
 

 

 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


 97 

Chapter 8 
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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 
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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 
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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  




