastases from an ileal carcinoid. There was massive uptake by the bone 
and nodes pre-therapy, which had almost disappeared in the post-therapy scans. 
 
Discussion 
The results of this phase I study indicate that 90Y-DOTATOC is safe when 
administered at activities of up to 5.18 GBq per cycle. The main toxicity was 
haematological and this reversed in all cases. We recommend administering a 
maximum of 5 GBq per cycle. Anything higher than 5.18 GBq/cycle would probably 
not be advisable because of the high acute dose that would hit the kidneys and 
possibly jeopardise their functionality. Moreover, the presence of 1%–2% free 
yttrium in the preparation (3.24 Gy/GBq), together with 90Y-DOTATOC itself (0.05–
0.11 Gy/GBq), could give a radiation dose to the marrow (even up to 1 Gy) that 
might result in severe haematological toxicity in single and particularly repeated 
administrations. Haematological toxicity may therefore be a limiting factor for this 
therapy in patients with reduced bone marrow reserve (i.e. those who have 
undergone myelotoxic chemotherapy or radiotherapy to bone). The present series 
included several patients who had received extensive chemotherapy, radiotherapy 
or both, and was also heterogeneous in terms of diagnosis, and included patients 
whose cancers were not of purely neuroendocrine origin. It might be possible to 
further increase the single cycle activity by 10%–20% in patients with intense 
radiopeptide uptake to the tumour. In such cases the quantity of radioactivity 
circulating in blood would be lowered. However, controlled phase II studies are 
required to confirm this. Furthermore, untoward pharmacological effects arising 
from the peptide itself might become important if the activity were increased above 
5.2 GBq, as this would imply octreotide doses of above 150 µg. Transient toxicity 
for lymphocyte subsets was observed in this and other studies [22] and is probably 
mediated by receptors on homing and circulating cells. The grade I–II 
gastrointestinal toxicity observed during therapy was almost certainly due to the 
amino acid infusion, which probably provoked metabolic acidosis. Arginine seemed 
mainly responsible for this. However, similar renal protection was afforded by the 
administration of lysine alone in the third renal protection protocol, and this was 
associated with decreased incidence of gastrointestinal toxicity compared with the 
first two protocols. In any case, follow-up data supported our assumptions, since 
none of the patients reported serious renal damage, such as occurred with other 
schemes and higher administered activities [23-25]. We observed mild increases in 
serum creatinine and BUN during follow-up in two patients, which eventually 
returned to normal. Acute nephritis syndrome, likely to develop 6–12 months after 
irradiation, did not occur in any patient in the present series. Chronic radiation 
nephropathy, which may develop at about 18 months after treatment, has not been 
observed so far. It is possible that renal damage as a result of the treatment may 
become manifest 4 or 5 years later, and this is the main concern following repeated 
administrations. The concomitant administration of amino acid solutions, which 
inhibit peptide tubular reabsorption and interstitial retention after glomerular 
filtration [26,27], lowered the dose to the kidneys so that the maximum cumulative 
administrable activity was not reached in our series. The maximum permissible 
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absorbed dose to the kidney seems to be ~25 Gy [28], corresponding, on average, 
to a maximum cumulative administrable activity of about 7.4 GBq without renal 
protection. The maximum cumulative administrable activity should be set in the 
range 10–14 GBq with the renal protection used in our series. However, the 
maximum cumulative injectable activity varies markedly from patient to patient in 
relation to large inter-patient differences in biodistribution and uptake. Thus, as 
noted, high tumour uptake may imply reduced renal filtration of the radiopeptide 
and reduced kidney irradiation. Furthermore, the radiation dose that can be 
delivered safely to the kidneys may be higher than the 25-Gy limit derived from 
experience with external beam radiotherapy, owing to differences in the dose rate 
and penetration range of the radiation. Time-activity curves in kidneys can be well 
represented by a bi-exponential trend, with high uptake values in the first few hours 
typically decreasing within 3–4 h to reach the second part of the curve, 
characterised by a low gradient (Fig. 1b). Consequently, the dose rate decreases 
during time, with values dependent on the kidney uptake in patients. An even 
greater reduction in kidney dose is likely to be attained with new protective drugs 
currently under investigation that will allow higher activity to be injected, probably 
up to the level at which bone marrow is the only dose-limiting organ. 111In-
DOTATOC is probably not able to accurately predict the dosimetry of 90Y-
DOTATOC. However, 111In compounds are used by many authors for dosimetric 
purposes owing to the easy availability and chemical similarity with 90Y compounds. 
As opposed to absolute dosimetry calculation, we assessed the intra-patient 
variation in biodistribution and dosimetry due to the amino acid infusion. In this 
case, the use of 111In-DOTATOC in two separate dosimetric studies is, in our 
opinion, acceptable. In fact, the use of the more ideal isotope 86Y is not simple: the 
required PET scanner is not currently available in every nuclear medicine 
department, and a sufficient number of time-consuming acquisitions have to be 
accommodated within the quite short half-life of the isotope. This is certainly a 
limiting factor for evaluations with 86Y-DOTATOC, as the trend of the delayed part 
of the time-activity curves is known to be of paramount importance for kidney 
dosimetry. Data on symptomatic control of the disease, although collected, were 
not included on purpose, as this was a phase I study performed with the aim of 
determining the maximum injectable activity of 90Y-DOTATOC per cycle in patients 
with different kinds of solid tumour. It was noted, however, that a considerable 
number of the patients reported a general improvement in performance status and 
a feeling of well-being during the weeks following the therapy. While some 
objective responses occurred, disease stabilisation was the usual result. We did 
not analyse responses according to tumour type, given the small numbers of each; 
however, gastroenteropancreatic tumours responded more frequently. There also 
tended to be a better response in patients with high uptake of OctreoScan or 111In-
DOTATOC. 
 
Conclusion 
90Y-DOTATOC was proven to be safe in patients up to a maximum administered 
activity of 5.18 GBq/cycle, which is therefore the MTD/cycle. Kidney toxicity 
remains the major concern in repeated administrations, given that the maximum 
renal external radiation dose is about 25 Gy. The amino acid infusion protocols 
used in this study afforded renal protection such that the maximum cumulative 
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injectable activity is probably in the range of 10–14 GBq. We recommend infusion 
of lysine plus arginine prior to therapy, and of lysine after therapy. New renal 
protective drugs under investigation may allow the aforementioned limit to be 
increased. In any event the administration protocol requires further fine tuning. In 
particular, the optimal gap between cycles has not been established and it is 
unclear whether a few high-activity cycles or more low-activity cycles give the best 
result. Controlled phase II studies will clarify these issues and quantify objective 
responses in individual disease types. 
 
Acknowledgements.  
This work was supported by grants from the Italian Association for Cancer 
Research (AIRC), Consiglio Nazionale delle Ricerche (CNR-MIUR) PS Oncologia 
and the Swiss National Science Foundation (31–52969.97). The authors wish to 
thank Eleonora Del Fabbro for editing the manuscript. 
 
References 
1. Hoyer D, Bell GI, Berelowitz M, et al. Classification and nomenclature of somatostatin 

receptors. Trends Pharmacol Sci 1995; 16:86–88. 
2. Patel YC, Greenwood MT, Panetta R, et al. The somatostatin receptor family. Life Sci 

1995; 57:1249–1265.  
3. Reisine T, Bell GI: Molecular biology of somatostatin receptors. Endocr Rev 1995; 

16:427–442. 
4. Lamberts SW, Oosterom R, Neufeld M, et al. The somatostatin analog SMS 201-995 

induces long-acting inhibition of growth hormone secretion without rebound 
hypersecretion in acromegalic patients. J Clin Endocrinol Metab 1985; 60:1161–1165. 

5. Plewe G, Beyer J, Krause U, et al. Long-acting and selective suppression of growth 
hormone secretion by somatostatin analogue SMS 201-995 in acromegaly. Lancet 1984; 
2:782–784. 

6. Lamberts SW. Non-pituitary actions of somatostatin. A review on the therapeutic role of 
SMS 201-995 (sandostatin). Acta Endocrinol Suppl (Copenh) 1986; 276:41–55. 

7. Bakker WH, Albert R, Bruns C, et al. [111In-DTPA-D-Phe1]-octreotide, a potential 
radiopharmaceutical for imaging of somatostatin receptor-positive tumors: synthesis, 
radiolabeling and in vitro validation. Life Sci 1991; 49:1583–1591. 

8. Krenning EP, Bakker WH, Kooij PP, et al. Somatostatin receptor scintigraphy with indium-
111-DTPA-D-Phe-1-octreotide in man: metabolism, dosimetry and comparison with 
iodine-123-Tyr-3-octreotide. J Nucl Med 1992; 33:652–658. 

9. Krenning EP, Kwekkeboom DJ, Bakker WH, et al. Somatostatin receptor scintigraphy with 
[111In-DTPA-D-Phe1]- and [123I-Tyr3]-octreotide: the Rotterdam experience with more than 
1000 patients. Eur J Nucl Med 1993; 20:716–731. 

10. Duncan JR, Stephenson MT, Wu HP, et al. Indium-111-diethylenetriaminepentaacetic 
acid-octreotide is delivered in vivo to pancreatic, tumor cell, renal, and hepatocyte 
lysosomes. Cancer Res 1997; 57:659–671. 

11. McCarthy KE, Woltering EA, Anthony LB. In situ radiotherapy with 111In-pentetreotide. 
State of the art and perspectives. Q J Nucl Med 2000; 44:88–95. 

12. Otte A, Herrmann R, Heppeler A, et al. Yttrium-90 DOTATOC: first clinical results. Eur J 
Nucl Med 1999; 26:1439–1447. 

13. Smith CM, Liu J, Chen T, et al. Octreo-Ther: ongoing early clinical development of a 
somatostatin-receptor-targeted radionuclide antineoplastic therapy. Digestion 2000; 62 
(Suppl 1):69–72. 

14. Cybulla M, Weiner SM, Otte A. End stage renal disease after treatment with 90Y-
DOTATOC. Eur J Nucl Med 2001; 28: 1552–1554. 



 79 

15. Paganelli G, Zoboli S, Cremonesi M, et al. Receptor-mediated radiotherapy with 90Y-
DOTA-D-Phe1-Tyr3-octreotide. Eur J Nucl Med 2001; 28:426–434. 

16. Heppeler A, Froidevaux S, Maecke HR, et al. Radiometal-labelled macrocyclic chelator-
derivatised somatostatin analogue with superb tumour-targeting properties and potential 
for receptor-mediated internal radiotherapy. Chem Eur 1999; 7:1974–1981. 

17. Stabin MG. MIRDOSE: personal computer software for internal dose assessment in 
nuclear medicine. J Nucl Med 1996;37:538–546. 

18. Cremonesi M, Ferrari M, Zoboli S, et al. Biokinetics and dosimetry in patients 
administered with 111In-DOTA-Tyr3-octreotide: implications for internal radiotherapy 
with 90Y-DOTATOC. Eur J Nucl Med 1999; 26:877–886. 

19. Miller AB, Hoogstraten B, Staquet M, et al. Reporting results of cancer treatment. 
Cancer 1981; 47:207–214. 

20. Perico ME, Chinol M, Nacca A, et al. The humoral immune response to macrocyclic 
agent DOTA depends on the carrier presentation. J Nucl Med 2001; 42:1697–1703. 

21. Waldherr C, Pless M, Maecke HR, Haldemann A, Mueller-Brand J. The clinical value of 
[90Y-DOTA]-D-Phe1-Tyr3-octreotide (90Y-DOTATOC) in the treatment of neuroendocrine 
tumours: a clinical phase II study. Ann Oncol 2001; 12:941–945. 

22. Ferone D, van Hagen PM, Kwekkeboom DJ, et al. Somatostatin receptor subtypes in 
human thymoma and inhibition of cell proliferation by octreotide in vitro. J Clin Endocrinol 
Metab 2000; 85:1719–1726. 

23. Tilmann S, Waldherr C, Mueller-Brand J, Maecke H. Kidney failure after treatment with 
90Y-DOTATOC. Eur J Nucl Med Mol Imaging 2002; 29:435. 

24. Moll S, Nickeleit V, Mueller-Brand J, Brunner FP, Maecke HR, Mihatsch MJ. A new 
cause of renal thrombotic microangiopathy: yttrium 90-DOTATOC internal radiotherapy. 
Am J Kidney Dis 2001; 37:847–851. 

25. Otte A, Weiner SM, Cybulla M. Is radiation nephropathy caused by yttrium-90? Lancet 
2002; 359: 979. 

26. Bernard BF, Krenning EP, Breeman WA, Rolleman EJ, Bakker WH, Visser TJ, Maecke 
H, de Jong M. D-Lysine reduction of indium-111 octreotide and yttrium-90 octreotide 
renal uptake. J Nucl Med 1997; 38:1929–1933. 

27. Behr TM, Goldenberg DM, Becker W. Reducing the renal uptake of radiolabeled 
antibody fragments and peptides for diagnosis and therapy: present status, future 
prospects and limitations.Eur J Nucl Med 1998; 25:201–212. 

28. Cassady JR: Clinical radiation nephropathy. Int J Radiat Oncol Biol Phys 1995; 
31:1249–1256. 

 



 80 

Table 1. Characteristics of the 40 cancer patients recruited to phase I 90Y-DOTATOC study 

MTC, Medullary thyroid carcinoma; PDTC, poorly differentiated thyroid carcinoma of 
follicular epithelium; NET, neuroendocrine tumour; UO, unknown origin; ODG, 
oligodendroglioma; S, surgery; CH, chemotherapy; SS, somatostatin; RIT, 
radioimmunotherapy; TACE, trans-arterial chemoembolisation; EBRT, external beam 
radiotherapy; IFN, alpha-interferon  
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Table 2. Amino acid administration protocols in 3 different groups of pts: dosage and side-effects 

Table 3. Intra-patient comparative dosimetric study after  90Y-DOTATOC. Each pt underwent 
2 dosimetric estimates with and without amino acid infusion using 111In-DOTATOC.  
Significant reduction was noted mainly in the kidneys and spleen 
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Fig. 1. A Blood clearance of patients 4, 22 and 38 (enrolled in protocols I, II and III, 
respectively, as reported in Table 2), comparing the basal and amino acid associated 
curves after the  administration of 111In-DOTATOC. B Example of time-activity curves 
comparing the basal (continuous line) and post amino acid (dotted line) renal uptake. A 
similar trend with lower uptake is evident in kidneys after amino acid infusion. A 21% 
dose reduction was obtained in this patient (no. 16), who underwent kidney protection 
according to protocol I (see Materials and methods for details) 
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Fig. 2A–C. Liver metastases from pancreatic insulinoma before and after 
90Y-DOTATOC therapy. A OctreoScan prior to treatment superimposed 
(red spot) on CT. B CT prior to treatment. C CT 8 months after treatment: a 
remarkable reduction in liver lesions is evident 
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Table 4. 90Y-DOTATOC toxicity in relation to activity administered 

WBC, White blood cells; LC, lymphocytes; Hb, haemoglobin; PLT, platelets; 
NA, not assessed  
a The values given are those calculated; they are accurate to ±10%, in line with 
ICRP 60 regulations on the preparation of radioactive reagents 
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Fig. 3A, B. Bone and lymph node metastases from ileal carcinoid before and after                 
90Y-DOTATOC therapy. A OctreoScan at recruitment. Black arrows indicate bony 
lesions. 
The open arrow indicates lymph nodes. B Octreo-Scan 9 months after the second 
cycle: there is no more evidence of pathological uptake 
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 Table 5. Responses to 90Y-DOTATOC in the 40 patients, grouped by cancer type 

UO, Unknown origin; ODG, oligodendroglioma; MTC, Medullary thyroid  carcinoma; 
PDTC, poorly differentiated thyroid carcinoma of follicular epithelium; NET, 
neuroendocrine tumour; SD, stable disease; PD, progressive disease; PR, partial 
remission; CR, complete remission; NE, not evaluable; a Died; b Lost to follow-up 
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Abstract 
Metastatic medullary thyroid cancer (MTC) shows a progressive course. Surgery is 
the only curative treatment. In advanced disease, chemo- and radiotherapy show 
poor results. Newly developed somatostatin analogue [DOTA0,Tyr3]octreotide 
(DOTATOC) labeled to 90Y is administered in patients with endocrine tumors 
expressing somatostatin receptors, like MTC. Preliminary studies demonstrated 
that 90Y-DOTATOC could be safely administered, resulting in objective responses 
in 27% of patients. Aims: To evaluate the efficacy of 90Y-DOTATOC therapy in 
metastatic MTC patients with positive OctreoScan, progressing after conventional 
treatments. Twenty-one patients were retrospectively evaluated after therapy, 
receiving 7.5–19.2 GBq in 2–8 cycles. Results: Two patients (10%) obtained a 
complete response (CR), as evaluated by CT, MRI and/or ultrasound, while a 
stabilization of disease (SD) was observed in 12 patients (57%); seven patients 
(33%) did not respond to therapy. The duration of the response ranged between 3–
40 months. Using biochemical parameters (calcitonin and CEA), a complete 
response was observed in one patient (5%), while partial response in five patients 
(24%) and stabilization in three patients (14%). Twelve patients had progression 
(57%). Complete responses were observed in patients with lower tumor burden 
and calcitonin values at the time of the enrollment. Conclusions: This retrospective 
analysis is consistent with the literature, regarding a low response rate in medullary 
thyroid cancers treated with 90Y-DOTATOC. Patients with smaller tumors and 
higher uptake of the radiopeptide tended to respond better. Studies with 90Y-
DOTATOC administered in earlier phases of the disease will help to evaluate the 
ability of this treatment to enhance survival. New more specific peptides and new 
radionuclides will also represent the key of a better treatment of MTC. 
 
Introduction 
Medullary thyroid carcinoma is a rare neuroendocrine tumor arising from 
parafollicular C cells of the thyroid. Such C cells embriologically originate from the 
neural crest, therefore medullary thyroid carcinoma is able to secrete calcitonin, 
CEA and a number of proteins and peptides in-cluding neuron-specific enolase, 
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chromogranin, gastrin-releasing peptide, and somatostatin. About 80% of cases 
are sporadic, while the rest are in three familial forms: multiple endocrine neoplasia 
Type 2A (MEN 2A), multiple endocrine neoplasia Type 2B (MEN 2B), and familial 
medullary thyroid carcinoma not associated with MEN (FMTC). The clinical course 
is variable, from indolent to particularly aggressive forms, and is related to the 
stage of disease at the time of diagnosis. Symptoms are usually related to local 
invasion and to hormonal hypersecretion. Survival rates are clearly worse than for 
patients with differentiated thyroid cancer. Survival at 10 years is 95% for patients 
with tumors limited to the thyroid, while it drops to 55%–70% in patients with 
persistent or recurrent disease [1–4]. Distant metastases are the main cause of 
death. So far, surgery is the only established curative treatment. Total 
thyroidectomy and complete cervical lymph node dissection are associated with a 
lower incidence of recurrences and better survival [5]. Medullary thyroid cancer 
remains a challenge for multimodality therapy. In metastatic advanced disease, any 
standard therapeutic approach, namely radiotherapy, chemotherapy, or biological 
therapy, show limited results [6]. In vitro data has demonstrated that medullary 
thyroid carcinoma cells not only produce somatostatin, but also express 
corresponding receptors on their membranes [7,8]. In a immunohistochemistry 
study of the distribution of the five somatostatin receptors subtypes (sst1–5) in 
medullary thyroid cancer specimens, a heterogeneous expression of somatostatin 
receptor subtypes was detected, with an expression of octreotide sensitive types 
(sst2, sst3, and sst5) in 75% of cases [9]. However, probably because of the low 
density of expression of sst2, only about 50–70% of medullary thyroid cancer can 
be visualized by scintigraphy with radiolabeled octreotide [7,10]. Newly developed 
somatostatin analog [DOTA0,Tyr3]octreotide (DOTATOC), labeled with Yttrium-90, 
is presently used in therapy trials in patients affected by endocrine tumors 
expressing sst2 receptors [11–13]. In our previous Phase I-II studies, we 
determined that 90Y-DOTATOC possesses favorable pharmacokinetic and 
dosimetric parameters [14], and can be safely administered up to 5.18 GBq per 
cycle (MTD) [15,16]. In a following study, 111 patients affected by sst2 positive 
tumors were treated with cumulative activity >7.4 GBq: 27% objective therapeutic 
responses. and 49% disease stabilization were observed [11]. We continued 
treating patients with a cumulative activity of 7.4 GBq, which is suitable to induce 
an objective response [12], thus reaching a total number of 141 patients (including 
a subgroup of 21 medullary thyroid carcinomas). The aim of this study was to 
retrospectively evaluate the therapeutic efficacy of receptor radionuclide therapy 
with 90Y-DOTATOC in the subgroup of 21 patients affected by metastatic medullary 
thyroid carcinoma that received a cumulative activity of at least 7.4 GBq. 
 
Patients and methods 
From February 1998 to September 2002, 21 patients (8 females and 13 males, 
ages 31–78 years, median 53) with histologically proven medullary thyroid 
carcinoma and positive OctreoScan scintigraphy were included in the study. All 
patients suffered from non-resectable loco-regional and/or distant metastases after 
total thyroidectomy. Six patients had also received radiotherapy, two were treated 
with chemotherapy, and one with cold somatostatin analogs (Table 1). Patients 
were treated with 90Y-DOTATOC with cumulative activities ranging from 7.5 to 19.2 
GBq, divided in 2–8 cycles, according to clinical requirements. The somatostatin 
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analogue DOTATOC (DOTA: 1,4,7,10-tetra-azacyclododecane-N,N’,N’,N’’’-
tetraacetic acid) was synthesized at the Division of Radiological Chemistry 
University Hospital, Basel according to a described procedure [17]. 90Y chloride 
was purchased from MDS Nordion (Ottawa, Ontario, Canada). DOTATOC was 
radiolabeled according to a previously published procedure [11]. Prior to initiation 
of therapy, all patients underwent physical examination, routine biochemical profile 
with determination of serum calcitonin and CEA values, and imaging-based (CT, 
MRI, or US) evaluation of the disease. These examinations were repeated 6–8 
weeks after at least two cycles of therapy and then every 3 months. 90Y-DOTATOC 
was injected intravenously over 20 minutes in 100 mL of physiological saline. 
Repeated administrations were performed with at least 6–8-week interval. A typical 
administration consisted in 80 �g of DOTATOC labeled with 2.96 GBq of 90Y. 
According to current concerns for renal protection, all patients received an infusion 
of positively charged amino acids, namely lysine and/or arginine, immediately 
before and after therapy. Response to therapy was defined according to SWOG 
criteria as follows: complete response (CR) as total regression of all known lesions 
for at least 1 month; partial response (PR) as regression of all known lesions by 
more than 50% lasting at least 2 months; stable disease (SD) as no change in 
lesion size; progressive disease (PD) as increase of all known lesions by 25% or 
more. Biochemical response was evaluated by measurement of serum calcitonin 
and CEA. Response was defined as follow: CR: serum marker value below the cut 
off level (calcitonin: 15 pg/mL; CEA: 5 ng/mL); PR: a decrease of 50% or more in 
the basal marker values; PD an increase of 25% or more in the basal marker 
values; SD: when all above were excluded. After discharge, patients underwent the 
following tests: renal and hepatic function, LDH, and uricaemia every 15 days for 
the first 2 months; complete blood count 3 days after therapy and then every 2 
weeks for the first 2 months. Toxicity was evaluated according to World Health 
Organization criteria. Given the small number of patients, we used the binomial 
distribution to calculate confidence intervals for proportions, (indicated in text with 
95% CI), and Fisher’s exact test to assess the potential association between 
factors. 
 
Results 
The treatment was well tolerated and no acute side effect was reported in any of 
the treated patients. 
The median (min, max) number of cycles, in this group of patients, was 4 (2,8) with 
a median cumulative activity of 10.4 GBq (min = 7.5, max = 19.2). Both the 
cumulative activity and the maximum activity per cycle were quite homogeneous in 
this sample and not associated with either objective or biochemical response. The 
routine evaluation of hematological toxicity parameters did not show any significant 
toxicity resulting from 90Y-DOTATOC, except in one patient. In fact, according to 
our previous studies [16], we maintained single cycle activity below the MTD (Table 
2, column 5), with a median value of 3.7 GBq. The patient showing Grade 3 
hematological toxicity on WBC received a relatively low activity per cycle, and had 
no bone metastases or bone marrow invasion, as demonstrated by bone marrow 
biopsy. Permanent renal toxicity has not been observed with 3–40 months of follow 
up. At the time of analysis (April 2003) 15 patients were alive and two were lost 
from follow-up. The clinical benefit (objective response plus stable disease) was 
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67% (95% CI = [43%, 85%]), however morphological complete response was 
documented only in two patients, while no partial response was observed. Seven 
patients (33%, 95% CI = [15%, 57%]) did not respond to the therapy and 
progression continued. The duration of this response (CR plus SD) ranged from 3 
to 40 months. Patient 12, a 56-year-old male affected by latero-cervical and 
mediastinal lymph-node metastases from MTC, showed stabilization of disease by 
CT scan and biochemical complete response, resulted in normalization of 
calcitonin and CEA serum levels for 12 months. Another five patients (24%, 95%CI 
= [8%, 47%]) responded with biochemical partial remission (�50% of initial values), 
while three (14%, 95%CI = [3%, 36%]) showed stabilization in serum markers. 
Twelve patients (57%, 95%CI 5 [34%, 78%]) had biochemical progression. Figure 
1 reports an example of objective response in Patient 5, a male affected by cervical 
lymph node metastases from MTC and treated with 8.92 GBq of 90Y-DOTATOC. 
 
Discussion 
In patients with metastatic medullary thyroid cancer no effective treatment has 
been found, except for surgery, when feasible. Various chemotherapy regimens 
have been tested. All studies have been performed in small cohorts of patients and 
report limited results. The most active molecule is adriamicin, with maximum partial 
remission in 1 of 4 patients in single regimen and in 3 of 8 patients in combination 
schemes.6 Nevertheless, cardio- and myelotoxicity limits the patients’ quality of life. 
Previous Phase I radioimmunotherapy studies with high-dose 131I-MN-14 F(ab)2 
anti-CEA monoclonal antibody, combined with autologous hematopoietic stem cell 
rescue (AHSCR,) in 12 patients with rapidly progressing metastatic medullary 
thyroid cancer, yielded promising results (one partial response, one minor 
response and 10 stabilizations) [18]. Other kinds of targeted radiotherapy, such as 
131I-MIBG (131I-metaiodobenzylguanidine) have also been studied in medullary 
thyroid carcinoma. Results obtained with 131I-MIBG have been modest: only 
approximately 35% of medullary thyroid carcinomas show sufficient 131I-MIBG 
uptake to be considered for therapy [19,20]. In patients with suitable 131I-MIBG 
uptake, palliation was frequently achieved. Objective responses were recorded in 6 
of 18 patients [21]. The expression of somatostatin receptors in medullary thyroid 
cancer cells offers a treatment. Octreotide, administered in short or long term 
fashion in symptomatic patients, results in improvement of neuroendocrine 
symptoms, especially diarrhea and flushing [22], however reports of objective 
tumor responses are only sporadic. Since a combination of human recombinant �-
interferon and octreotide increased the response rate in metastatic neuroendocrine 
tumors of the gastro-entero-pancreatic area, the same combination was tested in 
medullary thyroid cancer. No objective responses were demonstrated with this 
combination regimen and only symptomatic benefit was achieved in some patients 
[23,24], Still, somatostatin receptors can be exploited for receptor radionuclide 
therapy with 90Y-DOTATOC. The rational basis of this therapy relies on the 
receptor-mediated internalization of a radiolabeled octreotide analog that carries 
the beta-energy of Ytttrium-90 inside the tumor cell. For 5 years, phase I–II studies 
with 90Y-DOTATOC have been performed in patients affected by tumors 
expressing sst2. The results are encouraging. Objective response rate ranges from 
19 to 27% [15,11–13]. Although presently all sst2-expressing tumors are 
considered to be suitable for radiolabeled octreotide therapy, the evaluation of the 
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first trials performed in wide populations of tumors suggest that response rate 
differs with different histotypes. The best responses seem to be obtainable in 
gastro-entero-pancreatic neuroendocrine tumors, and particularly in pancreatic 
ones [13]. This presumptions is in part confirmed in this report, where 90Y-
DOTATOC therapy of advanced medullary thyroid cancer resulted only in 10% 
objective response rate (2/21 patients, CR only). On the other hand, since all the 
patients had progression at enrolment, a clinical benefit can be described in 67% of 
patients (objective responses plus stable disease). Patients with smaller tumors 
and higher uptake of the radiopeptide tended to respond better. Biochemical 
responses were more frequently encountered than morphological ones (28.6% of 
cases). Six of the 14 (43%) patients who had morphological response had also a 
biochemical one. The reduction in calcitonin values is of particular interest in 
clinical setting, since it represents an index of functional activity of the disease and 
it may follow the course of patient’s symptoms. Our results are consistent with the 
experience reported by Waldherr [25]. In their study of 20 patients with advanced 
thyroid cancer, 12 of which had medullary thyroid cancer, only stable responses 
were observed. Phase II studies on larger cohorts are needed to better assess the 
efficacy of 90Y-DOTATOC therapy in medullary thyroid carcinoma. Analyzing the 
characteristics of response and the difference in the efficacy of 90Y-DOTATOC in 
neuroendocrine tumors and medullary thyroid carcinoma, the radiosensitivity must 
be taken into account. Medullary thyroid carcinoma probably has a radiosensitivity 
that falls between that of differentiated and anaplastic thyroid carcinoma. In a 
series of 29 patients with gross residual disease from medullary thyroid carcinoma 
after surgery, local control was achieved in 4 of 21 patients treated with external 
radiotherapy [4]. Similarly, Fife [26] reported a 24% survival at 5 years in patients 
with gross residual disease and a complete response in 30% of patients after 
external radiotherapy. Resulting from our previous dosimetric studies, tumor 
lesions received variable absorbed doses, mainly lower than requested to induce 
an objective response (at least 60–70 Gy), especially in cases of moderate uptake 
of the radiotracer. In fact, sst2 receptor expression in medullary thyroid cancer is 
generally not very high. It is possible, therefore, that the maximum cumulative 
activity, administrable without exceeding the renal threshold dose for toxicity, is not 
sufficient to deliver a curative absorbed dose to the tumor. Finally the receptor 
status must be taken into account. Medullary thyroid carcinoma cells express a 
number of receptors. Probably sst2 receptor is not the optimal target to deliver 
radiation doses to the tumor. CCK receptors and bombesin receptors are 
extensively expressed in medullary thyroid carcinoma and new radiolabeled 
analogs directed towards these receptors will probably represent another way to 
treat such cancer [27]. Furthermore, the potential for treatment of newly introduced 
beta-emitter Lutetium-177, that seems more effective in small sized lesions [12], 
must be evaluated. In conclusion, 90Y-DOTATOC in metastatic medullary thyroid 
carcinoma is a safe treatment, able to induce mainly stabilization of disease, and 
objective responses in some patients with very small residual disease and 
calcitonin values. Based on this experience we would propose 90Y-DOTATOC in 
earlier phases of the disease to assess the exact potential of 90Y-DOTATOC 
therapy to extend the time to progression and overall survival in medullary thyroid 
carcinoma. 
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Table 2. Characteristics of Treatment and Response 
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A 

B 

Figure 1. An example of objective response in patient #5 affected by cervical 
metastases  from MTC. (A) OctreoScan, anterior and posterior whole-body 
sections, before (a:  November 1999) and after (b: November 2001) 90Y-
DOTATOC. (B) Calcitonin course 90Y-DOTATOC therapy. Arrows represent 
calcitonin assay before each cycle of 90Y- DOTATOC. 
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Abstract 
Somatostatin receptors are over-expressed in many tumours, mainly of 
neuroendocrine origin, thus enabling treatment with somatostatin analogues. 
Almost a decade of clinical experience of receptor radionuclide therapy with the 
analogue 90Y-[DOTA]0-Tyr3-octreotide [90Y-DOTATOC] has now been obtained at a 
few centres of excellence. This review reports on the present state of the art of 
receptor radionuclide therapy and discusses new perspectives. 
 
Introduction 
Somatostatin was first isolated in the early 1970s from sheep hypothalamus as a 
factor inhibiting the secretion of pituitary growth hormone and thyrotropin [1]. 
Somatostatin was subsequently found to be virtually ubiquitous in the body, 
occurring throughout the central and peripheral nervous system, the gut and the 
endocrine glands, where it exerts inhibitory effects on various hormonal systems 
and physiological functions. Somatostatin acts through seven transmembrane 
domain G proteincoupled receptors, five subtypes of which (sst1–5) have been 
identified and cloned [2]. All somatostatin receptor (SSR) subtypes bind native 
somatostatin (both 14-amino acid and 28-amino acid isoforms) with high affinity. 
The clinical use of somatostatin suffers from a major drawback in that it has an 
extremely short plasma half-life (about 2 min). Therefore, much effort in chemical 
research was devoted to identification of an analogue suitable for clinical use, with 
the result that, at the beginning of the 1980s, the octapeptide analogue octreotide 
was synthesised. The analogues approved for clinical use (e.g. octreotide and 
lanreotide) and currently available are mainly sst2-preferring agents, and therefore 
show high affinity for the sst2 receptor, with moderately high affinity for sst5 and 
intermediate affinity for sst3 [3]. SSRs are typically over-expressed in many 
tumours of various origins, with subtype specificity for each histological type [4]. 
Endocrine tumours, breast tumours, lung tumours and lymphomas often bear sst2 
receptors, which enable the treatment of tumour hypersecretion and of primary and 
metastatic lesion growth by octreotide or lanreotide, owing to post-receptor 
signalling, triggered by the receptor–ligand internalisation [5]. To date, the main 
clinical use of octreotide or lanreotide has been for the symptomatic control of 
hypersecretory syndromes. Nevertheless, it has been used in various trials with the 
aim of testing its antiproliferative efficacy [6]. In an Italian multicentre trial focussing 
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on neuroendocrine tumours of various origin, the use of octreotide (0.5–1 mg t.i.d.) 
yielded symptomatic and biochemical responses in 73% and 77% of patients, 
respectively, with only 3% objective responses in patients with carcinoids [7]. The 
use of high-dose lanreotide (up to 12 mg/day) gave similar biochemical and 
symptomatic responses, as well as similar tumour responses (5%) [8]. As regards 
the medical treatment of solid tumours such as metastatic breast cancer, octreotide 
and vapreotide have proven to be useful in reducing breast growth factors, such as 
IGF-1 and prolactin, though they lack efficacy against the tumour itself [9,10]. The 
same effect is encountered in the medical treatment of advanced small-cell lung 
cancer, where both octreotide and lanreotide failed to show any anti-tumour effect 
[11,12]. In most of the other solid tumours, the antiproliferative effect of 
somatostatin analogues has been found to be virtually negligible, while growth 
factor inhibition has frequently been registered [13–15]. Once octreotide had been 
radiolabelled for diagnostic imaging in order to localise tumour lesions over-
expressing SSRs [16], the next logical step was to develop radiopeptide therapy. 
The theoretical basis of such therapy is principally the delivery of radioactivity 
within the tumour cell owing to the internalisation of the SSR and radiolabelled 
analogue complex. The first attempts to perform receptor radionuclide therapy with 
radiolabelled octreotide were made in the 1990s in a multicentre trial using high 
activities of the molecule already used in diagnostic imaging, 111In-[DTPA]0-D-Phe1-
octreotide or 111In-pentetreotide. The results obtained to date, in terms of clinical 
benefit and overall responses, are ascribable to the Auger and conversion 
electrons emitted by 111In decaying in close proximity to the cell nucleus, once the 
peptide/receptor complex has been internalised. Partial remissions, however, have 
been observed only exceptionally [17]. Higher-energy and longer-range emitters 
such as the pure beta emitter 90Y (Emax 2.27 MeV, Rmax 11 mm) seem more 
suitable for therapeutic purposes. Therefore a new analogue, Tyr3-octreotide, with 
a similar pattern of affinity for SSRs, was developed for its high hydrophilicity, 
simple labelling with 111In and 90Y, and tight binding to the bifunctional chelator 
DOTA (1,4,7,10-tetra-azacyclododecane-N,N�,N��,N���-tetra-acetic acid) [18]. To 
date, experiences with 90Y-[DOTA]0-Tyr3-octreotide (90Y-DOTATOC) in large series 
of patients have been obtained at Rotterdam, Louvain University, Basel University 
and the European Institute of Oncology in Milan. This paper reports on the state of 
the art of receptor radionuclide therapy, as regards safety, efficacy and new 
perspectives. 
 
Safety 
The first publication on pharmacokinetics and dosimetry was reported in 1999 by 
Cremonesi et al. in 18 patients, using 111In-DOTATOC to predict the in vivo 
behaviour of its yttrium-labelled counterpart [19]. Due to fast blood clearance (<1% 
injected activity in the blood at 10 h p.i.) and rapid urinary elimination (52%±12% 
injected activity at 4 h p.i. and >70% at 24 h p.i.), therapy with 90YDOTATOC 
delivered short-term total body irradiation. The in vivo stability of the 90Y-DOTATOC 
molecule, assessed in both urine and plasma, appeared to be high, and no 
degradation product was found in blood. Biodistribution studies indicated that the 
highest predicted absorbed doses were to the spleen (7.6±6.3 mGy/MBq), the 
kidneys (3.3±2.2 mGy/MBq) and the tumour (1.4–31 mGy/MBq, mean 10). When 
the aforementioned study series was enlarged to 30 patients, a slightly higher 



 99 

value was observed for the kidney dose (3.9±1.9 mGy/MBq) [20]. 111In-DOTATOC 
has been used as a surrogate for 90Y-DOTATOC on the basis of the hypothesis 
that their in vivo behaviour is similar, especially with regard to renal uptake, which 
appears mostly aspecific. As it is desirable to have the same label on the peptide 
(moreover, a positron-emitting label), the group at the University of Louvain 
performed an extensive dosimetric study using the positron emitter 86Y-DOTATOC 
in 24 patients [21]. This study, published in 2003, showed that the pharmacokinetic 
parameters (~5% injected activity in plasma at 5 h p.i. and <1% after 24 h) and the 
kidney dose (4.4±1.0 mGy/MBq, in four patients) were similar to those calculated 
with 111In-DOTATOC (3.9±1.9 Gy/GBq). The mean estimated tumour dose for 90Y 
was highly variable (1.5–177.1 Gy delivered by the maximum allowable dose). 
Since no spleen toxicity has ever been found after the therapy, it was clear from 
the beginning that the kidneys are the critical organs, owing to the renal interstitial 
irradiation derived from tubular peptide re-absorption. The cumulative absorbed 
dose to the kidneys may cause renal damage above the conventional threshold 
dose of 23–25 Gy [according to the National Council on Radiation Protection and 
Measurements (NCRPM) a dose of 23 Gy to the kidneys causes detrimental 
deterministic effects in 1–5% of patients) [22]. Even if the predicted absorbed dose 
to the kidney is much lower than this threshold, another target organ, the bone 
marrow, needs to be considered in single-cycle and repeated administrations. 
Since, in our opinion, the kidney must be considered the dose-limiting organ in 
receptor radionuclide therapy with 90Y-DOTATOC [23], researchers investigating 
the use of 90Y-DOTATOC to treat SSR-positive tumours may be seen as trying to 
steer a middle course between the anti-tumour response and irreversible kidney 
toxicity, in a manner similar to navigating between the ancient sea monsters of 
Scylla and Charybdis [24]. This standpoint has, however, been criticised as 
excessively cautious and conservative [25]. Since the 23–25 Gy limit was derived 
from external radiotherapy, doubts were raised about the real threshold dose for 
kidney toxicity with internal emitters: it was suggested that this might be higher due 
to the different kinetics of irradiation exposure, which typically decreases with time. 
There is still much to learn about renal toxicity and its avoidance. Nevertheless, 
caution is justified by the necessity to avoid renal failure, as reported in the 
literature. Given the high kidney uptake of 90Y-DOTATOC and the radiosensitivity 
of the renal parenchyma, appropriate methods of reducing kidney uptake appear 
fully justified in order to avoid acute or delayed renal toxicity. Sporadic cases of 
delayed renal failure have indeed been observed, especially in patients who have 
received >7.4 GBq/m2 [26,27]. Positively charged amino acids, e.g. L-lysine and/or 
L-arginine, have been demonstrated to competitively inhibit the proximal tubular re-
absorption of the radiopeptide, resulting in a potential reduction in the renal dose. 
Different regimens of amino acid co-infusion have been used by various groups, 
with a 27% mean reduction in the renal absorbed dose (range 9–53%) and no 
effect on tumour uptake [28]. Therefore, the use of amino acids allows higher 
activities to be administered with the consequence that higher absorbed doses are 
achieved to the tumour. Side-effects such as nausea (and rarely vomiting), due to 
metabolic acidosis induced by the amino acid co-administration, do, however, 
occur in the majority of patients [29]. In a group of 26 patients, Rolleman et al. 
investigated the inhibition of renal radioactivity 24 h after the injection of 111In-
pentetreotide using various amino acid solutions infused over a 4-h period, starting 



 100 

30 min before radiopeptide administration. A commercially available mixed amino 
acid solution induced a 21%±14% reduction in renal dose in six patients, and 25 g 
(five patients), 50 g (seven patients) and 75 g (seven patients) lysine solutions 
induced, respectively, 17%±9%, 15%±13% and 44%±11% reductions; finally, a 
combination of 25 g lysine plus 25 g arginine (nine patients) was able to induce a 
33%±23% renal dose reduction. Fluid infusion alone (500, 1,000 or 2,000 ml of 
saline/glucose) did not change renal uptake of radioactivity. In patients studied with 
75 g lysine or the combination of lysine and arginine, serum potassium levels rose 
significantly [30]. Bodei et al. studied 40 patients receiving two cycles of 90Y-
DOTATOC and lysine ± arginine infusion immediately before and after therapy. 
Three protocols were used to achieve renal protection with amino acids: 20 g lysine 
in 1,000 ml + 40 g arginine in 1,000 ml over 3–4 h before therapy; 10 g lysine in 
500 ml + 20 g arginine in 500 ml over 1–2 h before therapy plus 10 g lysine in 500 
ml over 2–3 h after therapy; and 10 g lysine in 500 ml over 1 h before therapy and 
15 g lysine in 750 ml over 2 h after therapy. The reduction in renal dose ranged 
from 18% to 26% in six patients who underwent dosimetric studies with 111In-
DOTATOC. Forty-eight percent developed acute grade I–II gastrointestinal toxicity 
(nausea and vomiting) after amino acid infusion [29]. Jamar et al. tested four 
different amino acid regimens in 24 patients after the injection of 122–370 MBq 
(3.3–10 mCi) 86Y-DOTATOC, all infused starting 30 min before radiopeptide 
administration: 4-h infusion of 120 g mixed amino acids (containing 26.4 g of lysine 
and arginine), 4-h infusion of 50 g lysine, 10-h infusion of 240 g mixed amino acids 
(52.8 g of lysine and arginine) and 4-h infusion of 25 g lysine and 25 g arginine. 
The 4-h mixed amino acid co-infusion reduced renal uptake by a mean of 21% 
(3.3±1.3 vs 4.4±1.0 mGy/MBq). This effect was increased by prolonging the 
infusion to 10 h (2.1±0.4 vs 1.7±0.2 mGy/MBq). Infusion of lysine–arginine but not 
of lysine alone was more effective in reducing renal uptake than mixed amino 
acids. The maximum activity that could be administered in these patients, based on 
the renal threshold dose, was consequently increased by 46% in the mixed amino 
acid group, by 23% in the prolonged infusion group and by 16% in the lysine–
arginine group [21]. These data highlight the importance not only of the amount of 
amino acids to be administered but also of the duration of the infusion. Data 
presented by G. Paganelli at the 2002 IRIST congress seem to emphasise this 
point: prolonging the lysine infusion to 2 days after therapy by delivering two daily 
doses of 10 g, each administered over 4 h, induced a consistent reduction in renal 
uptake (65%) in two pilot cases [20]. With regard to this issue, different 
combinations of lysine, arginine, avidin and dextran were tested by the Milan 
group. Sixteen patients treated with two to eight cycles of 90Y-DOTATOC (4.1–14.0 
GBq cumulative activity) underwent a dosimetry study with and without kidney 
protection. The combination of lysine and arginine (lysine 15 g and arginine 20 g 
before 111In-DOTATOC and 10 g of each afterwards) was frequently associated 
with gastrointestinal toxicity (nausea and vomiting) and resulted in a mean 
reduction of 37% in the kidney dose. The combination of lysine with the positively 
charged molecule of avidin (10 g and 2 mg/kg before 111In-DOTATOC, 
respectively) yielded a reduction in the kidney dose of up to 50%. Nevertheless, 
native avidin was slightly immunogenic, as already reported, and induced an 
allergic reaction (bronchospasm and flushing) in one patient [31]. Therefore, this 
molecule was not further used. On the other hand, the combination of lysinated 
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dextran and lysine (2–8 mg/kg and 10 g before 111In-DOTATOC, respectively) was 
well tolerated and gave the highest protection, with a mean dose reduction of 55%. 
These patients were followed up to evaluate the course of the main toxicity 
parameters, namely renal (creatinine level and glomerular filtration rate, GFR) and 
haematological (haemoglobin level, white blood cell and platelet counts), for a 
period of 6–50 months (Table 1). Based on the dosimetric studies performed in this 
group of patients, the estimated cumulative absorbed dose to the kidneys ranged 
from 6.6 to 47.1 Gy (mean 28.3 Gy). Slight but permanent renal toxicity (as 
indicated by the creatinine level and GFR) was observed in 7/16 (44%) patients 
(maximum WHO grade 2). When renal toxicity was assessed in relation to the 
absorbed dose to the kidneys, it was found that the elevation in the creatinine level 
and the decrease in GFR occurred when more than 25 Gy had been delivered to 
the kidneys  (Fig. 1a) [Paganelli, personal communication]. Renal toxicity is not the 
only parameter to be considered. Although it appears not to be the principal 
doselimiting factor, bone marrow involvement must be taken into account, too. In a 
phase I trial, Otte and co-workers evaluated 29 patients with neuroendocrine 
tumours treated with four or more single doses of 90Y-DOTATOC, at 6-week 
intervals, and a cumulative activity of 6.12±1.35 GBq. Renal protection with amino 
acid solutions was administered in 15 patients, at least in some of the cycles. Of 
the 29 patients, 24 showed mild toxicity. Only five patients presented severe 
(>grade 2) renal toxicity and/or haematological toxicity (platelet grades 2 and 4, 
and haemoglobin grade 3). These patients had received a cumulative activity 
higher than 7.4 GBq/m2 and no renal protection during the therapy [27]. The group 
at the University of Rotterdam evaluated 42 patients with neuroendocrine tumours 
within a phase I protocol sponsored by Novartis Pharmaceuticals. Escalating 
activities of 0.93, 1.85, 2.78 and 3.7 GBq/m2 per cycle were administered in four 
cycles in 31 patients every 6–9 weeks, while the remaining 11 received higher 
amounts (3.7, 4.63 and 5.55 GBq/m2 per cycle) in four cycles every 6–9 weeks. 
Maximum tolerable activity was not found with cumulative activities of 1.7–27 GBq. 
Three patients experienced dose-limiting toxicity (one liver toxicity grade 3, one 
platelet toxicity grade 4, one myelodysplastic syndrome). Five patients had grade 3 
thrombocytopenia, six had grade 3 leukopenia and four had grade 3 anaemia. In 
ten patients, a 37% increase in serum creatinine was observed [32]. In a phase I 
trial [33], Paganelli et al. studied 30 patients, divided into five groups, with tumours 
expressing sst2 receptors. The patients were treated with three equivalent activity 
doses, 8 weeks apart, escalating in 0.37 GBq steps from 1.11 GBq per cycle in the 
first group to 2.59 GBq per cycle in the final group; no kidney protection was given. 
Maximum tolerable activity per cycle was not reached, in that major haematological 
toxicity (grade 3 or 4) did not occur up to a maximum activity of 2.59 GBq per cycle, 
except for a transient reduction in lymphocytes (grades 3 and 4 in almost all 
patients). None of the patients developed acute kidney toxicity. Bodei et al. [29] 
studied 40 patients, divided into eight groups, who had tumours expressing sst2 
receptors. The patients received two cycles of 90Y-DOTATOC, with activities 
escalating by 0.37 GBq per group from 2.96 to 5.55 GBq, and amino acid infusion 
(lysine ± arginine) was administered immediately before and after therapy. 
Reversible grade 3 haematological toxicity in white blood cells and/or platelets was 
found in three out of seven (43%) patients injected with 5.18 GBq, which was 
defined as the maximum tolerated activity per single cycle. Grade 3/4 lymphocyte 
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toxicity was also found in 31 of the 40 (77.5%) patients. No other forms of toxicity 
have been observed so far. As a consequence of the irradiation, patients frequently 
experienced asthenia in the first week following therapy. All these phase I studies 
confirm that high activities of 90Y-DOTATOC can be administered without causing 
serious toxicity. Accurate renal protection schemes, based on amino acid co-
administration, are strongly recommended in order to enable an average of 10–15 
GBq cumulative activity to be administered with a low risk of permanent renal 
toxicity [20]. Whether or not this amount of activity should be divided into a small or 
a large number of administrations remains to be clarified in controlled phase II 
studies. Neither endocrine dysfunction of pituitary axes (thyroid, adrenals, gonads) 
nor diabetes mellitus has been observed after 90Y-DOTATOC, except for a 
transient impairment of spermatogenesis, revealed by a >80% decrease in serum 
inhibin B and a parallel increase in FSH [32]. Regarding cumulative bone marrow 
toxicity, the possibility of a mild but progressive impoverishment in bone marrow 
reserves has to be considered (Fig. 1b). 
 
Efficacy 
The group from the University of Louvain reported that up to 177 Gy was delivered 
to the tumour by the maximum allowable dose [21], testifying that 90Y-DOTATOC is 
suitable for efficient receptor radiotherapy. Residence times in tumours can yield 
variable absorbed doses (1.4–31 Gy/GBq, mean 10.1) [19]. This variability can be 
attributed to differences in tumour volume, interstitial pressure and viability. 
Moreover, the receptor density heterogeneity on the tumour surface must also be 
taken into account. Previous animal studies have indicated that high absorbed 
doses to tumour lesions (>80–100 Gy) would result in a high percentage of cure. 
This dose range should be reached in humans at activities of at least 7.4 GBq 
[32,34]. Otte et al. studied 29 patients receiving four or more cycles of 90Y-
DOTATOC, with increasing activities, at 6-week intervals; the cumulative activity 
was 6.120±1.347 MBq/m2. Twenty of these patients showed disease stabilisation, 
two had partial remission, four minor remission and three progression [27]. 
Waldherr and co-workers studied a group of 39 patients with progressive 
neuroendocrine gastro-enteropancreatic and bronchial tumours that were treated 
with four equal intravenous injections, for a total of 7.4 GBq/m2 of 90Y-DOTATOC, 
administered at 6-week intervals. The objective response rate according to WHO 
criteria was 23%. Endocrine pancreatic tumours (13 patients) showed a higher 
objective response rate (38%). Complete remissions were found in 5% (2/39) of 
patients, partial remissions in 18% (7/39), stable disease in 69% (27/39) and 
progressive disease in 8% (3/39). A significant reduction in clinical symptoms was 
observed in 83% of patients with diarrhoea, in 46% with flushing, in 63% with 
wheezing and in 75% with pellagra. The overall clinical benefit was 63%. The 
median duration of the responses (in terms of both clinical benefit and WHO 
response) was 6 months (range 2–12) [35]. Between 1997 and 2002, the Milan 
group evaluated the objective response of 141 patients (67 females, 74 males), 
mainly with neuroendocrine tumours (Table 2), who were treated with a cumulative 
activity of 7.4–26.4 GBq of 90Y-DOTATOC, divided into 2–16 cycles, 4–6 weeks 
apart. A 26% objective response (PR + CR; Fig. 2) was observed, and the state of 
disease at the time of enrolment was taken into account. Eighty percent (80.1%) of 
these patients (113/141) presented with progressive disease, while 19.9% (28/141) 
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were stable at the beginning of therapy. An overall clinical benefit (CR + PR + SD) 
was observed in 76% of the patients with progressive disease (Fig. 2b). Stable 
patients showed a response (CR + PR) in 32% of cases (Fig. 2c). The duration of 
response ranged between 2 and 59 months (median 18). In patients with 
progressive disease, the time to treatment failure was 2–49 months (median 13), 
while it was 6–33 months (median 16) in stable patients. Most of the patients who 
responded (69.7% of cases) had gastro-entero-pancreatic neuroendocrine 
tumours. The Rotterdam group studied 32 evaluable patients out of 42 enrolled in a 
Novartis trial aimed at finding the maximum tolerable single and four-cycle doses of 
90Y-DOTATOC. Thirty-four of them had progressive disease at baseline, while eight 
were stable. Patients were cotreated with amino acid infusion and received 
escalating activities of 25, 50, 75 and 100 mCi/m2 (0.93, 1.85, 2.78 and 3.7 
GBq/m2) every 6–9 weeks. In 11 patients the single cycle activity reached 100, 
125, 150 and 175 mCi/m2 (3.7, 4.63, 5.55 and 6.47 GBq/m2). Single cycle activities 
ranged between 36 and 291 mCi (1.33 and 107.67 GBq), while cumulative 
activities were between 47 and 733 mCi (1.74 and 27.12 GBq). An objective partial 
response was observed in three patients and a minor response in three (18.8%), 
while stabilisation occurred in 17 patients (54%) and progression in nine [29]. In 
two out of two insulinomas and one out of one gastrinoma, complete normalisation 
of hormone values was observed. Sixteen patients (50%) had symptomatic 
improvement [32]. Incidentally, it should be emphasised that 90Y-DOTATOC is able 
to yield response rates higher than those observed with the “cold” analogues. In 
fact, only 3–6% partial responses could be obtained in the latter case [6]. Figure 3 
reports an example of an objective response in a patient with a vasoactive 
intestinal peptide (VIP)-secreting pancreatic endocrine carcinoma, treated with 12 
GBq of 90Y-DOTATOC. It should be underlined that the majority of the studies 
reported in the literature were designed as phase I–II trials, and thus did not 
specifically address efficacy. With this in mind, we should consider that pathology-
oriented phase II trials are required to assess the potential of 90Y-DOTATOC 
therapy in each class of disease. According to the literature, typical neuroendocrine 
tumours of the gastro-entero-pancreatic area seem to show better response rates 
than the whole series of tumours simply expressing SSRs as demonstrated at 
OctreoScan. In patients with pancreatic endocrine tumours, Waldherr was able to 
obtain a 38% objective response rate [34]. The tumour load and the residual 
functional capacity of compromised organs, such as the liver, must also be 
considered important parameters determining the response [36,37]. Previous 
studies have indicated that the tumour load, especially in the liver, and the 
performance status influence the outcome of receptor radionuclide therapy [38]. 
Therefore early treatment would be recommended, rather than a “wait-and-see” 
approach. Again, all these issues and open questions have to be addressed by 
future phase II studies. Recently, de Jong and co-workers, who undertook 
preclinical studies in rats, demonstrated excellent responses dependent on tumour 
size at the start of therapy. 90Y-DOTATOC would seem able to give a higher 
response rate in bigger lesions (optimal diameter 3.4 cm), while lutetium-DOTA-
Tyr3-octreotate (a newer analogue labelled with a beta–gamma emitter) does so in 
smaller tumours (optimal diameter 2 cm). Probably the radius of beta emission of 
the radioisotope has to match the tumour dimensions. Therefore, the administration 
of combinations of radioisotopes for different sized lesions should be evaluated in 
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patients [32]. Finally, it must be considered that patients with cancer, including 
neuroendocrine tumours, greatly benefit from a multidisciplinary therapeutic 
approach. The integration of receptor radiometabolic therapy using 90YDOTATOC 
with medical therapy using “cold” somatostatin analogues ± interferon alpha-2b, 
together with other therapeutic approaches such as surgery, chemoembolisation 
debulking of liver metastases, chemotherapy or radiotherapy, must be explored in 
order to further increase the therapeutic response rate in these tumours. As a rule, 
surgical debulking of the primary and/or chemo-embolisation therapy of liver 
metastases, when feasible, should precede any systemic treatment. Symptomatic 
control should always be attempted, using biological response modifiers such as 
cold octreotide or lanreotide and/or interferon. Certainly, the optimal approach must 
consider the treatment priority in each patient, in order to achieve the maximum 
effect in terms of both survival and quality of life. For example, surgical debulking of 
a primary ileal carcinoid is indicated as a first-line approach not only in cases of 
limited disease but also in the presence of liver metastases that may call for 
treatment using other modalities. Moreover, future studies must clarify the timing of 
90Y-DOTATOC therapy with respect to the other treatments, e.g. whether it should 
be performed before, after or independently of debulking. As regards the efficacy of 
the treatment, disease stability can be considered to represent a benefit in patients 
with progressive disease, while it lacks significance in previously stable patients. Of 
course, the results in previously stable patients need to be considered carefully, 
given the long and often indolent history of the disease. On the other hand, 
progressive tumours are fast growing, and therefore more prone to response. 
Kwekkeboom et al. found a tendency towards a better response—more CR/PR—in 
the subgroup of patients with progressive disease treated with 177Lu-DOTATATE. 
They also found that responding patients had a limited tumour load. The fact that 
progression during or after treatment was more frequent in patients with extensive 
tumour load, especially in the liver, implies that a wait-and-see approach, i.e. 
waiting for tumour progression, might leave patients in a worse position [36]. 
 
Perspectives 
Radionuclide therapy with 90Y-DOTATOC seems to be a safe and efficacious 
option in patients affected by tumours expressing sst2 receptors. Only phase I 
studies have been carried out so far, and data regarding the efficacy of 90Y-
DOTATOC are still preliminary, have not been obtained with the same 
methodology and need to be confirmed by more extensive studies specifically 
addressing this issue. The optimal timing of 90Y-DOTATOC in the management of 
SSR-positive tumours and the way in which it should be integrated with other 
treatment have yet to be defined, and phase II–III trials comparing the efficacy and 
toxicity of different schemes of 90Y-DOTATOC administration are warranted. One 
important point to be clarified is the dose fractionation, i.e. whether the same 
maximum injectable cumulative activity shows different efficacy and toxicity when it 
is divided into a series of low-activity cycles given at short intervals or into a few 
high-activity cycles spread over a longer period. New perspectives that can now be 
pursued include the use of new isotopes, such as 177Lu, with lower energy (0.5 
MeV) and penetration range (2 mm), but a longer half-life (6.7 days). 177Lu-DOTA-
Tyr3-octreotate or DOTATATE seemed to demonstrate better results (38% 
objective response) in a preliminary clinical phase I trial [37]. 177Lu-DOTATATE 
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shows a lower renal burden and, as mentioned above, probably exerts a greater 
effect on small lesions in comparison with 90Y-DOTATOC, which, however, seems 
more efficient in bigger lesions [32]. The radiobiological value of 177Lu-DOTATATE 
versus 90Y-DOTATOC needs be addressed by future studies comparing the two 
compounds in different sized lesions [39,40]. As regards the cumulative tumour 
dose, because of the risk of renal toxicity, the optimal dose cannot be achieved in 
each patient (as mentioned above, there is a need to “sail between Scylla and 
Charybdis”). The development of more efficient schemes of renal protection will 
allow higher cumulative activities to be administered (thus yielding higher tumour 
absorbed doses). As for external beam radiotherapy, a patient-dedicated treatment 
plan (personal dosimetry) is mandatory. Moreover, the assessment of tumour 
“multireceptor” status (the five SSRs, bombesin, CCK/gastrin, VIP and GLP-1 
receptors) and the availability of new peptide analogues will allow a “cocktail 
therapy” using a combination of radiolabelled compounds, tailored ad hoc to each 
patient [41]. 
 
Conclusions 
90Y-DOTATOC therapy has proven to be a safe and effective treatment. Present 
knowledge and experience indicate that it is possible to deliver high activities, and 
therefore high absorbed doses, to tumours expressing sst2 receptors, with 
achievement of objective therapeutic responses in about a quarter of patients. In 
almost a decade of clinical use, much has been achieved. Nevertheless, the ideal 
study has yet to be performed. New prospective controlled trials will define the 
exact role of 90Y-DOTATOC in sst2-positive tumours.  
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 Table 1. Characteristics and toxicity parameters (WHO criteria) in the 16 patients treated with 

90Y-DOTATOC who underwent a dosimetry study (study by the Milan group) 
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Fig. 1a, b. Permanent toxicity after 90Y-DOTATOC. a Permanent renal toxicity 
according to the absorbed dose. b Permanent bone marrow toxicity according to 
the absorbed dose. GFR, Glomerular filtration rate; PLT, platelets; WBC, white 
blood cells; Hb, haemoglobin 
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Table 2. Details of the 141 patients treated with >7.4 GBq of 90YDOTATOC 
(study by the Milan group) 
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 Fig. 2a–c. Objective response. a Response in 141 patients treated with           
90Y-DOTATOC (MCA �7.4 GBq). b Response in patients with progressive 
disease (113/141). c Response in stable patients (28/141) 

Fig. 3a–d. Objective response to 90Y-DOTATOC in a patient affected by a VIP-
secreting pancreatic endocrine carcinoma as detected by planar OctreoScan 
scintigraphy and CT scan, performed respectively before (a, b) and after (c, d) 
treatment. The CT slices are cut at the pancreatic level  
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Abstract 
Peptide receptor radionuclide therapy (PRRT) of neuroendocrine tumours with 90Y-
DOTATOC and 177Lu-DOTATATE is promising. The kidney is the critical organ 
and, despite renal protection, function loss may become evident years later. The 
aim of this study was to analyse renal parameters in patients who had undergone 
dosimetry before PRRT. Among those in protocols at our Institution, 28 patients 
were considered: 23 received 90Y-DOTATOC (3.8-29.2 GBq, median 12.2), and 5 
received 177Lu-DOTATATE (20.7-29.2 GBq, median 23.2). Patients were followed 
up after therapy for creatinine and creatinine clearance loss (CCL) for 3-97 months 
(median 30). Renal doses and bio-effective doses (BED) were calculated (MIRD, 
LQ model). After 90Y-DOTATOC toxicity on creatinine according to NCI criteria 
occurred in 9 cases (7 grade 1, 1 grade 2, 1 grade 3), CCL at 1 year >5% in 12 
cases, >10% in 8. A 28 Gy BED threshold was observed in patients with risk 
factors (mainly hypertension and diabetes), while it was 40 Gy in patients without 
risk factors. Probably due to the low number of patients, despite the absence of 
severe toxicity after hyperfractionated PRRT, clear correlations between 
fractionation and toxicity could not be found. After 177Lu-DOTATATE no toxicity 
occurred in 1-2 years follow-up, CCL at 1 year >5% occurred in 3 patients, >10% in 
2. Our results indicate the importance of clinical screening for risk factors: in this 
case a BED<28 Gy is recommended. Fractionation of therapy is important in order 
to decrease toxicity, and further studies are needed to evaluate its clinical impact. 
 
Introduction 
Peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin 
analogues, such as [90Y-DOTA0,Tyr3]-octreotide (90Y-DOTATOC) and, more 
recently with [177Lu-DOTA0,Tyr3]-octreotate (177Lu-DOTATATE), is a promising new 
tool in the management of patients with inoperable or metastasized 
neuroendocrine tumours. [1-4].  
These compounds are able to irradiate tumours and their metastases via the 
internalization through a specific receptor subtype, generally over-expressed on the 
cell membrane. PRRT can deliver radiation doses to tumours, which are adequate 
to achieve significant volume reduction.  
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Initial studies were performed with the radiopeptide used in diagnostics, [111In-
DTPA0]-octreotide, administered in high activities. Results were encouraging, with 
frequent symptomatic and biochemical responses, although objective responses 
were rare (5% partial response) [5]. The radiopeptide that has been most 
extensively studied is 90Y-DOTATOC. Clinical trials performed in several countries, 
despite different phase I-II protocols, thus not specifically addressing efficacy, 
showed complete and partial remissions in 10 to 30% of patients.  
In the clinical phase II trial with 177Lu-DOTATATE, which has a higher affinity for 
the subtype 2 somatostatin receptor, 47% overall response rate was recorded, with 
a median time to progression of >36 months [6]. Significant biochemical and 
symptomatic responses in functioning tumours were encountered for both 
radiopeptides. 
Toxicity, requiring renal-protective agents, is generally mild and may involve 
kidneys and bone marrow. These data indicate that PRRT offers a convincing 
alternative in the treatment scenario of neuroendocrine tumours. 
Due to their marked radiosensitivity to the doses usually achieved during PRRT, 
the kidneys undoubtedly represent the critical organs, particularly after 90Y-
DOTATOC. Renal irradiation arises from the proximal tubular reabsorption of the 
radiopeptide and the resulting retention in the interstitium. The co-administration of 
positively charged amino acids, such as L-lysine and/or L-arginine, competitively 
inhibiting the proximal tubular re-absorption of the radiopeptide, results in a 
reduction in the renal dose ranging from 9 to 53% [7,8]. Despite kidney protection, 
renal function loss may become clinically evident years after receptor radionuclide 
therapy, especially after 90Y-DOTATOC.  
The aim of this study was to investigate the long-term behaviour of main 
parameters of renal function in a sub-group of patients who underwent dosimetry, 
among those treated in our Institution with 90Y-DOTATOC or 177Lu-DOTATATE in 
the past decade. 
 
Materials and methods 
 
Patients 
From April 1997 to May 2006, among the 211 patients treated with 90Y-DOTATOC 
and the 25 patients treated with 177Lu-DOTATATE according to our protocols [3], 
28 patients (13 f, 15 m, 16-73 years, median 49), affected by somatostatin 
receptor-positive tumours, mainly neuroendocrine, were selected for dosimetric 
studies before PRRT and were followed up. Protocols applied in our institution 
were: 
Protocol 1. The phase I protocol of PRRT with 90Y-DOTATOC without amino acid 
protection, in which patients were divided in groups treated with three consecutive, 
equal-activity cycles, with activities escalating between groups by 0.37 GBq, from 
1.11 to 2.59 GBq per cycle [9]. 
Protocol 2. The phase I protocol of PRRT with 90Y-DOTATOC with amino acid 
protection, in which patients were divided in groups treated with two consecutive, 
equal-activity cycles, with activities escalating between groups by 0.37 GBq, from 
2.96 to 5.55 GBq per cycle [10]. 
Protocol 3. The ongoing, two-step, phase I-II protocol of PRRT with 177Lu-
DOTATATE. In the first step, whom these data belong to, patients were divided in 



 115 

groups treated with consecutive, equal-activity cycles, with groups ranging from 3.7 
to 5.18 GBq per cycle, up to a cumulative activity ranging from 22.2 to 29.6 GBq, 
depending on dosimetry. This study is still ongoing [11]. 
Patients treated in the first two protocols, which were pure phase I studies, 
therefore aimed at defining toxicity, performed the first three or two cycles 
according to the relative protocol, and then completed PRRT up to the cumulative 
activity needed to deliver a sufficient absorbed dose to irradiate the tumour. 
Twenty-three patients received 90Y-DOTATOC, with a cumulative activity of 3.8-
29.2 GBq, (median 12.2), while 5 patients received 177Lu-DOTATATE, with a 
cumulative activity of 20.7-29.2 GBq (median 23.2). Patients’ characteristics are 
summarized in Table 1.  
Risk factors described in Table 1 relate to all the conditions known to affect renal 
function, such as long-standing and partially controlled hypertension and diabetes, 
age, and renal morphological abnormalities [12-14]. As regard hypertension, the 
involved patients (#1, 3, 24, and 27) were affected by the essential form (defined 
by blood pressure values above 140 over 90 mmHg, systolic/diastolic). These 
patients had benign and long-lasting forms of hypertension, which were under 
pharmacological control. One patient (# 8) had a particularly severe form of 
diabetes mellitus, secondary to the pancreatic substitution by the tumour, and was 
partially controlled by insulin therapy due to a scarce compliance to substitutive 
therapy and to diet. Renal function deteriorates with age, and age is per se an 
unfavourable factor for patients performing a therapy potentially affecting kidney 
function. Nevertheless, the effect of age was not analysed in our series. Renal 
morphological abnormalities relate to all the conditions affecting renal functioning 
parenchyma, such as large cysts. Other conditions considered as risk factors were 
trans-arterial chemo-embolisation (TACE), due to renal cortical retention of contrast 
medium [15] and previous chemotherapy with nephrotoxic agents, such as 
platinum derivatives [16]. 
 
Dosimetry 
To allow individual dosimetric analysis, 111In-DOTATOC (185 MBq) was used as 
surrogate in patients subsequently enrolled to 90Y-DOTATOC therapy, while 
patients recruited to 177Lu-DOTATATE were studied directly during the first course 
of therapy. Blood samples, urine collection and serial whole body (WB) images 
(111In / 177Lu energy windows, 20%) were obtained up to 48 – 72 h p.i. WB 
transmission (57Co-flood source) and low dose CT-scans were acquired for 
individual attenuation and actual organ mass corrections [17-19]. Images were 
analysed by the conjugate view technique with attenuation, scatter, background, 
and physical decay corrections. Counts in WB images were normalized at the first 
image (100% of the injected activity) [20]. The effective half-life of the 
radiopharmaceutical for the kidneys was evaluated for each patient, assuming a 
mono-exponential trend of the time-activity curve. The number of disintegrations in 
all source organs was calculated by a compartmental model (SAAMII) for both 
177Lu- and 90Y- derivatives to assess the absorbed doses (OLINDA/EXM), with the 
inclusion of the patient specific masses [21-23].  
The linear quadratic model revised for radionuclide therapy [24] was considered to 
evaluate, for every patient, the biological effective dose (BED) to the kidneys, 
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depending on the individual renal absorbed dose and number of cycles of PRRT. 
The following equation was applied:  
 

BED  = Σi Di + β/α ⋅ T1/2 rep / (T1/2 rep + T1/2 eff) ⋅ Σi Di
2  , 

 
where Di is the kidney dose delivered per cycle i; α/β is the parameter which 
relates the intrinsic radiosensitivity (α) and the potential sparing capacity (β) for the 
kidney tissue and which was set as α/β = 2.6 Gy; T1/2 rep is the repair half-time of 
sub-lethal damage (T1/2 rep = 2.8 h); T1/2eff is the patient specific effective half-life of 
the radiopharmaceutical in the kidneys [18,25,26]. 
 
Renal parameters 
Patients had basal creatinine values ranging from 0.44 to 1.05 mg/dl in females 
and from 0.64 to 1.06 mg/dl in males. Basal creatinine clearance values, calculated 
according to the Cockroft-Gault formula, ranged from 144 to 42 ml/min in females 
and from 155 to 70 ml/min in males. 
Twelve patients treated with 90Y-DOTATOC had risk factors for renal toxicity, 
including hypertension, diabetes, previous chemotherapy, liver chemoembolization, 
and renal or peri-renal lesions (therefore contributing to irradiate the kidneys). 
None of the patients treated with 177Lu-DOTATATE had any known risk factor. 
Patients were followed up for renal toxicity by measuring creatinine and creatinine 
clearance according to the Cockroft-Gault formula. Creatinine toxicity was 
measured according to NCI criteria: grade1 = ULN-1.5 � ULN; grade 2 = 1.5-3 � 
ULN; grade 3 = 3-6 � ULN; grade 4 = >6 � ULN). Creatinine clearance loss was 
calculated as the % loss in creatinine clearance, in a 3-97 months follow up 
(median 30) after therapy. Creatinine clearance loss was calculated at every 
creatinine sample after the basal one. The maximum loss in creatinine clearance 
was obtained from the whole series of data. Creatinine was measured monthly 
during therapy cycles and every 3 months thereafter. The follow-up period was 
considered to be ended either when patients started other potentially nephrotoxic 
therapies, were lost to follow-up or died. 
 
Statistical methods 
The possible relationships between variables, namely the presence of risk factors, 
or the administered cumulative activity, the kidney absorbed dose, the kidney BED, 
the number of cycles and the occurrence of renal toxicity or creatinine clearance 
loss, were evaluated with the Chi Square Test (Test for Independent Samples) and 
t test, by means of the statistical software SPSS v. 15.0. To build contingency table 
for chi-square test, the variables have to be dichotomous. The medians were the 
cut-offs used to analyse, by means of chi-square test, the relationship between the 
variables (kidney BED, kidney dose, cumulative activity and number of cycles) and 
toxicity. 
t test for Independent Samples was used to evaluate a possible significance in the 
relationship between creatinine clearance loss and BED. 
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Results 
Kidney parameters, absorbed doses and BED results for each patient are 
summarized in table 2. 
In a follow-up period of up to 8 years, patients treated with 90Y-DOTATOC showed 
creatinine toxicity in 9 cases (7 of grade 1, 1 of grade 2, 1 of grade 3; figure 1), 
starting 1-5 years after radionuclide therapy. Eight of the 9 patients showing toxicity 
had pre-existent risk factors. The remaining patient had no risk factors and was the 
only one showing a recovery from creatinine toxicity 3 years after the onset (Table 
3). Creatinine clearance losses >5% at 1 year occurred in 12 cases, >10% at 1 
year occurred in 8 cases. Higher (>30%) losses of creatinine clearance occurred in 
patients showing toxicity. The chi square test (test for independent samples) 
demonstrated that toxicity was statistically correlated to kidney BED: with one 
degree of freedom, the P value was 0.036 (Fisher’s exact test), and therefore 
<0.05. Chi square test did not demonstrate any significant relationship between 
toxicity and the absorbed dose (P=0.68, Fisher’s exact test) or the cumulative 
activity (P=0.67, Fisher’s exact test). 
Figure 2A shows the course of creatinine clearance in the 23 patients treated with 
90Y-DOTATOC over an 8-year period. Due to the lack of such a long observation in 
all patients, the analysis was focused on a 4-year period (figure 2B), in order to test 
the actual effect of risk factors in the onset of renal toxicity after PRRT: two 
separate analyses were performed for patients with (n=12, red line) and without 
risk factors (n=11, blue line). Patients with risk factors had wider and persistent 
reductions of creatinine clearance (up to 73%, median 26) than did patients without 
risk factors (up to 13%, median 9), who instead showed a tendency towards 
recovery after 2 years. 
None of the patients treated with 177Lu-DOTATATE had any toxicity at the time, the 
follow-up being shorter than in the previous group, namely 1-2 years. Nevertheless, 
creatinine clearance losses >5% at 1 year occurred in 3 patients, >10% at 1 year in 
2 patients. Figure 3 shows the course of creatinine clearance in these patients.  
Due to the relatively short follow-up and number of patients treated with 177Lu-
DOTATATE, we focused further analyses on the patients treated with 90Y-
DOTATOC. 
The analysis of creatinine clearance loss in relation to the biological effective dose 
(BED) shows that, regardless of the dose received by the kidneys, the loss is more 
evident (P=0.005 and, therefore, <0.05; t test for independent samples) in patients 
with risk factors (hypertension, diabetes, age, and renal morphological 
abnormalities; Figure 4A). 
Likewise, the analysis of creatinine toxicity in relation to the BED showed that 
toxicity occurred almost exclusively (p<0.05; chi square test) in patients with risk 
factors. In these patients, the observed BED threshold for renal toxicity, namely the 
lowest value of BED above which we observed toxicity in our series, was 28 Gy, 
while in patients without risk factors the observed BED threshold for toxicity was 40 
Gy (Figure 4B). 
Considering creatinine toxicity in relation to the BED and the number of cycles into 
which the therapy is divided, despite the absence of severe toxicity in patients who 
received a hyper-fractionated therapy, a clear statistic correlation could not be 
found (chi square test for independent samples) between toxicity and the number 
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of cycles, probably due to the relatively low number of observations (Figure 5). 
Toxicity also occurred even in patients treated with high number of cycles, but 
these patients had pre-existent risk factors. With a higher spread of the 
observations, the same holds true for creatinine clearance loss (chi square test for 
independent samples). In this case as well, despite the presence of more severe 
losses in patients receiving a hypo-fractionated treatment, a clear statistical 
correlation could not be found. 
 
Discussion 
Renal irradiation arises from the proximal tubular reabsorption of the radiopeptide 
and the resulting retention in the interstitium. Due to their marked radiosensitivity to 
the range of doses resulting from PRRT, the kidneys represent the critical organs. 
This effect is particularly marked after [90Y-DOTA0,Tyr3]-octreotide, due to the 
higher energy and wider range of beta particle penetration of 90Y in tissue (Emax: 
2.27 MeV, Rmax: 11 mm). 177Lu, whose beta particles possess lower energy and 
shorter penetration power in tissue (Emax: 0.49 MeV, Rmax: 2 mm), results in lower 
kidney doses and therefore a reduced occurrence and severity of renal toxicity [6].  
Sporadic cases of delayed renal failure, in some cases end-stage requiring 
dialysis, have indeed been observed, especially in patients who have received 
activities >7.4 GBq/m2 in very few cycles with no kidney protection [27,28]. Given 
the high retention of radiopeptides in the kidneys, appropriate methods of reducing 
renal uptake have been applied, in order to avoid acute or delayed renal toxicity. 
Positively charged amino acids, such as L-lysine and/or L-arginine, competitively 
inhibit the proximal tubular re-absorption of the radiopeptide, and result in a 
reduction of the renal dose ranging from 9 to 53% [7,8]. Doses are further reduced 
by up to 39% by prolonging infusion over 10 hours and by up to 65% by prolonging 
it over two days after radiopeptide administration, thus more extensively covering 
the elimination phase through the kidneys [3,10]. 
Despite kidney protection, renal function loss may become clinically evident 1-5 
years after receptor radionuclide therapy. A median decline in creatinine clearance 
of 7.3% per year has been calculated in patients treated with 90Y-DOTATOC and of 
3.8% per year in patients treated with 177Lu-DOTATATE. Cumulative and per-cycle 
renal absorbed dose, age, hypertension, and diabetes are considered as factors 
accelerating the decline of renal function after PRRT [29].  
Renal failure in its various degrees, up to the end- stage requiring dialysis (which is 
fortunately rare owing to renal protection), is a remarkably untoward event. It is 
important to avoid such toxicity particularly in patients with neuroendocrine 
tumours, whose life expectancy is relatively long and allows various treatments to 
be attempted besides PRRT. 
Kidney radiation toxicity is typically evident several months after irradiation, due to 
the slow repair characteristics of renal cell. According to studies on renal toxicity 
derived from external radiotherapy (those referred to by the nuclear medicine 
community, up to a few years ago), the accepted renal tolerated dose is in the 
range of 23-25 Gy. As stated by the National Council on Radiation Protection and 
Measurements – NCRPM – in fact, a dose of 23 Gy to the kidneys causes 
detrimental deterministic effects in 5% of patients within 5 years [30,31].  



 119 

Nevertheless, clinical experience and dosimetric studies clearly indicate that this 
renal dose threshold does not accurately correlate with the renal toxicity observed 
in patients undergoing PRRT [26]. 
In PRRT with 90Y-peptides, dosimetry cannot be reconstructed from the 
bremsstrahlung images, due to the lack of the gamma emission needed for the 
quantitative analysis. Therefore, two alternative approaches have been developed 
as surrogate for the original radiopeptide, namely the therapy simulation with the 
111In-labelled peptide and the one with the 86Y-labelled peptide. In this study, the 
dosimetric simulation for 90Y-DOTATOC was performed with 111In-DOTATOC. 90Y- 
and 111In-DOTATOC are not chemically identical, the latter has been used for 
dosimetric simulation, basing on the hypothesis that the similar physical and 
biological half-lives yield a comparable in vivo pharmacokinetics and 
biodistribution, especially concerning the renal uptake, which depends on aspecific 
phenomena. Although literature lacks an actual comparison study between 111In 
and 86Y simulation approaches, the pharmacokinetic parameters were similar, as 
well as the kidney dose [32,33]. 
PRRT is a form of continuous radiation delivery with a decreasing dose-rate with 
time. The irradiation produces both lethal and sub-lethal damage, that can be 
repaired during the irradiation itself, but the differential between creating new 
damage and the repairing depends on the specific dose-rate at any particular time 
and on the repair capability (T½rep) of the tissue. Low dose-rates, as in PRRT, will 
spare normal tissues more than the tumour, and this may allow benefits as in 
fractionation in external radiotherapy [34].  
The linear quadratic model interprets mathematically this differential sparing and 
the biological effective dose (BED) concept is used to quantify the biological effects 
induced by different patterns of radiation delivery. This model has been recently 
revised for radionuclide therapy [19] and has been applied in particular to PRRT 
with the intent of increasing the dose-response correlation. Focusing on the kidney 
concern, the BED has proven to be a reliable predictor of renal toxicity, helpful in 
the implementation of individual treatment planning [26]. However, BED is a 
relatively young concept applied to nuclear medicine and has still to be fully 
validated with a wider series of data. 
The main radiobiological parameter required in such assessment is the tissue �/� 
ratio, which gives an indication of the sensitivity of a tumour or normal tissue cell to 
the effect of dose-rate (and/or fractionation), and is generally higher for tumours (5-
25 Gy) than for late-responding normal tissues (2-5 Gy). Additional parameters 
introduced in the refined expression for the BED (T1/2 rep; T1/2 eff) allow to take into 
consideration the effect of the repair potential, of the dose rate and of the delivery 
of the dose – which is protracted, and possibly divided in cycles. 
Tissues with low �/� values, such as the kidneys, are more influenced by small 
changes in the dose-rate or dose per fraction than tissues with high �/� values, 
such as tumours. Therefore, from a radiobiological point of view, it seems 
particularly important to fractionate elevated amounts of radioactivity in more cycles 
to allow the sub-lethal radiation damage repair in normal tissue. 
Our data on toxicity and loss of creatinine clearance are consistent with other 
experiences reported in literature regarding the constant and progressive loss of 
renal function with either radiopeptides, more marked after 90Y-DOTATOC [29]. 
Remarkably, in our series the large majority of the cases of toxicity occurred in 
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patients with pre-existent risk factors, with a tendency to persist with time, whilst 
the only patient without risk factors experiencing toxicity, recovered over a 3-year 
time period. 
The analysis of creatinine clearance loss in relation to the BED shows that, even 
with equal BED delivered to the kidneys, the loss is more evident in patients with 
risk factors (hypertension, diabetes, age, and renal morphological abnormalities). 
Likewise, the analysis of creatinine showed that toxicity occurred almost 
exclusively in patients with risk factors. In these patients, the BED threshold for 
renal toxicity was 28 Gy, while in patients without risk factors the BED threshold for 
toxicity was 40 Gy. These data not only substantiate reports in literature regarding 
a renal BED threshold of 40 Gy in patients without risk factors [26], but also 
contribute to quantifying a different threshold in patients with risk factors, and 
ultimately enrich the still poor statistics on renal effects of PRRT. Moreover, the 
impact on clinical management is considerable, since this different BED threshold 
can lead the clinician to a different therapy cycling or even to shift patients with risk 
factors to 177Lu-DOTATATE. 
The exact kidney dose threshold has been extensively questioned in the past, and 
discussion arouse on whether the cumulative activity should be either fractionated 
in many low activity cycles or in fewer high activity cycles [3,4]. The present 
analysis being a retrospective evaluation of patients treated according to different 
protocols, the therapy schemes are not homogeneous as to the administered 
activity and the number of cycles. The first two protocols, in fact, were pure phase I 
studies, therefore aimed at defining toxicity, and patient included completed PRRT 
after the protocol up to the cumulative activity needed to deliver a sufficient 
absorbed dose to irradiate the tumour. This is the explanation of such dispersed 
results. However, the data obtained from the follow up of these patients as to 
kidney function seemed important to expand the still small knowledge in this field. 
In any case, the BED concept takes into account differences in administered 
activity per cycle. Moreover, the sub-division of the cumulative activity, and 
therefore the dose, in different number of cycles was regarded as a possibility of 
evaluating the effect of the different variables, including fractionation. However, the 
predominance of patients with risk factors in our series, represented a bias that 
probably masked any possible advantage of fractionation, together with the low 
number of observations and the different administration schedules. Although there 
seems to be a tendency toward a higher occurrence of creatinine clearance loss 
and toxicity in hypo-fractionated treatments, we could not find any statistical 
correlation between the fractionation scheme and the occurrence of toxicity or 
creatinine clearance loss. From a radiobiological point of view, fractionation is 
certainly a crucial factor but, in view of these results, it appears to be less powerful 
than the presence of risk factors. Further studies are needed to evaluate this issue, 
which seems important and theoretically supported by radiobiological 
considerations. 
Our observation points out the importance of the clinical screening of the patients 
undergoing PRRT, especially with 90Y-DOTATOC, as regards pre-existing 
conditions that may affect renal function in the long term. The presence of risk 
factors, particularly hypertension and diabetes, rather common in the elderly 
population such as those with neuroendocrine tumours, should suggest 
accordingly modifying the treatment plan towards caution in choosing cumulative 
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and per-cycle activity, and therefore the renal dose and, especially, the renal BED, 
or even switching to 177Lu-DOTATATE. In case of risk factors, patients should 
undergo dosimetry and should not receive a BED higher than 28 Gy, possibly 
fractionated in a high number of cycles. 
 
Conclusions 
Our observation highlights the importance of the clinical screening of patients 
undergoing PRRT, as regards pre-existing risk factors, such as hypertension and 
diabetes. Patients with risk factors should undergo a thorough dosimetric study and 
should not receive a BED higher than 28 Gy. Fractionating the cumulative activity 
in a large number of cycles is another crucial point in PRRT to decrease the risk of 
delayed renal failure. As a future endpoint, the possible benefit of fractionation 
should be studied in appropriate clinical trials. 
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Table 1. Characteristics of the 28 patients, as regards pre-existing risk factors, therapy and protocol 
number. 

 

NET=neuroendocrine tumour;TACE=trans arterial chemo-embolisation; HT=hypertension;  
CH= chemotherapy; RT=radiotherapy; Protocol number: see Methods. 
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Table 2.  Kidney parameters, absorbed doses and BED evaluated in patients who 
underwent a specific dosimetric study (median value, range of variation). 
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Table 3. Characteristics of of the 28 patients, as regards administered activity, kidney dose, kidney 
BED and toxicity. 
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Fig. 1. Creatinine toxicity in the 23 patients treated with 90Y-DOTATOC 
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Fig. 2A. Creatinine clearance course (pts, median, tendency) in the 23 patients treated with  90Y-
DOTATOC over 8 years of follow up (R2=0.8909). 
 
Fig. 2B. Fig. 2B. Different median creatinine clearance course in risk (red line, tendency 
continuous line) and no risk (blue line, tendency dotted line) patients treated with 90Y-
DOTATOC, over 4 years of follow up (R2=0.9598) 
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Fig. 3. Creatinine clearance course (pts, median, tendency) in the five patients treated with 177Lu-
DOTATATE over 2 years of follow up (R2= 0.916) 
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Fig. 4A. Creatinine clearance loss % according to the renal BED in the risk (red dots) and no risk 
(blue dots) patients treated with 90Y-DOTATOC 
Fig. 4B. Creatinine toxicity according to the renal BED in the risk (red dots) and no risk (blue 
dots) patients treated with 90Y-DOTATOC 
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Fig. 5. Creatinine toxicity according to the renal BED in the patients treated with  
90Y-DOTATOC: results in various categories of activity fractionation. 
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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. 
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Chapter 11 
 
Summary 
 
This thesis focuses on peptide receptor-targeted therapies, with particular 
reference to the somatostatin ligand-receptor system and to radiolabelled 
somatostatin analogues in neuroendocrine tumours. Neuroendocrine cells are 
typically regulated by numerous hormones, acting via specific receptors on the 
membrane surface. The presence of a suitable density of internalising receptors on 
the cell surface of tumours poses the basis for a peptide receptor-guided therapy, 
and in this sense, neuroendocrine tumours represent an excellent model. 
In chapter 1, an overview on neuroendocrine tumours, their epidemiology, 
histopathology, clinical and biochemical presentation, is presented. 
In chapter 2, the diagnostic techniques and main therapeutic tools of 
neuroendocrine tumours is discussed. Peptide receptor radionuclide therapy with 
radiolabelled somatostatin analogues 90Y-DOTATOC and 177Lu-DOTATATE is 
specifically explained and discussed with particular reference to efficacy, safety, 
and clinical results. 
The possible presence and significance of other G-protein coupled receptors in 
NETs, such as dopamine D2 receptors, is illustrated in chapter 3 and 4. In chapter 
3, the presence of D2 receptors in a group of patients with uveal melanomas is 
presented, by illustrating the in vivo and in vitro results of 123I-epidepride 
scintigraphy and autoradiography, as well as tissue immunohistochemistry for D2 
receptor. In chapter 4, the presence of D2 receptor in neuroendocrine tumours 
associated with ectopic ACTH syndrome is illustrated and the effectiveness of the 
dopamine agonist cabergoline in controlling cortisol excess in a group of patients is 
discussed. 
The subsequent chapters describe the actual experiences of receptor radionuclide 
therapy, mainly focusing on radiolabelled octreotide analogues. In chapter 5 and 6 
the phase I studies with 90Y-DOTATOC, without and with renal protection, are 
illustrated. Chapter 5 describes the dosage, safety profile and therapeutic efficacy 
of 90Y-DOTATOC without amino acid protection in 30 patients with histologically 
confirmed sst2-positive tumours, defining 2.59 GBq per cycle as a relatively safe 
activity for the low risk of myelotoxicity, although the cumulative radiation dose to 
the kidneys may raise some concern. Chapter 6 describes the maximum tolerated 
dose of 90Y-DOTATOC per cycle administered in association with amino acid 
solution as kidney protection in 40 patients with somatostatin receptor positive 
tumours, defined at 5.18 GBq per cycles.  
Chapter 7 reports the experience of treatment with 90Y-DOTATOC in a group of 
patients affected by medullary thyroid cancer with positive OctreoScan, 
progressing after conventional treatments. This retrospective analysis shows a 
lower response rate in medullary thyroid cancers with respect to GEP NETs. 
Nevertheless, it is illustrated that patients with smaller tumours and higher uptake 
of the radiopeptide tended to respond better.  
Chapter 8 reports the state of the art of receptor radionuclide therapy with 90Y-
DOTATOC, as regards safety and anti-tumour activity in clinical results, and 
mentions new perspectives. 
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Chapter 9 focuses on the analysis of renal parameters in 28 patients who had 
undergone dosimetry before PRRT with 90Y-DOTATOC or 177Lu-DOTATATE. The 
analysis indicates the importance of clinical screening for risk factors, namely 
hypertension and diabetes, that require a lowering of the dose (BED<28 Gy). In 
order to decrease toxicity, fractionation of therapy is also discussed.  
Chapter 10 discusses the new perspectives of receptor radionuclide therapy to 
date, namely new radio-ligands (new somatostatin receptor ligands, agonists or 
antagonists, bombesin, cholecystokinin, vasoactive intestinal peptide, or substance 
P, agonists or antagonists), and combinations therapies (such as anti-angiogenetic 
drugs, radiosensitizer chemotherapy). 
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