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1,4,7,10-tetraa2acyclododecane-N,N',N",N'"-tetraaceticacid(DOTA)-

lanreotide is a universal somatostatin (SST) receptor subtype ligand
that binds to a large variety of human tumors. We report the case of
a patient with metastatic gastrinoma who was treated with ^-DOTA-
lanreotide. Before treatment, dosimetry with 111ln-DOTA-lanreotide

(150 MBq, 10 nmol) indicated a dose of 5.8 mGy/MBq for the
recurrent abdominal gastrinoma, and a mean dose of =1.0 mGy/MBq
for liver mÃ©tastases(i.e., 56 and =10 mGy/MBq for ^-DOTA-
lanreotide, respectively). After four infusions of ^-DOTA-lanreotide
(each 1 GBq, 30 nmol) over a 6-mo period, the 111ln-DOTA-

lanreotide scintigraphy of the liver had returned to a nearly normal
condition and a remarkably decreased uptake by the recurrent gas-
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trinoma was calculated (Â«=5mGy/MBq for ^-DOTA-lanreotide). The
imaging results were well-correlated with a 25% regression of the liver
mÃ©tastasesas indicated by CT. Blood, urine and whole-body clear
ances of1111n-DOTA-lanreotide and ^-DOTA-lanreotide were very
similar. The DOTA-lanreotide promises to be useful for functional
tumor diagnosis (1111n-DOTA-lanreotide)and receptor-mediated tu
mor radiotherapy (^-DOTA-lanreotide).

Key Words: DOTA-lanreotide;somatostatin receptor; tumor radio

therapy; gastrinoma
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Thelie overexpression of peptide receptors (R) on human tumor
cells compared with normal tissues and cells has provided the
basis for the successful use of radiolabeled somatostatin (SST)
analogs for tumor targeting (1-3). Some peptide tracers have
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been shown to be effective not only in the diagnosing and
staging of tumors and their mÃ©tastases,but also in the initial
efforts implemented for these peptides to prove the concept of
receptor-mediated radiotherapy by using large amounts of the
diagnostic compound ' "in-diethylenetriamine pentaacetic acid-
D-Phe'-octreotide (OCT) (3).

Recently, we have developed the novel hSSTR-recognizing
ligand l,4,7,10-tetraazacyclododecane-N,N',N",N"'-tetraacetic

acid (DOTA)-lanreotide (4). This compound binds to all known
hSSTR as well as to a variety of primary and immortalized
tumor cells (4), which have been shown to express one or the
other hSSTR subtype (5). Scintigraphy with '"in-DOTA-

lanreotide has already indicated a high tumor accumulation (i.e.,
0.4-5 mGy/MBq) of this novel agent in patients with different

tumor types (6). In particular, in patients with neuroendocrine
tumors, the tumor accumulation of ' ' 'in-DOTA-lanreotide was
significantly higher compared with '"in-OCT (6-8). Further

more, as opposed to experimental radionuclide therapy with
monoclonal antibodies that have already entered the clinic, the
radiolabeled DOTA-lanreotide peptide is not only well-defined
with respect to its specific receptor-binding properties (4), but
it also clears rapidly from circulation after intravenous injection
(6). Here we report on the first radiotherapy performed with
90Y-DOTA-lanreotide in a patient with metastatic gastrinoma.

CASE REPORT AND RESULTS
In 1987, a 48-yr-old man had surgery performed on an acute

abdomen that had evolved by perforation of an atypical ulcer of the
duodenojejunal flexure. Despite postsurgical inconspicuous gas-
troscopy, the patient suffered from recurring periods of epigastric
pain. The pain was resistant to antacids and histamine receptor-
blocking agents. In 1989, a peptic gastric ulcer was detected, and
because of the rise in plasma gastrin (370 pg/ml, normal 25-115
pg/ml) and the pathological secretin test (after 5 min, 1400 pg/ml),
Zollinger-Ellison syndrome was diagnosed. An abdominal CT
showed a tumor in the pancreatic head. The tumor, measuring 2 cm
in diameter, was then enucleated from the uncinate process and all
visible lymph nodes were extirpated. Pathohistology indicated a
malignant gastrin and pancreatic polypeptide-producing islet cell
tumor with two lymph node mÃ©tastases.The multiple endocrine
neoplasia syndrome 1 was excluded biochemically. Follow-up
examinations were normal until 1994.

In July 1995, an increased gastrin level (66,000 pg/ml) was
measured. CT of the abdomen revealed two liver mÃ©tastases
(approximately 3 cm in diameter) in segments VII and VIII and
recurrence of the gastrinoma dorsal of the pancreatic head (2 cm in
diameter). The patient was free of clinical symptoms under therapy
with proton pump inhibitors and refused any further intervention.

In May 1997, the liver mÃ©tastaseshad increased to more than
seven large, highly vascularized formations in segments IV, V, VII
and VIII and measured up to 3 cm in diameter. Despite remarkably
elevated serum gastrin values, very high serum triglycÃ©ridelevels
were measured during the whole course of the disease (up to 1780
mg/dl). Gastrin values were 86,000 pg/ml in April 1996, increased
to 120,000 pg/ml in December 1996 and remained persistently high
thereafter.

Because of the extrahepatic tumor mass, experimental radiother
apy with 90Y-DOTA-lanreotide as an alternative therapeutic ap

proach to embolization was considered. The patient was referred
for evaluation of the tumor dosage using "'In-DOTA-lanreotide

dosimetry as described by Virgolini et al. (6). The application of
"'In-DOTA-lanreotide for diagnostic scintigraphy, as well as of
90Y-DOTA-lanreotide for radiotherapy to patients, was approved

by the Ethical Committee of the Medical Faculty of the University
of Vienna. Synthesis and radiolabeling of DOTA-lanreotide are

described by Smith-Jones et al. (4) and Virgolini et al. (6). The
dosimetry protocol included whole-body gamma camera imaging
as well as blood, urine and feces collections over 72 hr and is
detailed by Virgolini et al. (6). The specific activity was 20
MBq/nmol ' " In-DOTA-lanreotide and 40 MBq/nmol ""Y-DOTA-

lanreotide.
Indium-111-DOTA-lanreotide was administered as a single in

travenous bolus injection in 3 ml 0.9% NaCl solution (150 MBq,
10 nmol peptide). Planar and SPECT acquisitions were performed
with a Picker PRISM 1000 gamma camera (Picker, Bedford
Heights, OH) equipped with a medium energy collimator. At the
time of ' " In-DOTA-lanreotide injection, the field of view covered

the upper abdomen. The radiation of both photopeaks ( 173 keV and
247 keV) with settings of windows at 20% were used. Sequential
images were recorded over 30 min (matrix 128 X 128 pixels).
Serial whole-body acquisitions were then recorded in anterior and
posterior views (matrix 256 X 1024, 15 min each) at 0.5, 3, 6, 24,
48 and 72 hr postinjection. SPECT was performed in a 360Â°circle
in 6Â°steps, 30 sec per step. SPECT data were reconstructed using

a LOP filter (cutoff frequency 10%) and postfiltered using a ramp
filter (slice thickness, 4 mm). For calculation of the tumor and
organ dosages, regions of interest (ROIs) were drawn on every
whole-body scintigram at each time point. The mean of the anterior
and posterior counts was calculated for ROIs of the recurrent
abdominal gastrinoma, three liver mÃ©tastases,normal liver, spleen,
kidneys and urinary bladder, as well as of background regions,
using the software written for the Picker analyzing system. Organ
dose calculation was performed on the basis of the MIRD (Medical
Internal Radiation Dose) concept (9). The anteroposterior and
posteroanterior ROI counts were added and the background activ
ity subtracted. The data were subjected to decay correlation back to
the time of injection and expressed as percentage injected dose
based on the initial whole-body scan (i.e., 100%). Time-activity
curves were then constructed and the biological half-lives and
initial accumulation estimated. These data were used to determine
the residence time for radioactivity in tumors, various organs and
the whole body. CT tumor volume was calculated by measuring the
extensions of the largest lesions in three planes (Phillips SR7000
spiral CT [Phillips Medical System International, BV Eindoven,
the Netherlands], 10-mm slice thickness, 10-mm table speed. 5-mm
reconstruction).

Significant accumulations of ' "In-DOTA-lanreotide were in the

liver mÃ©tastasesand also in the recurrent abdominal tumor mass
(Fig. 1A). The calculated tumor dose amounted to 5.8 mGy/MBq
for the recurrent gastrinoma and ranged between 0.44 and 1.95
mGy/MBq for the liver mÃ©tastases.The doses to the kidneys,
spleen, liver, urinary bladder and the bone marrow as well as the
effective dose are depicted in Table 1.

On the basis of the high tumor accumulation, radiotherapy with
90Y-DOTA-lanreotide was initiated in June 1997. An 1 GBq dose
of 90Y-DOTA-lanreotide (30 nmol peptide) was infused intrave

nously in 500 ml 0.9% saline solution over 0.5 hr. Blood and
urinary samples were gathered over 72 hr postinjection. Whole-
body measurements were also performed by counting the Brems
strahlung radiation with a whole-body scanner. Application of the
labeled peptide was well tolerated without any subjective side
effects. However, an effect on peripheral blood cells was observed
within the 24-hr postinfusion period (Grade 1 toxicity according to
World Health Organization standard criteria, i.e., leukocytes
dropped from 6.4 G/liter to 3.7 G/liter and erythrocytes from 4.2
T/liter to 3.5 T/liter), but had normalized at 3 days after infusion,
and then remained stable. The differential blood count revealed the
presence of lymphocytopenia (0.8 G/liter), whereas the other
leukocyte subpopulations were not affected (neutrophils 2.6 G/li
ter, monocytes 0.1 G/liter, eosinophils 0.1 G/liter). The compara-
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FIGURE 1. Sequential anterior study of
111ln-DOTA-lanreotide (-150 MBq) be

fore (A) and after (B) four cycles of treat
ment with ^-DOTA. Time span be

tween both scintigraphs was 6 mo.

live blood clearances (Fig. 2) and urinary clearances (Fig. 3) for
'"in- and 90Y-DOTA-lanreotide in this patient were comparable

up to 72 hr postinjection.
Another dose of''"Y-DOTA-lanreotide (1 GBq) was adminis

tered in July 1997. CT follow-up in August 1997 indicated a stable
tumor disease. A second dosimetry study with ' ' ' In-DOTA-

lanreotide was performed in September 1997. Compared with the
first dosimetry study, a slightly decreasing tumor dose was calcu
lated for all tumor lesions (Table 1). Another two treatment doses
of ""'Y-DOTA-lanreotide, each 1 GBq, were administered in

September and October 1997. Also, these two treatments were well
tolerated by the patient, and again a clinically insignificant drop in
the peripheral leukocyte cell count was observed during the first
24-hr postinjection period, reaching initial values within 3 days.

In November 1997 a third diagnostic scintigraphy study with
'"in-DOTA-lanreotide was performed. During sequential scan

ning, no tumor uptake could be identified with certainty (Fig. IB).
The SPECT study disclosed the presence of the abdominal recur
rent tumor in the area of the pancreatic head and heterogeneous
liver uptake, but no focal liver accumulation, as visualized before
the first treatment cycle. By dosimetry obtained from ROIs
identical to those applied for the first and second '"In-DOTA-

lanreotide whole-body scans, a dose of =0.5 mGy/MBq was
calculated for the abdominal gastrinoma. However, the calculable
dose for the liver mÃ©tastaseswas =0.15 mGy/MBq and was similar
to the dose calculated for the normal liver (0.1 mGy/MBq).
Furthermore, the doses for the spleen, kidneys, urinary bladder and
bone marrow were similar to those before treatment. The effective

r r
dose determined for the third ' ' ' In-DOTA-lanreotide scintigraphy

study was slightly reduced and reflected a faster whole-body
clearance of radioactivity.

CT results from November 1997 indicated a decrease in overall
tumor mass (25%), along with marked necrotic changes and
devascularization of most liver lesions (Fig. 4). For the three
largest liver mÃ©tastases,the following tumor volume was calcu
lated: liver metastasis 1 decreased from 70.3 mm3 (on 5/22/97) to
49.2 mm3 (on 11/20/97), liver metastasis 2 decreased from 58.3
mm3 (5/22/97) to 42.3 mm3 (11/20/97) and liver metastasis 3
decreased from 5.5 mm3 (5/22/97) to 4.1 mm3 (11/20/97).

The patient reported an improved quality of life and weight gain
of 4 kg. Despite the clinical improvement, the gastrin levels in
January 1998 were 86,000 pg/ml, along with persistently excessive
hypertriglyceridemia (>700 mg/dl).

DISCUSSION
This is the first report of the therapeutic application of

90Y-DOTA-lanreotide in a patient who had advanced gastri
noma. After four treatment cycles with 9()Y-DOTA-lanreotide,
liver mÃ©tastaseshad remarkably decreased and the patient's

quality of life improved.
The concept of peptide receptor-mediated radiotherapy is a

novel approach to anticancer treatment, and there is only limited
information concerning its use in clinical oncology. Promising
preliminary data have been obtained with high doses of " ' In-

OCT in patients with neuroendocrine tumors and lymphomas
(3). The capability of '"In-DOTA-lanreotide to visualize

TABLE 1
Organ Doses Calculated From 111ln-DOTA-Lanreotide Scintigraphy

Organ First dosimetry 4/22/97 Second dosimetry 9/16/97

111)n 90y

Third dosimetry 11/18/97

RecurrentgastrinomaLiver
metastasis1Liver
metastasis2Liver
metastasis3KidneysLiverSpleenUrinary

bladderBone
marrowEffective

dose5.800.440.621.950.250.110.280.180.070.09564.25.818.82.430.592.651.420.290.493.60.390.380.760.210.110.320.180.060.09584.74.610.82.000.623.351.410.290.51=0.5Â«=0.15-0.17n.c.0.210.100.236.170.050.08-5-1=1.5n.c.1.980.571.681.420.250.44

All values are given in mGy/MBq; n.c. = not calculable due to poor tumor-to-background ratio.
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FIGURE 2. Comparative blood kinetics of 111ln-DOTA-lanreotide(150 MBq,
n = 3) and 90Y-DOTA-lanreotide (~1 GBq, n = 4).

tumors of neuroendocrine origin, as well as adenocarcinomas
and lymphomas, has already been outlined, along with biodis-
tribution, safety and tumor doses (6). On the basis of the
biodistribution data of ' ' 'in-DOTA-lanreotide and the resultant
predicted dosimetry of 90Y-DOTA-lanreotide, we applied the

radiotherapeutic agent to this patient with gastrinoma.
This case shows that "'In-DOTA-lanreotide and 90Y-

DOTA-lanreotide have very similar blood, urine and whole-
body clearance rates. The comparative blood clearances for
"'in- and 90Y-DOTA-lanreotide in this patient were initially

different because of the different mode of application (bolus
injection versus infusion over 0.5 hr), but at later time points
(>15 min), they were comparable (Fig. 2). Also, a comparable
urinary clearance was observed for '"in- and 90Y-DOTA-

lanreotide (Fig. 3). Furthermore, previous studies have shown
that both tracers also exhibit an identical in vitro binding
behavior (4). These observations altogether provide the basis
for using "'In-DOTA-lanreotide to monitor tumor patients
undergoing treatment with 90Y-DOTA-lanreotide.

Whereas, after two treatment cycles with 90Y-DOTA-lan-

reotide (cumulative dose, 2 GBq), a stable disease was observed
by CT and measurable tumor response was demonstrable after
four treatment cycles (cumulative dose, 4 GBq). The treatment
effect could be seen by repeated scintigraphy showing de
creased accumulation of '"In-DOTA-lanreotide. This imaging

-O-Y-90 DOTA-lanreotide urinary clearance
â€”Whole body V-90 DOTA-lanreotide clearance

â€”Dâ€”ln-111 DOTA-lanreotide urinary clearance

â€¢ Whole body ln-111 DOTA-lanreotide clearance

20 40 60

time post application (hours)

FIGURE 3. Comparative urinary excretion and whole-body clearance of
111ln-DOTA-lanreotide (150 MBq) and ^-DOTA-lanreotide (~1 GBq).

result can be interpreted on the basis of tumor cell necrosis after
treatment, after a cumulative tumor radiation dose of 25-200
Gy given over a 6-mo period. The possibility of down-
regulation of SSTR expression on the tumor cells seems
unlikely because the peptide doses applied were very low, and
the time span between treatments and scintigraphs was approx
imately 1 mo. Furthermore, the selective killing of SSTR-
positive cells within the tumor mass is unlikely because of the
long beta range of 90Y-DOTA-lanreotide and the homogeneous

radiation dose distribution (9). Because of the overall reduction
of the tumor size after the treatment cycles with 90Y-DOTA-

lanreotide, growth of SSTR-negative cell population also seems
unlikely. The 24-hr drop in leukocytes is unusual when com
pared with 90Y-labeled antibodies used for treatment, which

normally results in a delayed bone marrow depression (JO).
However, in this patient an effect was only observed on the
lymphocyte subpopulation, while the other subtypes remained
within normal range. Therefore, one cannot rule out direct
interaction between our 90Y-labeled substance and SSTR-

expressing circulating lymphocytes (11).
Gastroenteropancreatic tumors exhibit functional features

connected to regulatory and secretory events in the enterochro-
maffin-like cells present in these malignancies (72). Significant
formation of hormonally active peptides, including gastrin,
occurs in carcinomas derived from these cells. HypersÃ©crÃ©tion
of gastrin in enterochromaffin-like cells can be inhibited by
SST and its long-acting analogs (13,14). One also would have
expected a biochemical response to 90Y-DOTA-lanreotide

treatment in this patient with gastrinoma. However, tremen
dously increased serum gastrin values were found during the
course of the disease, which were still highly elevated after the
fourth treatment cycle. This again may be associated with tumor
cell necrosis and increased gastrin secretion from damaged
tumor cells (75) and indicates the presence of hormonally
active disease. We believe that in this patient the gastrin values
are not representative because of excessive hypertriglyceride-
mia. The possible effects of triglycÃ©rideson gastrin release in
animal studies have been discussed previously (16). The gastrin
values measured in this patient (dilution series) were propor
tional to the triglycÃ©ridevalues and were therefore regarded not
to be reliable to demonstrate tumor response (a regression
analysis indicated r = 0.58 and p = 0.034 between serum

gastrin and triglycÃ©ridesvalues).
Although gastrinomas are usually characterized by slow

growth, curative treatment is difficult in patients with metastatic
disease (77). Surgical and medical interventions proved to have
low curative rates, however, may palliatively improve the
clinical symptoms. This case now presents a new therapeutic
approach for the clinical management of patients with metas-
tasized SSTR-expressing gastrinomas. However, a variety of
questions concerning the experimental peptide receptor radio
therapy using 90Y-DOTA-lanreotide or other SSTR analogs

cannot be answered at the present time. A greater number of
studies is warranted to further evaluate the optimal dose
regimen, treatment duration, monitoring process or concomitant
treatment possibilities.

CONCLUSION
We conclude that receptor-mediated radiotherapy using the

novel SSTR tracer 90Y-DOTA-lanreotide may present an alter

native approach for the treatment of advanced SSTR-expressing
tumors. Repeated scintigraphies using ' ' ' In-DOTA-lanreotide

may be used to monitor the response of the disease toward
treatment with the radioligand.
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FIGURE 4. CT of liver and abdomen before (A) and after (B) four treatment cycles with ^-DOTA-lanreotide.
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