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Abstract. Radiolabelled peptides have been the focus of an increasing interest by the nuclear medicine
community within the last few years. This has mainly been due to successful development of one of these
peptides, somatostatin, as a tool to visualise various pathologic conditions known to express a high number of
somatostatin receptors. Somatostatin receptors have been identified in different tumours such as neuroendocrine
tumours, tumours of the central nervous system, breast, lung and lymphatic tissue. These observations served as
the biomolecular basis for the clinical use of radiolabelled somatostatin analogs, which are at present of great
interest for diagnostic and therapeutic applications. A promising somatostatin analogue, DOTA-D-Phe'-Tyr3-
octreotide, named DOTATOC, has shown favourable biodistribution and high affinity binding to SSTR2 and
SSTR5, high hydrophilicity and ease of labelling and stability with H1In and 90Y. A clinical trial aimed at
evaluating the biodistribution and dosimetry of DOTATOC radiolabelled with '"in, in anticipation of therapy
trials with 90Y-DOTATOC in patients was undertaken. H1In-DOTATOC showed favourable pharmacokinetics
(fast blood clearance and urinary excretion) and biodistribution, and high affinity to tumours expressing
somatostatin receptors (thus, a high residence time in tumour). These results are promising for therapy trials with
90Y-DOTAOC, for which radiation dosimetry appears acceptable for normal organs (including the red marrow).
Moreover, labelling conditions of DOTATOC with 90Y has been optimised in order to achieve labelling yields of
more than 98% and specific activities of greater than 60 GBq (1.6 Ci)/umol.

1. INTRODUCTION

In recent years, peptide receptor specific radioligands have been investigated for in vivo
applications in tumour patients and among them somatostatin analogues are certainly the most widely
studied.

Somatostatin (SST) constitutes a multi gene peptide family with two principal bioactive
products, SST-28 and SST-14. The latter, a natural neuropeptide compound formed by 14 amino
acids, was discovered in hypothalamus 18 years ago, has an inhibitory effect on the secretion of the
growth hormone [1-2]. Further studies have revealed the presence of this peptide in neurons and in
the endocrine system cells, with greater density in the brain, pancreas and gastrointestinal section [3-
4].

The presence of specific somatostatin receptors (SS-R) has also been observed in the tissues
and the physiological activity of somatostatin has been proved to be directly mediated by these
receptors (SS-TR). At present, five somatostatin receptors (SS-TR 1-5) are known and have been
cloned [5]. They are overproduced in most tumours, among which are melanoma, lymphoma, breast
tumours, small cell lung cancer and other tumours.

Animal experiments have shown that somatostatin has an inhibitory effect on the growth of
different kinds of malignant tumours, such as osteosarcoma, breast and prostate carcinoma [6-7].
These pharmacological properties of somatostatin have generated great interest for the therapeutic
potential application of the molecule. Natural somatostatin, however, cannot be used as a medicine,
because of its short plasmatic half-life (about 2').
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FIG. 1. SST-receptor agonists.
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To overcome this obstacle, many different SST peptide analogs have been synthesized for
investigational and clinical applications. Structural function studies, conducted on the natural
peptides, evidenced that amino acid residues Phe7, Trp8, Lys9 and Thr10 present in the loop are
necessary for the biological activity with residues Trp8 and Lys9 being essential whereas Phe7 and
Thr10 can undergo minor substitutions like Phe replaced by Tyr and Thr replaced by Ser or Val. The
general strategy for designing SST analogs has been to retain the crucial segment of the four amino
acids and to incorporate a variety of cyclic and exocyclic restraints to stabilize the loop around the
conserved residues.

Octreotide, the first SST analog introduced for clinical use, inhibits the release of growth
hormone, glucagon and insulin more powerfully than SST-14. Its plasma half life, after subcutaneous
administration, is two hours, and rebound hypersecretion of hormones does not occur. While the
natural peptides SST-14 and SST-28 bind all five SS-TR receptor subtypes, octreotide binds with high
affinity SS-TR2 and SS-TR5 and with moderate affinity the subtype 3 but does not bind to SS-TR1
and SS-TR4 [8].

Thanks to its long half-life, this peptide has proved to be effective in blocking hormone over-
secretion in different neuroendocrine tumours. The effect of octreotide on these tumours depends on
the presence of somatostatin receptors in bioptic samples analysed through autoradiographic
techniques, which employ 125I labelled octreotide [9].

This in-vitro demonstration has led other research teams to label octreotide with gamma
isotopes for scintigraphic studies of tumours expressing these receptors [10-11]. For routine clinical
use, the compound obtained by coupling octreotide with the bifunctional chelating agent DTPA can
be effectively labelled with In (physical half-life = 68 h). This radiopharmaceutical, commercially
known as Octreoscan, has shown favourable biodistribution and pharmacokinetic properties [12].
After intravenous administration, the compound is rapidly cleared from circulation almost exclusively
via the kidneys; one-third of the injected dose remains in the blood pool at 10 min. after
administration.

The great success of this radiopharmaceutical inspired the researchers to postulate that an anti-
tumoural therapy, based on the use of this compound can be tried, by simply substituting n iIn with a

strong beta emitter radionuclide like yttrium-90 (90Y) (Emax |3 = 2.2 MeV). In fact, the radiotherapeutic
use of this radionuclide associated to the somatostatin analog will lead to a high and more evenly
distributed radiation dose to the tumour because of the long particle range and tissue penetration
(range 8-10 mm for soft tissue-solid tumours, respectively). Even tumours with an inhomogeneous
distribution of receptors may respond favourably to treatment with such radiopharmaceuticals.
Unfortunately, it was quickly demonstrated that the 90Y-DTPA-octreotide was unstable "in-vivo" with
consequent release of high quantities of 90Y that caused high bone marrow toxicity.

Recently, at Basel University a new octreotide derivative has been synthetized replacing Phe3

with the more hydrophilic tyrosine and coupled with the macrocyclic chelating agent DOTA which is
known to form stable complexes with 90Y [13].

The new compound, named DOTATOC, has been efficiently labelled either with n iIn or 90Y
and tested in vitro for its affinity to SSTR and then in vivo in comparison with the commercial
product Octreoscan [14].

Biodistribution experiments performed in animals with pancreatic tumour, have evidenced the
tumoural capturing specificity of this compound and complete remissions of the tumour after
treatment with 90Y-DOTATOC [15].

These encouraging preliminary results have shown the possibility to treat SS-TR expressing
tumours by receptor mediated radiotherapy.
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FIG. 2. Structure formula of DOTATOC.

We undertook a clinical trial to study the pharmacokinetics and biodistribution of In-
DOTATOC by performing scintigraphic studies in order to predict the in vivo behavior of 90Y-
DOTATOC in therapy trials.

Furthermore, the identification of the organs with the greater uptake would be useful in order to
device preventive or adjuvant interventions minimizing serious or minor complications in therapy.

2. METHODS

To 30 |j.g of DOTATOC, 150 u.1 of 0.4 M Na Acetate/Gentisic acid (6.0 mg) pH = 5.0 are
added. Then, 1.15 GBq (31 mCi) of Y-90 (usually in a volume of 50 \i\ of 0.04 M HC1) are added into
the conical vial containing the peptide. The mixture is incubated for 25 min. at 90°C.

An aliquot is then removed, added with 20 u.1 of 1.0 mM DTPA solution, and the presence of
free Y-90 determined by Sep-Pak Cig cartridge and HPLC analysis. Using this method, we routinely
achieve a labelling yield >98% with a specific activity >60 GBq (1.6 Ci)/umol.

Twenty patients with neuroendocrine tumours were injected with about 200 MBq of mIn-
DOTATOC. The patients were hospitalized for 3 days in order to collect all the necessary data and
perform the scintigraphic examinations. A complete urine collection and a series of blood samples
were withdrawn in order to study pharmacokinetics. The activity in the samples was determined by a
a-counter. Biodistribution was evaluated by scintigraphic images: planar images with anterior and
posterior views were acquired 1, 3, 24, 48 h p.i and SPECT images were acquired 3 h p.i.
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Whole body images were analyzed with the conjugate view method in order to evaluate the
biodistribution of the tracer. ROIs were drawn around source organs (namely spleen, liver kidneys,
lungs, tumours) and counts were corrected for background, attenuation and physical decay and
converted in %ID vs. time, so that time-activity curves for source organs were obtained.

We set up a compartmental model to represent the organism, the activity distribution and
exchange in and between organs. We considered the blood pool, the ECF, the spleen, liver, heart
contents, kidneys and the excretion pathway. Each involved organ is represented by one or more
compartments. Experimental data on pharmacokinetics and biodistribution were inserted in a special
software (SAAM II) that gives the best fits describing the curves. The same software could calculate
the area under these curves, namely the integral activity, and the residence time for each organ.

The dosimetric study was carried out by the MIRD (medical internal radiation dose committee)
formalism by the MIRDOSE 3.1 software.

3. RESULTS

This is an example of the scintigraphic images obtained. This patient had lung metastases (left
side) and liver metastases. We can see the anterior and posterior views at 3 and 24 h. The high uptake
in tumours is evident from the first planar images and remains constant in the following acquisitions.
These are the transaxial slices of a SPECT acquired 3 h p.i., showing a very high uptake in the lung
tumours.

FIG. 3. Scintigraphic images acquired after the injection of 148 MBq of In-DOTATOC in a patient
affected by bronchial carcinoid with lung and liver metastases. The high uptake in tumours is evident
from, the first planar images (3h) and remains constant in the following acquisitions (24h). On the
right side of the figure, the transaxial slices of a SPECT acquired 3h p.i., demonstrating an intense
uptake in the lung tumours, are shown.
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FIG. 4. Compartmental model developed to interpret the biokinetics from experimental data on
biodistribution: each source/target organ is associated to compartments to represent the
biodistribntion and the exchange of '" In-DOTATOC between organs. "In" and "out" arrows
represent the activity injected in the blood and the activity excreted through the kidneys.

FIG. 5. Biodistribution of In-DOTA TOC in comparison with In-Pentetreotide (Octreoscan). The
in,histogram show the biodistribution (%ID) of '"In-DOTATOC obtained from the analysis of

scintigraphic images. The data for "'' In-Pentetreotide were obtained from literature.
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FIG. 6. Predicted absorbed doses for 90Y-DOTATOC obtained by converting the residence times from
'In into 90Y.

A compartmental model was used to calculate the integral activity and the residence time for
each organ.

The blood clearance of DOTATOC, plotted on a semilogarithmic scale showed three different
slopes: between 0-2 h; 2-10 h; and then from 10 h on. Clearance was very fast: the activity in the
blood pool after 10 h was already less than 1%.

The rate of excretion was obtained by a complete urine collection up to 3 days p.i. More than
70% of the injected activity was recovered in the urine within the first 24 h.

The biodistribution of mIn-DOTATOC in comparison with the commercial Octreoscan is
represented in figure 5.

The most affected organs are spleen, kidneys and liver. In particular, kidney uptake was lower
for mIn-DOTATOC while spleen showed higher accumulation of the radiotracer compared to
Octreoscan.

The values of the residence time obtained for '"in were converted into values for 90Y and the
absorbed doses to organs and tumour were predicted by the M1RDOSE3 software.

In case of therapy, the organs receiving the highest doses would be the spleen (with
6.5 ± 2.3 mGy/MBq) and the kidneys (with 2.9 ± 1.6 mGy/MBq). Usually the red marrow is identified
as the critical organ for therapies with 90Y. Instead, the absorbed dose to red marrow is very low
(0.1 mGy/MBq) and this organ is no concern of future therapy.
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As for the absorbed doses in tumour, the tumours considered here have different characteristics,
for histology, dimensions and position, so it is preferable to look at the range (2-30 mGy/MBq) than
at mean values, as from our experience, values are dependent from patient to patient.

In conclusions, the dose delivered to, the tumour is high, being in the range from 2 -
30 mGy/MBq.

Absorbed doses to other organs including red marrow are acceptable, suggesting that high
activities of 90Y can be administered (>2 GBq) with low risk of myelotoxicity.

Finally, careful consideration has to be paid to spleen and kidneys in terms of possible
complications following therapy.

The encouraging results of this dosimetric study towards future therapy with 90Y-DOTATOC,
have prompted us to explore the best labelling conditions of DOTATOC with 90Y. The labelling
procedure has now been optimized.
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