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INTRODUCTION

As meanwhile demonstrated by different groups a variety of human tumours express a
large number of peptide receptors with a high affinity for VIP and SST. Radio labeled
synthetic analogs of this peptide hormones have been shown to be effective in diagnosis of
SST receptor positive tumours and metastases.

This fact seems to be a promising starting point for the therapeutic use of this cancer
seeking tracer molecules for targeted radiotherapy.

In this project we have focused our work on the preparation of DOTA-Lanreotide
(Mauritius), a novel SST analog, which shows a high affinity to several SST receptors
expressed by neuroendocrine tumours. This radiolabeled tracer actually is under evaluation by
a European multicenter study for its diagnostic and therapeutic capacity.

Experiments and Results

Synthesis of DOTA-Lanreotide (Mauritius)
Synthesis of DOTA-Lanreotide described first by P. Smith-Jones was originally

synthesized in a three step reaction using the commercially available lanreotide
(Somatuline®, D-pNal-Cys-Tyr- dTrp-Lys-Val-Cys-Thr-NH2) and 1,4,7,10-
tetraazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA) as starting materials. First,
lanreotide is partially protected at the lysine e-amino group side chain by using BOC-
anhydride to produce e-BOC lanreotide.

This procedure is commonly used but suffers from low yield, caused by the low
selectivity of this acylation-step. Bis-acylation and/or N-terminal BOC-protection are known
side reactions of this pH-controlled procedure.

The product, [(D)PNal1,e-Boc-Lys5]-lanreotide LAN(BOC), was recovered and
acylation with DOTA gives [a-DOTA-(D)PNal1,e-Boc-Lys5]-lanreotide DOTA-LAN(BOC),
which now is purified and transformed into DOTA-lanreotide under acidic conditions by
treatment with trifluoroacetic acid (TFA) and purified on a C18 reverse phase HPLC column
using a water/acetonitrile/0.1 % trifluoroacetic acid solvent system.

Despite all in-house expertise, the overall yield for this procedure is low. Meanwhile
we have re-investigated the synthetic routes for the preparation of SST analogs and produce
this molecules now starting from peptide synthesis of lanreotide in high yield.

The new approach is to synthesize the named peptides directly in-house. This gives way
to larger quantities of these peptides for all kinds of experiments and testings.
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General Description

For this purpose we are using solid phase peptide synthesis techniques (SPPS). The
procedure is described briefly:

During synthesis, the growing peptide chain is covalently bound to a polymeric carrier via
the C-terminus. By use of this insoluble support, conventional peptide chemistry can be applied,
but with the advantage, that unreacted reagents can be removed by simple washing steps
without loss of product. The peptide chain is extended from the carboxyl terminus to the amino
terminus by repeated "coupling-cycles".

The carboxyl group of each incoming amino acid is activated (e.g. as an anhydride, or
active ester) and coupled with the amino group of the preceding amino acid. The amino group
of this incoming amino acid is temporarily protected to avoid side reactions at this side. After
removing excess amino acids by a simple wash step, this "temporary" protecting group
(FMOC) is cleaved and washed off. The amino terminus now is accessible for the next
elongation step. In addition, reactive side chains on the amino acids are protected with
"permanent" protecting groups. Excess reagents and high concentrations are used to drive
reactions as close to completion as possible. Peptides up to 20-30 amino acids in length can be
synthesized after optimization of coupling conditions in a very high purity and yield.

Ligands, e.g. DOT A, TETA etc. now can easily be coupled to the peptide already
attached to the resin at the N-terminus. By this approach all functional side chain groups are
already protected, even cross-linking of two ore more peptides should be suppressed by the
quasi-high dilution condition present on peptide resins with a low capacity.

After labeling with the corresponding ligand, peptides are cleaved from the polymeric
support leading to reduced linear peptides. After purification of these peptides by RP-HPLC,
SST analogs like LAN now have to be oxidized, forming an intramolecular disulfide bond.
Subsequent purification by RP-HPLC or IEC gives the labeled peptide in high purity and good
yield.

Synthesis of DOTA-Lanreotide
Synthesis is performed using a solid phase peptide synthesizer (PSSM-8, Shimadzu JP).
To obtain the carboxamide functionality at the C-terminus directly, we use a polymeric

support with an anchor group (e.g. 2-FM(X>4-aminomethyl-2,4-dimethoxy-benzyl)-
phenoxyacetic acids, PAL). This anchor group (handle) provides an efficient and convenient
method for the preparation of peptide amides. The first amino acid will be attached to this
anchoring group by a standard amide bond, leading to a peptide-amide after cleavage from the
resin. Capacity of this support usually is 0.2 mmol/g resin.

Coupling reaction is performed using hydroxybenzotriazole/diisopropylcarbodiimide
(HOBt / DIC) in-situ active ester formation during a 30-50 min coupling time.

For the thiol-protection of Cys, either trityl- (Trt) or acetamidomethyl- (Acm) will be
used, depending on the procedure used for disulfide formation.

Tyr and Thr are O-tert. butyl- (OtBu), Lys is Ne-t-BOC protected. Cleavage of the
temporary FMOC-group is obtained using 30 % piperidine in DMF. After completion of
synthesis, cleavage from the resin is performed using a mixture of 95 % TFA together with a
mixture of scavengers (H2O, 1,2-ethandithiole, thioanisole). The cleavage mixture is filtered
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through a sintered glass funnel and the filtrate is reduced to a smaller volume before the peptide
is precipitated by adding diethylether to the ice-cooled solution. Repeated washing of the
precipitate with cold ether, followed by dissolving the peptide in aqueous solution and freeze-
drying gives the crude peptide as a white lyophilisate.

Purification of the crude peptide in reduced form is done using RP-HPLC with
appropriate gradient systems containing water/acetonitrile mixtures with TFA or acetic acid as
ion pairing agent. Pure fractions will be pooled and freeze-dried.

Disulfide Formation in Solution
Disulfide formation is performed using the standard procedure described by J. Rivier.

Highly diluted peptide solution in degassed aqueous solvent will be dropped slowly into a
stirred solution containing iodine. The pH of this solution should be adjusted between 7.5-8.0
by aqueous ammonia solution.

Formation of disulfide can be observed by HPLC retention time shift, mass spectrometry
or by labeling small samples with 4-vinylpyridine. This reagent reacts with thiols under
formation of a thioether derivative showing different retention time and UV absorbance in
HPLC. Disulfides do not undergo this reaction.

After completion of disulfide formation, the solution will be loaded on an ion-exchange
column, washed and eluted under acidic conditions. The freeze-dried product now will be
purified using RP-HPLC chromatography.

The final product now is characterized by HPLC analysis, mass-spectrometry, amino acid
analysis. (The overall yield for this procedure now is > 45 % ).

CONCLUSION

By this new procedure, better yields can be obtained (>45 % overall yield) than before.
Despite this result, some more work must be put into optimization of the DOTA-attachment
procedure. A certain amount of dimers can be observed formed by coupling one DOTA onto
two lanreotides. Also disulfide formation has to be optimized to increase overall yield
lowered by intermolecular dimer formation.

Clinical Studies on Various SSTAnalogs for Diagnosis
During our last study we have comparatively investigated the diagnostic capacity of the

novel SST analog 11 lln-DOTA-Lanreotide (LAN), as opposed to lllln-DTPA-dPhel-
Octreotide (OCT) and/or HlIn-DTPA-dPhel-Tyr3-Octreotide (TOCT) scintigraphy in 46
patients with neuroendocrine tumours. The scintigraphic results were also compared to
CT/MRI, endoscopy an/or surgery. Radiological imaging procedures evaluated in this study
were performed within 8 weeks from LAN scintigraphy and OCT/TOCT scintigraphy within
3-8 weeks.

Results

As opposed to radiology, in 17/46 patients additional tumour lesions were demonstrable
by either SST radioligand. Discordant scintigraphic results between LAN and OCT (higher
tumour uptake and/or visualization of different lesions in the same patient) were seen in 12/22
patients (in 4 patients LAN and in 7 patients OCT was superior), in 4/5 patients with neuro-
endocrine carcinoma LAN was superior to OCT. Discordant results between LAN and OCT
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scintigraphy were also found in 8/14 patients with other neuroendocrine tumours. When
comparing LAN and TOCT scintigraphy, in 7/10 patients TOCT was superior to LAN and in
1/10 patients LAN was superior to TOCT. ln-vitro receptor evaluation in tumour samples
from neuroendocrine tumours indicated the presence of various SSTR subtypes.

CONCLUSION

In 50% of patients with neuroendocrine tumours a significant difference in the uptake of
LAN as opposed to OCT and TOCT scintigraphy is evident, most probably based on
variations of SST receptor expression and/or binding profile.

REFERENCES

1. I.Virgolini, A.Kurtaran, P.Smith-Jones, E.Havlik, T.Traub, M.Leimer, S.Ofluoglu,
F.Andreae, R.Raderer, P.Angelberger, A.Becherer, B.Niederle, K.Kletter,W.Schima,
R.Dudczak; Comparative In-lll-Dota-Lanreotide(LAN), In-111-DTPA-D-Phe-l-
Octreotide (OCT), In-lll-Dota-Tyr-3-Octreotide (TOCT) and F-18-FDG-PET in
neuroendocrine tumour patients; Europ. J.Nuclear Medicine, 1999, 26/9, 1156.

2. E.Halvadjieva, P.Angelberger, F.Andreae, T.Traub, S.Ofluoglu, A.Kurtaran, E.Havlik,
R.Dudczak, I.Virgolini; Comparative In-lll-Dota-Lanreotide(LAN) and In-111-Dota-
Tyr-3-Octreotide (TOCT) Scintigraphy: Biodistribution and radiation absorbed dose;
Europ. J.Nuclear Medicine, 1999, 26/9, 1190.

3. F. Andreae, C. Bischof, M. Leimer, P. Angelberger, I. Virgolini; Tc-99m labeled
Insulin-like growth factor-I (IGF-I): Chemical synthesis, radiolabeling and in vitro
binding; Europ. J.Nuclear Medicine, 1999, 26/9, 1000.

4. M. Raderer; T. Pangerl, G. Hamilton, G. Kornek, M. Hejna, A. Kurtaran, W.
Scheithauer; I. VirgoUni; Somatostatin Receptor Subtype Expression in Pancreatic
Cancer in-Vitro and In-Vivo. J.Nuclear Medicine, 1999, 26/9, 1026.

5. T. Traub, V. Petkov, C. Brunner, A. Kurtaran, S. Ofluoglu, E. Havlik, M. Leimer, P.
Angelberger, M. Raderer, R. Duczak, I. VirgoUni; In-111 DOTA-Lanreotide ( In-111-
Mauritius): A novell tracer for patients with lung tumours; J.Nuclear Medicine, 1999,
26/9, 1036.

6. J. Rivier et al; Solid-phase synthesis of somatostatin and glucagon-selective analogs in
gram quantities. Biopolymers,1978,17,1927.

Description of Future Tasks

1. Optimize the synthetic routes for the preparation of SST analogs. This synthetic part
includes peptide synthesis, disulfide formation and purification of named peptides.

2. Characterize the physico-chemical properties of these tracer molecules by mass-
spectrometry, amino-acid analysis, CD, elemental analysis, and counter-ion and net peptide
content determination.

3. Perform stability testings of these tracer molecules.
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4. Optimize the labeling conditions for 99m Tc and 188Re, using cold Rhenium-185 as a
nonradioactive cation. Furthermore we want to characterize this complexes.

5. Test these analogs for their in vitro binding abilities towards VIP/SST subtype receptors
using biochemical techniques.

6. Attempt labeling of these peptide analogs with 188Re and perform comparative in vitro
binding studies with the Re-labeled peptides. These studies should evaluate the possibility
of using a 188Re-labeled compound for therapeutic use in human.

Addendum

During the last meeting in Mumbai, some groups reported some problems during the
preparation of DOTA-Lanreotide starting from lanreotide. For preparation of this tracer
molecule some knowledge in peptide chemistry and analytical techniques are necessary.

piCHEM R&D, which is the supplier for lanreotide, has offered to supply a detailed
CMC protocol for the preparation of DOT A - Lanreotide starting from lanreotide.

Also all intermediates like LAN (BOC) will be characterized and analytical methods for
determination of all intermediates and final products will be provided.
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