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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-
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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. 
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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 




