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Imaging with radiolabeled somatostatin/vasoactive intestinal peptide
analogs has recently been established for the localization diagnosis of
a variety of human tumors including neuroendocrine tumors, intestinal
adenocarcinomas and lymphomas. This study reports on the biodis-
tribution, safety and radiation absorbed dose of 111ln-1,4,7,10-tet-
raazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA)-lanreotide,

a novel peptide tracer, which identifies hSST receptor (R)subtypes 2
through 5 with high affinity, and hSSTRI with low affinity. Methods:
The tumor localizing capacity of 1111n-DOTA-lanreotidewas initially

investigated in 10 patients (3 lymphomas, 5 carcinoids and 2 intestinal
adenocarcinomas). lndium-111 -DOTA-lanreotide was then adminis
tered to 14 cancer patients evaluated for possible radiotherapy with
90Y-DOTA-lanreotide (8 neuroendocrine tumors, 4 intestinal adeno

carcinomas, 1 Hodgkin lymphoma and 1 prostate cancer). After
intravenous administration of1111n-DOTA-lanreotide (=150 MBq; 10
nmol/patient), sequential images over one-known tumor site were
recorded during the initial 30 min after peptide application. Thereafter,
whole-body images were acquired in anterior and posterior views up
to 72 hr postinjection. Dosimetry calculations were performed on the
basis of scintigraphic data, urine, feces and blood activities. A com
parison with 111ln-DTPA-D-Phe1-octreotide (111ln-OCT)scintigraphy

was performed in 8 of the patients. Results: After an initial rapid blood
clearance [results of biexponential fits: Teff10.4 min (fraction a., 80%)
and Teff213 min (fraction a2 14%)], the radioactivity was excreted into
the urine and amounted to 42% Â±3% of the injected dose (%ID)
within 24 hr and 62% Â±6%ID within 72 hr after injection of 111ln-
DOTA-lanreotide. In all patients, tumor sites were visualized during the
initial minutes after injection of 111ln-DOTA-lanreotide. The mean
radiation absorbed dose amounted to 1.2 (range 0.21-5.8) mGy/MBq
for primary tumors and/or mÃ©tastases.The effective half-lives of
l11ln-DOTA-lanreotide in the tumors were Teff14.9 Â±2.2 and Teff2

37.6 Â±6.6 hr, and the mean residence time Twas 1.8 hr. The highest
radiation absorbed doses were calculated for the spleen (0.39 Â±0.13
mGy/MBq), kidneys (0.34 Â±0.08 mGy/MBq), urinary bladder (0.21 Â±
0.03 mGy/MBq) and liver (0.16 Â±0.04 mGy/MBq). The effective dose
was 0.11 Â±0.01 (range 0.09-0.12) mSv/MBq. During the observation
period of 72 hr, no side effects were noted after 1111n-DGTA-lan-
reotide application. The 1111n-DOTA-lanreotide radiation absorbed

tumor dose was signifcantly higher (ratio 2.25 Â±0.60, p < 0.01) when
directly compared with 111ln-OCT.Conclusion: lndium-111-DOTA-

lanreotide shows a high tumor uptake for a variety of different
human tumor types, has a favorable dosimetry over1111n-OCT and

is clinically safe.
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In the last few years increasing efforts have been undertaken to
introduce peptide receptor (R)-specific radioligands including
somatostatin (SST) analogs (/-5) and vasoactive intestinal
peptide (VIP) (6-9) for in vivo application in tumor patients.

Based on higher amounts of SSTR/VIPR on tumor cells when
compared with normal tissues, some of these radioligands have
been used successfully for tumor localization diagnosis in
nuclear medicine (1,4,7). Furthermore, initial results using high
amounts of '"in-DTPA-D-Phe'-octreotide ('"in-OCT) have

indicated a significant therapeutic potential for patients with
SSTR expressing tumors (10,11).

The molecular basis for the interaction of labeled SST
analogs, or of VIP, with the cell surface is provided by receptor
proteins. In recent years, at least five distinct hSSTRs have been
characterized and have been cloned (12-18). However, the

expression of the tumor hSSTR subtypes is not yet well
understood (19). The current data suggest that at least one, or
any combination of hSSTR subtypes, can be present in a human
tumor. Whereas neuroendocrine tumors seem to predominantly
express hSSTR2 (20), intestinal adenocarcinomas and a variety
of other tumor types seem to overexpress mainly hSSTR3
and/or hSSTR4 (19,21). A significant clinical potential has
recently been implicated by the observation that radioiodinated
VIP, which visualizes intestinal adenocarcinomas (7), binds to
hSSTR3 with high affinity (22) since hSSTR3 seems to be the
site of cross-competition between SST-14 and VIP (23).

We hypothesized that a hSSTR analog, which identifies all
hSSTR subtypes would be most useful for the diagnosis and
treatment of cancer. Our approach identified a lanreotide-based
peptide (i.e., 1,4,7,10-tetraazacyclododecane-N,N',N",N'"-tet-

raacetic acid (DOTA)-lanreotide), which, when labeled with
1"In or 90Y, binds to hSSTR2 through 5 with high affinity (i.e.,

dissociation constant Kd 1-10 nM) and to hSSTRI with low
affinity (Kd = 200 nM) (24). Furthermore, the binding behavior
of DOTA-lanreotide is distinct from its unlabeled mother
substance "lanreotide," and is also distinct from all other

commercially known SST peptide analogs (24). In particular, in
contrast to DOTA-lanreotide and lanreotide, octroetide-based

ligands do not bind with high affinity to hSSTR4, they only
bind with moderate affinity to hSSTR3 and do not bind to
hSSTRI at all (19,24). Since hSSTRs are expressed by virtually
all human tumors (19), and DOTA-lanreotide was found to bind
to all transfected hSSTR subtypes, as well as to a large variety
of primary human tumors and tumor cell lines, we have
proposed this peptide to be useful to image all human tumors
expressing hSSTR, i.e., virtually all human tumors. In this
article, we report on the in vivo tumor localizing capacity of
' "in-DOTA-lanreotide in 24 patients, as well as its safety, and
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the detailed radiation absorbed dose estimates for 14 patients
before therapy with 90Y-DOTA-lanreotide.

MATERIALS AND METHODS
Radiopharmaceutical Preparation of lndium-111-
DOTA-Lanreotide

DOTA-lanreotide was synthesized using the commercially avail
able lanreotide (Somatuline*, D-ÃŸNal-Cys-Tyr-D-Trp-Lys-Val-

Cys-Thr-NH2) and DOTA as starting materials (24). Briefly, after
conjugation, the product, [DOTA-(D)-Nal']-lanreotide, was purified
on a CIS reverse phase, high-performance liquid cnromatography
(HPLC) column using a water/acetonitrile/0.l% trifluoroacetic acid
solvent system. A second HPLC purification using water/acetoni-
trile/1% acetic acid yielded the pure compound as an acetate salt
[purity: 97% (RP18-HPLC), MS: MNa+: 1504 (FAB)]. The conjugate
(DOTA-lanreotide) was radiolabeled with ' "lnCl3 (Nordion, Ontario,

Canada, no carrier added, >1850 MBq/ml in 0.05 M HC1). Quality
control of the radiolabeled DOTA-lanreotide was performed with
instant thin-layer cnromatography (TLC), using a mobile phase of 4
mM ethylenediaminetetraacetic acid (pH 4.0). In this instant TLC
system, the peptide-bound activity remains at the origin and the
previously uncomplexed radiometal moves with the solvent front as an
EDTA complex. The radiolabeled conjugate was then formulated in
0.075 MNaCl, 0.05 A/NH4OAc, 0.2 M ascorbic acid and 0.1% human
serum albumin before sterilization by filtration through a sterile Millex
GV 0.2 mm membrane (Millipore, Milford, MA). A specific activity
of about 20 MBq/nmol was achieved for " ' In-DOTA-lanreotide.

Patients
The application of ulIn-DOTA-lanreotide (as well as of 90Y-

DOTA-lanreotide) to patients for tumor diagnosis and tumor
therapy was approved by the Ethical Committee of the medical
faculty of the University of Vienna. All patients gave written
informed consent to participate. The study was performed accord
ing to the Declaration of Helsinki.

In initial applications, the feasibility of "'In-DOTA-lanreotide

to visualize human tumors was studied in 5 carcinoid tumor
patients, 3 patients with lymphomas (2 non-Hodgkin's lymphomas
and 1 Hodgkin's lymphoma) and in 2 patients with intestinal

adenocarcinomas (1 pancreatic adenocarcinoma, 1 colorectal ade-
nocarcinoma).

After this initial pilot series, with an additional 14 patients,
whole-body biodistribution and dosimetry of '" In-DOTA-lan

reotide were evaluated (Table 1). These patients were all refracto-
ry-to-conventional treatment strategies and were referred for po
tential treatment with 9(>Y-DOTA-lanreotide. Eight patients had

neuroendocrine tumors (6 carcinoids, 1 gastrinoma, 1 pheochro-
mocytoma), 1 patient had a Hodgkin's lymphoma, 4 intestinal

adenocarcinomas (2 colorectal, 2 pancreatic), and 1 patient had an
adenocarcinoma of the prostate. In all patients, diagnoses and
stages of the disease were established according to World Health
Organization criteria. The location and size of primary tumors
and/or spread of mÃ©tastaseswere investigated by conventional CT
or MRI, radiography, colonoscopy or surgery. All patients receiv
ing treatment with long-acting SST analogs had to be withdrawn
for at least 7 days before the dosimetry study. In one patient,
(Patient 11) treatment with octreotide was withrawn only 3 days
before the scintigraphic study.

Gamma Camera Acquisition
Indium-111-DOTA-lanreotide was administered as a single in

travenous bolus injection (=Â«150MBq; 7 nmol DOTA-lanreotide/

patient). To record potential side effects, patients were monitored
for vital signs and were asked up to the 72 hr whole-body scan to
report any side effects.

Standard techniques were applied for recording and visualiza

tion. Planar and SPECT acquisitions were performed with a Picker
PRISM 1000 (Toshiba, Japan) gamma camera equipped with a
medium-energy collimator. At the time of "'In-DOTA-lanreotide

injection, the field of view covered a clinically-known tumor
location (i.e., the collimatore were placed either over abdomen or
thorax). The radiation of both energy peaks ( 173 keV and 247 keV)
with settings of windows of 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 poste
rior views (matrix 256 X 1024, 15 min each) at 0.5-1, 2-4, 6-8,
24, 48 and 72 hr postinjection. In 4 patients, an additional 96-hr
whole-body scan was acquired. SPECT and planar acquisitions
(matrix 128 X 128, 500 kcts preset) were performed usually
following the 2-4 or 24 hr whole-body scan. SPECT was per
formed in a 360Â°circle in 6Â°steps, 30 sec per step. Ramp filtered
backprojection and three-dimensional, low-pass postfiltering were
performed. All scans were reconstructed in three projections and
were viewed by two independent nuclear medicine physicians
using a simple yes- or-no evaluation system to evaluate tumors or
mÃ©tastasesas visualized by gamma camera imaging.

Blood, Urine and Feces Collections
Blood samples were collected directly before injection and after

1,5, 15, 30, 60 min and 2, 4, 8 and 24, 48 and 72 hr postinjection.
Urine was collected up to 72 hr after the injection of ' " In-DOTA-

lanreotide, and the volumes and voiding time noted by the patient.
In 9 patients, feces was collected over a period of 72 hr.

A sample of the blood, urine or feces was counted in a
callibrated automatic gamma counter (Packard, 5000 series, Chi
cago, IL) and expressed as becquerels per milliliter. The counting
efficiency of the system was determined by counting a calibrated
source of '"in with same geometry to that of the samples.

Radioactivity measurements were corrected for the physical decay
of "'in. Radioactivity in the urine or feces was multiplied by the

uriÃ±e/fecesvolume and the radioactivity in the samples expressed
as percent of the injected '" In-DOTA-lanreotide dose. The chem

ical form of the urine radioactivity was analyzed by C18 reverse
phase HPLC column using a water/acetonitrile/0.1% trifluoroacetic
acid solvent system.

Absorbed Dose Calculations
Regions of interest (ROls) were drawn on every whole-body

scintigram at each time point. The mean of anterior and posterior
counts was calculated for large ROIs of the liver, spleen, kidneys
and urinary bladder. In addition, ROIs were drawn for all tracer
accumulations regarded as tumor sites and background regions
using the software written for the Picker analyzing system. All
gamma camera data were background and decay corrected back to
the time of injection. Mono- or biexponential time-activity curves
were fitted. The residence times were determined by using this data
and the respective half-lives of " 'in or 90Y. The derived residence

times, as well as the data of the urinary and fecal measurements,
were used for organ dose calculation on the basis of the Medical
Internal Radiation Dose (MIRD) concept (25). Absorbed organ
doses were calculated by applying the MIRDOSE3 software (26).
For tumor doses, the "Nodule Module" option of the program for

estimating the self-S values of spherical tumors were applied. If a
tumor mass was within an organ of considerable activity accumu
lation such as the liver, a mass-dependent background correction
was necessary. Concerning the tumor doses for WY-DOTA-

lanreotide, the fractions of absorbed dose from beta radiation of the
surrounding tissue were estimated by using dose profile calcula
tions. However, this contribution to the tumor dose was significant
only for small tumors < 5 g. '

The effective dose, as defined by the International Commission
on Radiological Protection, was also calculated (27).
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TABLE 1
Patient Diagnoses and lndium-IH-DOTA-LanreotideA'ttrium-90-DOTA-Lanreotide Tumor Kinetics and Radiation Dose

Tumor dose of DOTA lanreotide

Patient
no.123456SexMMFMFF,

MAge675752667136Histological

diagnosisLung

carcinoidProstate
adenocarcinomaLNN
mÃ©tastasesColonie
adenocarcinoma"Liver

metastasisLiver
mÃ©tastasesRecurrent

lungcarcinoidLiver
mÃ©tastasesPancreatic
adenocarcinomaLiver
metastasisHodgkin's

lymphomaMass

(9)1616014350342PrevioustreatmentS,

E,OCTCHT,
RTS,

CHTS,

OCTES,

CUTCHT,

BMT,RTal

a2 Ta,,,Tg^(%)

(%) (hr)(hr)0.21

360.34

2.44 4.5490.26

0.47 5.0384.1
3.2 5.0380.11
0.4 2.742Scintigraphy

positive,butScintigraphy
negative0.31

- 37T

'broli(hr)

(hr)0.111.750.282.00.24dosimetry0.17-4.85.43.72.8111ln
Tbio,2 (mGy/MBq)
(hr)(calculated)8220893931180.260.580.640.262.14Â«V(mGy/MBqO(calculated)55.59.24.134.5not

performed-870.8314

7 F

8 M

9 M

10 F

11 M

12 F

13 M

14 F

LNN mÃ©tastases 22 - 1.5 - 25 0.54 - 41
Bone marrow mÃ©tastases 11 - 0.45 - 36 0.23 - 82

57 Colonie adenocarcinoma* S, CHT

Liver metastasis 65 E - 1.7 - 24 0.6 - 38

Liver mÃ©tastases 200 0.21 8.1 6 33 3.8 6.6 68
49 Recurrent gastrinoma 4.2 S 0.28 0.74 9 35 0.41 10.5 77

Uver mÃ©tastases 25 0.28 0.27 7 38 0.18 7.9 93
66 Jejunal carcinoid" S, OCT

Liver mÃ©tastases 40 E 0.35 0.45 7 47 0.34 7.9 176
Lung mÃ©tastases 8 0.20 0.25 6 47 0.19 6.6 176

32 Rectal adenocarcinoma* S, CHT

Lung mÃ©tastases 2
49 RÃ©currentJejunal carcinoid 25 S, OCT

Liver mÃ©tastases 140
Bone mÃ©tastases

57 Pheochromocytoma S, MIBG
Bone metastasis 10
Other bone and

LNN mÃ©tastases
62 Recurrent Jejunal carcinoid 24 S, OCT

Liver mÃ©tastases
Lung mÃ©tastases

58 Pancreatic carcinoid*

LNN mÃ©tastases 200 S, OCT - 9.4 - 37.5 5.1 - 90

Liver mÃ©tastases 350 7.1 31.4 4 38 17.6 4.3 93
Lung mÃ©tastases 5.5 0.11 0.37 2 46 0.25 2.1 163
Bone mÃ©tastases 20 1.88 2.88 3 30.5 1.35 3.1 58

0.17 - 44 0.11 - 140

0.82 1.43 4.5 30 0.67 4.8 56
9.7 5.5 3.5 38 3.5 3.7 93
Scintigraphy positive, but dosimetry not performed
Primary tumor not visualized by Scintigraphy
0.75 1.13 2.0 33.5 0.57 2.1 70
Scintigraphy negative or inconclusive

3.0 - 43 1.86 - 130

Scintigraphy positive, but dosimetry not performed
Scintigraphy positive, but dosimetry not performed

1.04
0.62

0.9
0.65
5.8
0.67

0.67
0.62

1.6
0.94
0.21

1.6

1.62

0.8
1.92
1.60
1.92

22
11

15
9.6

56
10

10.7
11.5

22
19
13.6

27

26

13
26
21
32

"Primary tumor was resected.

In all patients, multiple sites of tumors were known at the time of Scintigraphy. Tumor absorbed dose calculations were performed only for those tumors
which sizes could be accurately determined by CT/MRI. S = surgery; E = chemoembolisation; CHT = chemotherapy; RT = conventional radiotherapy;
BMT = bone marrow transplantation; OCT = octreotide; LNN = lymph nodes; DOTA = 1,4,7,10-tetraazacyclododecane-N,N',N",N'"-tetraacetic acid; MIBG

= metaiodobenzylguanidine.

To estimate the activity in tumors embedded in the liver,
measurements with a liver phantom in a thorax phantom tissue-
equivalent were applied. The liver phantom was filled with '"in

activity in water similar to the activity found in the liver of the
patients (10 MBq/liter). Vials of different sizes were filled with
water containing the tenfold activity concentration, as compared
with the concentration in the liver phantom, and were inserted into
the phantom to simulate activity accumulating tumors. Whole-body
scintigraphies of the liver phantom within the thorax were per
formed and evaluated in the same way as of the cancer patients. As
a result, a volume-dependent function was found that could be used
for correcting deviations in activity estimations due to the rather
complicated differentiation of radioactivity in the liver and in the
tumor by evaluating ROIs in the planar scintigrams.

lndium-111-Octreotide Scintigraphy
Indium-111-OCT was prepared by reacting 10 /ug DTPA-OCT

for 10 min at 22Â°Cwith 100-200 MBq of '"in-Cl, according to
the manufacturer's description (Mallinckrodt, Inc., St. Louis, MO).

Comparative scintigraphies (planar and SPECT studies) were
performed in 8 of the 14 patients listed in Table 1. The time-span
between both scintigraphies ranged between 4 and 12 wk.

RESULTS

Safety
After intravenous injection of " ' In-DOTA-lanreotide, no

side-effects were noted during the whole observation period of
4 days.
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FIGURE 1. Blood kineticsof 111ln-DOTA-lanreotide(150 MBq). Whole blood
activity (â€¢)and peptide activity (â€¢)is shown (n = 12).

Whole-Body Biodistribution of lndium-111-
DOTA-Lanreotide

After intravenous injection, '"in-DOTA-lanreotide was rap

idly cleared from the circulation. Radioactivity in the blood
rapidly decreased to less than 3% of the injected dose within the
first 2 hr after injection of " ' In-DOTA-lanreotide (Fig. 1).

The cumulative radioactivity excreted into the urine
amounted to 21% Â±4%ID of the injected activity at 4 hr, 42%
Â±3%ID at 24 hr, 52% Â±6%ID at 48 hr and to 62% Â±6%ID

at 72 hr after injection of ' " In-DOTA-lanreotide (Fig. 2). Up to

24 hr postinjection, the main excretion product was the intact
peptide, but at later time points only metabolites were seen.
After 48 hr, only one major metabolite (probably DOTA-
(D)ÃŸNal)was observed (Fig. 2). Cumulative radioactivity in the
feces was 0.34% Â±0.09%ID (n = 9) after 24 hr and 1.0% Â±

0.7%ID after 72 hr.
A biexponential function could be fitted to the whole-body

retention of radioactivity (Fig. 3A). Twenty-four percent of the
activity was eliminated with an effective half-life (Teff) of 3.3

hr, and the remaining 76% was eliminated with a Teffof 41 hr.
The accumulation of "'In-DOTA-lanreotide in the major or

gans is depicted in Table 2.

Radiation Absorbed Doses
The liver, spleen, kidneys and urinary bladder were used as

the primary source organs. Individual ROIs were fitted over
these organs, as well as over tumors/metastases. The radiation
absorbed organ doses are presented in Table 3. The highest
radiation-absorbed doses were calculated for the spleen (0.39
mGy/MBq), kidneys (0.34 mGy/MBq), urinary bladder (0.21
mGy/MBq) and liver (0.16 mGy/MBq).

The absorbed doses to the gonads and bone marrow was
< 0.08 mGy/MBq. The effective dose was estimated to be
0.11 Â±0.01 (range 0.09-0.12) mSv/MBq.

Tumor Visualization by lndium-111-DOTA-Lanreotide
In the pilot series of 10 patients, the feasibility of mln-

DOTA-lanreotide to visualize primary and/or metastatic tumors
was evidenced for carcinoid tumor patients (n = 5), lymphoma
patients (n = 3) and adenocarcinoma patients (n = 2). In the
carcinoid patients, liver mÃ©tastaseswere visualized in 4/4, bone
mÃ©tastasesin 2/2, lung spread in 1/1 and lymph nodes in 2/2
patients. In the 3 lymphomas patients, multiple tumor sites were

FIGURE 2. Cumulative urinary activity
after injection of 1"In-DOTA-lanreotide.
Cumulative urinary activity is shown (n =
14). Insert shows that intact peptide (â€¢)is
only excreted during first 24 hr, and that
excretion rate of metabolites is fairly con
stant over whole 48-hr period.
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FIGURE 3. Whole-body, kidney and tu
mor kinetics of 111ln-DOTA-lanreotide in
comparison to 111ln-OCT. (A) Whole-
body kinetics of 1l1ln-DOTA-lanreotide

are given (n = 14). (B) Comparative
whole-body kinetics of 111ln-DOTA-lan-
reotide (â€¢)and 111ln-OCT (â€¢)in Patient
14 is shown. (C) Kidney uptake in carci-

noid tumor patient was significantly
lower. (D) Tumor uptake was significantly
higher for1111n-DOTA-lanreotide as com
pared with 111ln-OCT.

visualized in the chest, abdomen and pelvis, and bone marrow
involvement in 2 of the 3 patients. A recurrent pancreatic
adenocarcinoma and liver mÃ©tastasesin a patient with colorec-
tal adenocarcinoma (primary resected) were visualized as well.

A further 14 patients were referred to our department for
evaluation of potential therapy with 90Y-DOTA-lanreotide (Ta

ble 1). After the dynamic study (Fig. 4), serial whole-body
scanning (Fig. 5) for dosimetry calculations was performed.
The dynamic study typically revealed the in vivo binding of

11In-DOTA-lanreotide to the tumor within the first minutes

(Fig. 4). Thereafter, tumor localization was characterized by

anterior and posterior planar imaging (Fig. 6) as well as by
SPECT (Fig. 7), performed usually between the 2-4 and 6-8 hr
whole-body scan and/or after 24 hr postinjection. In all patients,
at least one known tumor site was visualized by '"In-DOTA-

lanreotide scintigraphy. Several previously unknown tumor
sites were seen in the carcinoid patients (Patients 11, 13 and
14), the prostate cancer patient (Patient 2) and the lymphoma
patient (Patient 8). A large primary pancreatic adenocarcinoma
in Patient 5 and multiple sites in the pheochromocytoma Patient
12 were not visualized. However, in Patient 5 liver mÃ©tastases
were imaged and in Patient 12 some bone mÃ©tastases.

TABLE 2
Biological Clearance of Radiolabeled DOTA Lanreotide (%ID)

Time
(hr)135244872LiverMean6.60

Â±6.41
Â±5.84
Â±4.21
Â±3.10
Â±2.57

Â±=

sd1.451.291.100.830.650.60Range4.23-8.224.24-7.993.96-7.042.84-5.252.21-3.971

.83-3.31Mean2.41

Â±2.32
Â±2.09
Â±1.53Â±1.29Â±0.99

Â±SpleenÂ±sd0.440.460.460.470.440.42Range1.79-3.191.49-3.091.35-2.981.06-2.610.98-2.340.72-2.00Mean4.164.274.143.362.512.00KidneysÂ±sdÂ±

1.09Â±
1.21Â±
1.10Â±0.89Â±0.75Â±

0.71Range2.50-5.932.52-6.392.43-5.651.79-4.211.38-3.691.03-3.25RemainderMean

Â±sd84.9

Â±2.774.4
Â±3.068.7
Â±4.956.9
Â±6.248.9
Â±6.441

.7Â±7.4Range80.8-89.567.4-80.458.9-76.146.5-70.240.8-65.232.9-61.5Mean
clearanceratesa,

(%ID)TbÂ«*,
(hr)a2(%ID)Tbiol2

(hr)0.651.884.880.30.664.571.7035.30.17>2004.1659.827.21.9266.4107Residence
times111ln
(hr)*>Y(hi)3.11 Â±2.99

Â±0.860.801

.99^1.951.

93^.691.21
Â±1.17

Â±0.410.400.89-2.060.87-2.012.061.97Â±0.54Â±0.551.17-2.671.14-2.5838.3
Â±4.136.9
Â±3.832.8-43.031.7-41.4

Based on serial l11ln-DOTA-lanreotide whole-body imaging, the residence times for "In-DOTA-lanreotide and ^-DOTA-lanreotide were calcualted.

Values refer to the data obtained in the 14 cancer patients evaluated for possible therapy (see Table 1).
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TABLE 3
Radiation Dose Estimates (mGy/MBq) for lndium-111 -DOTA-Lanreotide and Yttrium-90-DOTA-Lanreotide

lndium-111 -DOTA-Lanreotide Yttrium-90-DOTA-Lanreotide

Organ Mean Medium Range Mean Medium

'Based on the biodistribution of 111ln-DOTA-lanreotide. ULI = upper low intestine; LLI = lower low intestine.

Range

KidneysLiverSpleenGonadsRed

marrowUrinary
bladderGastrointestinal
tractSmall
intestineULILUEffective

doseequivalent(mSv/MBq)Effective

dose(mSv/MBq)0.340.160.390.080.070.210.080.090.100.130.110.330.150.340.060.070.180.080.080.090.130.100.24-0.460.11-0.250.26-0.640.06-0.110.06-0.080.17-0.250.07-0.090.08-0.110.07-0.130.10-0.160.09-0.123.61.024.00.330.331.60.190.300.470.890.583.50.933.40.300.301.40.170.280.450.890.562.2-5.00.6-1.82.5-7.20.28-0.410.28-0.411.4-1.90.16-0.230.26-0.350.44

Â±0.520.75-1.730.46-0.69

Tumor Radiation Absorbed Dose
The tumor radiation absorbed dose for each patient is listed in

Table 1. In most of the tumors, the accumulated activity was
slightly increasing during the first hours after the injection. A
typical time-activity course showed an increase of 12% between
1 and 3 hr after injection. Thus, most probably the maximum
accumulation of activity is reached between 3 and 6 hr after
injection. Within the first 24 hr, some tumors lost a significant
amount of radioactivity indicating a relatively fast component
(Teffl 4.9 Â±2.2 hr). The remaining activity decreased very
slowly with a TefÃ¯2of 37.6 Â± 6.6 hr. From the effective
half-lives, the biological half-lives were calculated to be Tbio]1
5.1 Â±2.3 hr and Tbjol2 101 Â±42 hr. The mean value of the
tumor uptake was 0.085%ID/g (range 0.01%-0.24%ID/g). The

biokinetic data result in the mean residence time T, which is a
suitable measure to determine the radiation absorbed doses. The

\ i '
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FIGURE 4. Dynamic study after injection of 111ln-DOTA-lanreotide (-150

MBq) in Patient 5. This figure shows the sequential anterior images acquired
over the first 16 min after 111ln-DOTA-lanreotide injection (1 frame/min). A
larger liver metastasis (arrow) was seen by 111ln-DOTA-lanreotide immedi

ately after injection (see also Fig. 7).

mean radiation dose to the tumor was 1.2 (range 0.21-5.8)
mGy/MBq.

lndium-111-DOTA-Lanreotide Versus lndium-111-

Octreotide Scintigraphy
In 8 patients, "'in-OCT scintigraphy was compared with

'"in-DOTA-lanreotide scintigraphy (Patients I, 2, 4, 8, 10, 11,
13 and 14). Also by "'In-OCT scintigraphy, multiple sites of

tumor spread were visualized (Fig. 6). As compared with
ulIn-DOTA-lanreotide, "'in-OCT showed a faster whole-

body clearance of radioactivity (Fig. 3B). The time-activity
curve for ' " In-DOTA-lanreotide for the kidneys was lower as
opposed to ' " In-OCT (Fig. 3C), whereas the tumor uptake was

remarkably higher (Fig. 3D). The ratio of the radiation absorbed
dose for '"In-DOTA-lanreotide and '"In-OCT calculated for

the primary/recurrent tumors and/or mÃ©tastaseswas 2.25 Â±
0.60 (paired Student's t-test, p < 0.01).

A clear difference was also noted for the biokinetics in the
liver and the spleen (Table 4). Whereas the spleen uptake
increased during the initial hours after injection of '"In-OCT
(p < 0.01 ), it steadily decreased after injection of " ' In-DOTA-

lanreotide, starting at 1 hr postinjection. Liver uptake of
luIn-DOTA-lanreotide was about 40% higher as compared
with '"In-OCT.

DISCUSSION
Recent studies have shown that various tumor cells express

substantial amounts of peptide receptors and, in particular, of
SSTR and VIPR (23,28). Based on these observations, we have
developed a novel SSTR scintigraphy by using '"In-DOTA-

lanreotide as radioligand (24). In this study, we demonstrate
that this tracer is able to visualize a variety of different tumor
types in human in vivo, i.e., neuroendocrine tumors, intestinal
adenocarcinomas, lymphomas and prostate cancer. Further
more, the in vivo binding of '"In-DOTA-lanreotide to tumor

tissues was found to be remarkably higher when compared with
the accumulation and/or binding of the tracer to normal organs
such as kidneys, liver or spleen. This high tumor binding
capacity of DOTA-lanreotide, when labeled with 90Y, provides

the basis for receptor-mediated radiotherapy in tumor patients
(unpublished results).

In initial studies, the tumor localizing capacity of '"In-

DOTA-lanreotide was demonstrated in 10 patients with either
carcinoid tumors, lymphomas or intestinal adenocarcinomas.
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We then investigated the tumor doses and biodistribution of
'"in-DOTA-lanreotide in 14 patients with advanced tumor
disease evaluated for therapy with 90Y-DOTA-lanreotide. In all

patients, at least one-known tumor site was visualized by
In-DOTA-lanreotide during the first minutes after injection

of the substance. Tumor sites were still visible at 72 hr
postinjection. Indium-111-DOTA-lanreotide concentrated in
multiple sites of neuroendocrine tumors ( 11 carcinoid patients,
1 gastrinoma patient and 1 pheochromocytoma patient), as well
as in lymphoma sites (4 patients), prostate cancer ( 1 patient) and
liver and lung mÃ©tastasesof intestinal adenocarcinomas (6
patients). The few DOTA-lanreotide-negative tumor sites (a
primary pancreatic adenocarcinoma, 8 cm in diameter) in
Patient 5 and multiple locations in the pheochromocytoma
Patient 12) could be explained by loss of SSTR during progres
sion of the tumors. A change in the SSTR content or cell surface

FIGURE 5. Serial whole-body scintigra-
phy after injection of 111In-DOTA-lan
reotide (-150 MBq) in Patient 6. This
figure shows anterior whole-body scans

at 0.5 (A), 4 (B), 24 (C) and 48 (D) hr
postinjection of 1111n-DOTA-lanreotide.
Multiple lymph-node and bone mÃ©tasta

ses were visualized in right groin, right
pelvis, distal femur, mediastinum and
head.

expression may also be the reason for the change of the
scintigraphic feature in Patient 3 in whom a preceeding positive
111In-DOTA-lanreotide scintigraphy (hot spot) of a larger liver

metastasis had turned after 3 mo into a cold spot showing an
enhanced activity at the margin. This feature was accompanied
by largely increased size, as well as by central necrosis of the
metastasis, on the CT scan. This could explain why the larger
tumors tended to have a slightly lower radiation absorbed dose
in comparison with the small- and medium-sized tumors.

To estimate the tumor dose a patient would receive by
treatment with 90Y-DOTA-lanreotide, dosimetry studies were
performed with "'In-DOTA-lanreotide. The assumption that
DOTA-lanreotide, when labeled either with '"in or with 90Y,

would identify the same tumor masses and would concentrate
identically in human tumors in vivo was based on our preclin-
ical studies, which suggest the same stability and SSTR binding

FIGURE 6. Anterior planar scintigraphy
after injection of 111In-DOTA-lanreotide
(-150 MBq, left panel) and 1l1ln-OCT

(180 MBq, right panel) in carcinoid patient
(Patient 13) showing recurrent jejunal car
cinoid (arrow) as well as highly metasta-
sized liver.
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left panel right panel

FIGURE 7. SPECT studies after injection
of1111n-DOTA-lanreotide (~150 MBq). (A)

Patient 5 showed adenocarcinoma me
tastasis in left liver lobe (left panel: trans
verse image; right panel: CT superim
posed Â¡mage), and in patient with
recurrent pancreatic adenocarcinoma
(left panel: transverse image; right panel:
CT superimposed image). left panel

behavior for both radioligands (24). Consequently, it is most
probable that from '"in-DOTA-lanreotide scintigraphy and
dosimetry results the radiation dose for 90Y-DOTA-lanreotide

can be calculated. As shown, the mean radiation absorbed dose
in the tumors amounted to 18 Â±11 mGy/MBq (range 4.1-56
mGy/MBq) of 90Y-DOTA-lanreotide. This suggests that an

effective tumor dose of 50 Gy could be achieved after 2-4
treatments with 90Y-DOTA-lanreotide using a standardized

dose of 1 GBq per treatment injection in many of our patients.
As opposed to normal organs, the mean dose to a tumor is about
5 times higher than to the kidneys and 4.5 times higher than the
spleen (Table 2 and 3). These human data obtained for the
biodistribution of " ' In-DOTA-lanreotide are in line with pre
vious animal biodistribution studies performed with Â°Y-

DOTA-lanreotide, which concentrated in organs known to
contain high densities of SSTR (24).

In terms of tumor SSTR binding, all patients in this study
were advanced cancer patients. They all had undergone treat
ments with chemotherapy or radiation therapy, and all had
progressive disease at the time of admission to diagnostic

right panel

scintigaphy with "'in-DOTA-lanreotide for possible therapy

with Y-DOTA-lanreotide. Previous treatment may have ef
fects on SSTR expression and, thus, on tumor accumulation of
111In-DOTA-lanreotide. For some patients, scintigraphy and

therapy evaluation of the tumor disease may be more effective
earlier during the course of the disease, and receptor-mediated
therapy may thus have a greater clinical potential in smaller
tumors/metastases. However, the problem of visualizing
smaller tumors by gamma scintigraphy is challenging and time
consuming, making systematic tumor dosimetry hardly effi
cient. The use of an 86Y-labeled DOTA-lanreotide may help to

solve this problem to some extent, but this is limited to a few
PET centers in the world with the necessary infrastructure and
expertise to produce 86Y.

Opposite to Krenning et al.'s results (29), who reported no
difference in the biodistribution of mIn-DOTA-Tyr3-OCT and
1"in-OCT, a significant difference was observed for ' "in-OCT
and ' ' ' In-DOTA-lanreotide in our direct comparative dosimetry

studies (in the same patients). Not only was the tumor accumu
lation of '"In-DOTA-lanreotide significantly higher (2.25

TABLE 4
Radioactivity in Selected Organs after Intravenous Application of either lndium-111 -DOTA-Lanreotide or lndium-111 -OCT (%ID Â±s.d.)

Time(hr)136244872LiverDOTA-lanreotide6.50

Â±1.506.1
8Â±1.315.54

Â±1.093.27
Â±0.651.86

Â±0.391.21
Â±0.29SpleenOCT4.72

Â±0.38np3.61

Â±1.943.22
Â±1.741.58Â±

0.631.31
Â±0.60DOTA-lanreotide2.39

Â±0.442.25
Â±0.451.99

Â±0.441.20
Â±0.370.79

Â±0.270.48
Â±0.20OCT2.41

Â±0.44np2.55

Â±0.282.97
Â±0.971.26

Â±0.560.74
Â±0.06KidneysDOTA-lanreotide4.07

Â±1.124.09
Â±1.213.84
Â±1.052.55

Â±0.681.46
Â±0.410.91

Â±0.32OCT4.83

Â±1.53np4.54

Â±1.773.74
Â±1.442.20

Â±1.441.00
Â±0.48RemainderDOTA-lanreotide84.1

Â±2.772.2
Â±3.865.3
Â±4.644.6
Â±4.930.0
Â±3.920.0
Â±3.6OCT62.7

Â±6.0np39.0

Â±17.018.9
Â±11.88.5
Â±2.07.0
Â±3.2

The time between both scintigraphies was at least 4 wk. np = not performed.
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times), but also the whole-body elimination was slower, and the
kidney retention was lower when compared with ' "in-OCT. In

our cohort of patients, we obtained a higher mean tumor uptake
with '"in-DOTA-lanreotide (0.085%ID/g, n = 23) as com
pared with a larger study with '"In-OCT in neuroendocrine

tumors (().()123%ID/g, n = 47) (30). The spleen retention of
111In-DOTA-lanreotide, compared to mIn-OCT, was low and

did not increase over the first 24 hr postinjection. This would
seem to suggest that a large proportion of the "'In-OCT

retention by the spleen is not receptor-mediated but rather a
result of "'in being lost from "'In-OCT and being incorpo

rated into the iron cycle. Finally, the data obtained in our study
(Table 4) compare well with previously reported data for
"'In-OCT (29.31), which confirm our results.

Therefore, the biodistribution of " ' In-DOTA-lanreotide, as
opposed to "'In-OCT, suggests that 90Y-DOTA-lanreotide

should be more efficient and cost effective for receptor-
mediated tumor therapy as opposed to wY-DOTA-Tyr3-OCT.

Moreover, the universal SSTR subtype recognition profile of
DOTA-lanreotide (24), in contrast to DOTA-Tyr3-OCT, allows

the conclusion that DOTA-lanreotide is suitable for a larger
number of tumor patients including intestinal adenocarcinomas
that are also visualized by I23I-VIP through its unique selective

binding to hSSTR3 (22). In fact, the distinct in vitro binding
behavior of DOTA-lanreotide as compared with DOTA-Tyr3-
OCT (inferior binding to SSTR3-5 of DOTA-Tyr3-OCT), as
well as of other SST-14 analogs and the unmodified "mother
substance" lanreotide itself (24), supports the notion that

DOTA-lanreotide is a novel tumor diagnostic and therapeutic
agent.

Remarkably, previous results have demonstrated that several
primary tumors such as carcinoid tumors can be imaged by both

I-VIP and '"in-OCT, while the large majority of adenocar
cinomas can only be visualized by 123I-VIP. Subsequent studies

have suggested that VIP interacts at the hSSTR3 subtype (22)
which is, together with SSTR4, largely expressed in intestinal
adenocarcinomas (19). Most interestingly, this study demon
strates that intestinal adenocarcinomas can also be imaged by

' ' In-DOTA-lanreotide (Fig. 7), most probably on the basis of

hSSTR3 (VIP, DOTA-lanreotide) and/or hSSTR4 (DOTA-
lanreotide) recognition. As '"in-OCT binds only with moder

ate affinity to hSSTR3 and does not bind to hSSTR4 at all (24),
the negative scintiscans in adenocarcinomas can be explained
by lack of ligand-receptor interactions. In the light of the
specific biodistribution and its high affinity for tumor cells (24),
it is suggestive that the positive in vivo images obtained after
injection of "'In-DOTA-lanreotide are due to receptor-ligand

interactions.

CONCLUSION
DOTA-lanreotide is a novel and promising peptide tracer

with a favorable dosimetry, unique biodistribution and high
affinity to a variety of tumor cells. It promises considerable
advantages over other SST analogs for tumor therapy.
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