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Methods: lndium-111 activity concentrationsin human tumor

and normal tissue samples were determined at 24, 48 and 120
hr after i.v. injection of111ln-DTPA-D-Phe-1 -octreotide. Fourteen

patients were included in the study. Seven patients had medul
lary thyroid carcinoma, four had midgut carcinoid tumors, two
had endocrine pancreatic tumors and one had chronic pancre
atitis. Results: For midgut carcinoids, the tumor-to-blood ratio

was 51:220, for medullary thyroid carcinoma 4:39, and for two
endocrine pancreatic tumors 6 and 1500. Tumor-to-muscle ra
tios varied between 1 and 1200 and tumor-to-fat between 2 and

1500 depending on tumor type. Conclusion: The sometimes
extremely high tumor-to-normal tissue ratios present the possi

bility for use of radiolabeled octreotide for radiation therapy of
somatostatJn receptor positive tumors.
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A. increased number of somatostatin receptors has
been found in neuroendocrine tumors (1,2). The soma
tostatin analogue octreotide has a longer biological half-

time than the native hormone somatostatin and is therefore
more suitable for in vivo applications. Radiolabeling of
octreotide with H1In has been performed using DTPA as a

dictating agent (3). Recently, somatostatin receptor scin-

tigraphy was used with promising results to localize pri
mary and metastatic tumors expressing somatostatin re
ceptors (4-9).

The pharmacokinetics and dosimetry of inIn-DTPA-D-

Phe-1-octreotide has been estimated from scintigraphic

studies and examinations of blood, urine and faeces sam
ples (10). Such studies are needed for dosimetrie calcula
tions for radiation protection purposes. However, to eval
uate the possibility of using radiolabeled octreotide for
tumor therapy, it is necessary to obtain detailed informa-

Received Dec. 20,1993; revision accepted May 27,1994.
For correspondence or reprint requests: Eva Forssell-Aronsson, PhD, Depart

ment of Radiation Physics, University of GÃ¶teborg,Sahlgrenska Hospital, GÃ¶te
borg, Sweden.

tion on activity concentrations and absorbed doses in tu
mor tissue and normal tissue. Tissue samples must be
collected and measured at different times after injection.

In a recent study, we evaluated the use of a detector to
localize midgut carcinoids and endocrine pancreatic tu
mors during surgery following injection of '"in-DTPA-D-

Phel-octreotide (5). In some patients and in one with

chronic pancreatitis, we collected blood and normal and
tumor tissue samples during surgery performed 24, 48 or
120 hr after injection of the radiopharmaceutical. The
study's purpose was to determine '"in activity concentra

tion in human tissue samples at different time intervals
after injection of '"in-DTPA-D-Phe-l-octreotide.

MATERIAL AND METHODS

Radiopharmaceutical
DTPA-D-Phe-1 -octreotide and "'In-chloride were obtained

from Mallinckrodt Medical B.V. (Petten, The Netherlands). The
radiolabeling of DTPA-D-Phe-1-octreotide with '"In was per

formed according to the instructions of the manufacturer. Chro-

matography of the radiopharmaceutical was performed using in
stant thin-layer chromatography with sodium citrate (0. l A/, pH 5)
as the mobile phase. The fraction of peptide-bound ' ' 'In was more

than 98%.

Patients
Fourteen patients (7 male and 7 female; mean age 52 yr, range

28-72 yr) were included in this study (Table 1). Thirteen of the

patients had previously verified neuroendocrine tumors, seven
patients had persistent hypercalcitonemia after previous surgeries
for medullary thyroid carcinoma (MTC), four had midgut carci
noid tumors (MC) with regional lymph node and hepatic mÃ©tas
tases, and two had endocrine pancreatic tumors (EPT). In Patient
14, a multihormonal neuroendocrine tumor was suspected due to
elevated levels of gastrin, calcili min, chromogranin A and human
chorionic gonadotropin (HCG). In the latter patient, no tumor
uptake of the radiopharmaceutical was found during scintigraphy
and no tumor was found during surgery. The histopathological
diagnosis in this case was chronic pancreatitis and liver cirrhosis.

The patients received 190-350 MBq '"In-DTPA-D-Phe-1-

octreotide (20 /ig) intravenously. Prior to administration, the ac
tivity of the injected solution was measured with a well-type

ionization chamber. All patients with MC were on daily octreotide
treatment (100 /Â¿gx 2 s.c.). In Patient 1, octreotide treatment was
discontinued on the day of radiopharmaceutical injection and re-
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TABLE 1
Patient Data and 111lnActivity Concentration in Tumor Samples* and Tumor-to-Normal Tissue Ratios

Time after
injection

(hr)242424244848484848120120120120120Patientno.1234567891011121314SexMMMMFMFFMFMFFFAge(yr)6060524745284735346751616872DiseaseMCMCMTCMTCMCEPTEPTMTCMTCMCMTCMTCMTCChronicpancreatitisNumber
of

tumor samples659t3116114t2tCfumof(%IA/kg)mean(range)28

(14-52)16(3.6-31)1

.4(0.29-2.7)7.8

(3.7-16)0.39781

.5(0.28-2.5)1.13.90.51

(0.46-0.54)(0.57-1.3)T/B

range80-17053-2004.1-3951-2206.315003.8-333310015-1811-24T/Mrangena37-1400.80-7.6290-12007.32701.2-118.9413.8-4.43.8-8.4T/Frange7.0-3202.8-24na340-15002.0220na171314-176.6-15

'Expressed as percent of injected activity per kilogram tissue (%IA/kg).
fNo tumors were collected or available; na = not available; MC = midgut carcinoid; MTC

pancreatic tumor; T/B = tumor/blood; T/M = tumor/muscle; T/F = tumor/fat.
medullary thyroid carcinoma; EPT = endocrine

instituted after surgery. The study was approved by the local
isotope and ethical committees and informed consent was given
by the patients.

Tissue sampling
The patients underwent surgery one (n = 4), two (n = 5) or five

(n = 5) days after injection of the radiopharmaceutica!. Tumor,
lymph nodes with or without metastatic growth, blood and other
easily available normal tissue samples such as fat and muscle, and
sometimes liver, bone marrow, ileum, lymph and thymus, were
taken. The gallbladder was removed in two patients and bile was
collected. All tissue and fluid samples were weighed and the
activity content of '"In was determined as described below.

Thereafter, histological examination of the excised tissue was
performed.

In vitro measurements
The '"In activity in small tissue samples was measured in a

gamma counter equipped with a 7.6 cm (diameter) x 7.6 cm
Nal(TI) well crystal (3 cm hole diameter, 6 cm depth) and a
single-channel pulse-height analyzer. The activity in larger tissue
samples was measured with a gamma camera equipped with a
medium-energy, parallel-hole collimator. Calibration factors be
tween the sensitivity of the ionization chamber and the gamma
counter as well as of the ionization chamber and the gamma
camera were determined. Corrections were also made for detector
background and for radioactive decay.

The '"In activity concentration, Clissuc,was expressed as the

fraction of the injected activity, Ainjecled,per unit mass of the
tissue:

Ti/B =

^-tissue ~ x 100, [%Wg] Eq. 1
^injected

where Alissueis the '" In activity of the tissue sample and rn,issueits

mass. Tissue (Ti) to blood (B) ratios were calculated:

AtÂ¡ssue/mtis

Ablood/mblood Q>lood
Eq.2

Tumor-to-(normal tissue) ratios and ratios between different nor
mal tissues were calculated correspondingly.

RESULTS

Indium-Ill activity concentrations in blood, plasma, se

rum, muscle, fat and lymph nodes are shown in Table 2. In
general, the radioactivity concentration in blood from the
patients with tumor decreased with time after the injection
of the radiopharmaceutical, though there were consider
able variations in the blood samples collected at a certain
time after injection. Patient 14, who did not have a malig
nancy, had the highest U1ln activity concentration in blood

of the five patients studied at 120 hr after injection. The
radioactivity concentration in plasma and serum were sim
ilar within the same patient, with plasma-to-blood and se
rum-to-blood ratios of 1.4 and 1.5 without any change with
time. The muscle-to-blood ratios varied between 1.3 and
5.5, the fat-to-blood ratios were 0.55-8.4 and the (lymph
node)-to-blood ratios were 0.90-16, irrespective of time

after injection.
The U1ln activity concentrations in bile, bone marrow,

gallbladder, ileum, liver, lymph and thymus are shown in
Table 3. In the two patients who underwent cholecystec-
tomy 48 hr after injection, the bile-to-blood ratios were 260
(Patient 5) and 86 (Patient 7) and the gallbladder-to-blood
ratios were 28 and 23. The (bone marrow)-to-blood ratios

in two other patients (4 and 8) who underwent sternotomy
were 1.7 and 1.6. With Patient 12, we had the opportunity
to collect and analyze lymph from the left thoracic duct and
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TABLE 2
lndium-111 Activity Concentration in Various Tissue Samples*

Time after
injection(hr)24

2424

24Patient

no.1

234Cbtood(%IA/kg)*0.290.160.070

0.10Cpiasma

(%IA/kg)0.32

0.250.11

0.17Caerum(%IA/kg)0.32

0.250.11

0.17Cmusde(%IA/kg)na

0220.36

0.13C*,

(%IA/kg)0.16-2.01*

1.3Â»na

0.099-0.21Â»*"*lympti

node(%IA/kg)0.26-0.40Â»

1.9na

0.50-0.90'

48
48
48
48
48

120
120
120
120
120

5
6
7
8
9

10
11
12
13
14

0.072
0.062
0.053
0.075
0.080

0.037
0.030
0.063
0.053
0.16

0.10
0.10
0.080
0.12
0.12

0.046
0.043
0.093
0.081
0.20

0.12
0.14
0.081
0.14

na

0.048
0.052
0.093
0.078
0.23

0.013
0.054
0.29
0.23
0.16

0.094
0.12
0.12
0.15

na

0.011
0.20
0.35

na
0.072

0.31
0.032
0.12

0.087-0.15*

0.65

na
na

0.68
na

0.69

na

2.5

'Given as percent of injected activity per kilogram (%IA/kg).
Tn = 4.
*n = 2.
Â»n= 5.
'n = 3.

na = not available.

the lymph-to-blood ratio was 1.4 in two different samples.

Normal liver biopsies were taken from Patients 6 and 7 (at
48 hr) and 14 (at 120 hr) and the liver-to-blood ratios were

48, 45 and 35.
Table 1 shows the iuln activity concentration and tu

mor-to-blood (T/B), tumor-to-muscle (T/M) and tumor-to-
fat (T/F) activity concentration ratios in the histopatholog-

ically verified tumor samples. The T/B activity
concentration ratios for patients with MC were higher than
those for patients with MTC. Three MC tumors, one pri
mary tumor, one lymph node metastasis and one liver
metastasis together with two leiomyomas from the pelvic
region were removed from Patient 5. The T/B for these MC
tumors were 51,56 and 220, respectively, and 5 and 11 for
the leiomyomas. There was no evident change of T/B with

time after injection for the same tumor type. Several tu
mors were removed from Patients 1, 2, 3 and 8. Figure 1
shows H1In activity concentration versus tumor weight for

tumors from the same patient (3). The concentration was
not obviously dependent on the tumor size in any of these
four patients.

DISCUSSION
This study was performed in order to determine inln

activity concentration in tissue samples after injection of
1HIn-DTPA-D-Phe-l-octreotide. Fourteen patients were

included in the study. Tissue samples were collected dur
ing surgery at 1, 2 or 5 days after injection of the radio-

pharmaceutical.

TABLE 3
lndium-111 Activity Concentration in Bile, Bone Marrow, Gallbladder, lleum, Liver, Lymph and Thymus Samples

Time after
injection(hr)2448Cu.(%IA/kg)na19

[5]Aborte

marrow(%IA/kg)0.17

[4]0.12

[8](%IA/kg7na2.0 [5]Qieum(%IA/kg)na0.47[5](%IA*g)na3.0(6]Clymph(%IA/kg)nana(%IA/kg)0.21

[1]
0.30[4]0.54

[8]

120

4.6(7]

na na

1.2 [7]

na

2.4(7]

5.6(14] 0.086(12] na

â€¢Givenas % of injected activity per kg tissue (%IA/kg). The numbers in brackets indicate the patient number,
na - not available.
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RGURE 1. Indium-111 activity concentration in tumor tissue vs.

tumor weight. The tumor samples were collected from Patient 3 with
medullary thyroid carcinoma at 24 hr after injection with111In-DTPA-

Phe-1-octreotJde.

At the same time-interval after injection there were large

differences in radioactivity concentration in normal tissue
between patients (Table 2). For blood, plasma and serum
this difference corresponds to a factor of 4-5, but for mus
cle and fat tissue variations of up to a factor of 30-35 were

noticed. In three patients, we observed large variations in
the U1ln activity concentration in fat tissue samples taken

from the same patient (Table 2, Patients 1, 4 and 13),
possibly because the samples were collected from various
locations and omenta. The highest concentration in blood
at 120 hr after injection was found in the tumor-free patient

with chronic pancreatitis and liver cirrhosis (Patient 14).
The high radioactivity concentration in the blood of this
patient could be due to absence of uptake in tumor tissue
and low uptake by the cirrhotic liver. Low uptake in the
liver has previously been observed in another patient with
biopsy verified liver cirrhosis (Patient 21 (5)). Although
'"in activity concentration in tumor tissue was high in

some of the patients, we did not observe lower radioactiv
ity concentration in normal tissues in the patients with
large total tumor burden. One cannot neglect the possibil
ity that tumor burden itself could influence the pharmaco-

kinetics of the radiopharmaceutical. For radiolabeled
monoclonal antibodies, a faster clearance from blood and a
decreased uptake in the liver has been observed in tumor-

bearing rats compared with controls (11). Furthermore
Trang et al. (72) have reported a correlation between total
body clearance of radiolabeled monoclonal antibodies and
relative tumor size in man.

The bone marrow-to-blood ratios obtained from two pa

tients were 1.6. The bone marrow is one of the organs
limiting therapy with radiopharmaceuticals. Estimations of
the absorbed dose to the bone marrow are often based on
the cumulated activity of the radionuclide in peripheral
blood or biopsies containing red bone marrow, but also

cortical and trabecular bone for which corrections are
made (13). The measured U1ln activity concentration in

the two bone marrow samples (not containing any bone
tissue) in this study suggests that there might be a risk of
underestimating the absorbed dose to bone marrow if the
estimations are based on measurements of peripheral
blood.

There seems to be a difference in 1HIn activity concen

tration between the different tumor types. The radioactiv
ity concentration in tumor, T/B and tumor-to-(normal tis

sue) ratios were all higher for patients with MC tumors
than for those with MTC, probably reflecting differences in
distribution of somatostatin receptor types and receptor
densities between the two tumor types (1,14,15). The T/B
ratios found in the present study on neuroendocrine tumors
after inIn-DTPA-D-Phel-octreotide injection by far ex

ceed those reported for other macroscopic tumors investi
gated after i.v. administration of radiolabeled monoclonal
antibodies, where T/B ratios usually were less than 10 (e.g.
(76-22)). With MC tumors and '"in-labeled octreotide a

T/B ratio of about 100 can be expected. For one patient
with EPT (Patient 7) the T/B was 1500. To our knowledge,
this is the highest T/B ratio reported for a surgically excised
macroscopic tumor investigated after preoperative injec
tion of a radiolabeled substance. This was a benign islet cell
tumor, located in the cystic duct. It had a positive immu-

noreaction with chromogranin A and the tumor cells con
tained argyrophilic granulae. This patient had a MEN I
syndrome and had previously been operated on for an
insulinoma in 1972 and a gastrinoma of the pancreas 9 yr
later. A fraction of the radiopharmaceutical, although
small, is excreted to the intestines via the biliary system.
We have observed two patients with high bile-to-blood

ratios Patients 86 and 260. An islet cell tumor located in the
biliary tree is exposed to a higher concentration of radio-

pharmaceutical, or radionuclide, in surrounding fluids
(blood and bile) than a similar tumor located in the pan
creas (blood only). This could contribute to the extremely
high T/B ratio observed in Patient 7, even if high density of
somatostatin receptors and firm binding of the radiophar
maceutical probably is the main reason for this extremely
high value. The T/B ratio obtained for the benign insuli
noma of the head of the pancreas of the other patient with
EPT (Patient 6) was only 6.3.

Varying density and different types of somatostatin re
ceptors most probably cause different concentrations of
U1ln-octreotide in tumors within the same patient and

amongst different patients. Tumor size may also influence
the variation in radioactivity concentration. In some stud
ies on mice, the concentration of radiolabeled monoclonal
antibodies decreased with increasing tumor size (23-26),
probably due to reduced perfusion and presence of ne-

crotic areas in larger tumors. A similar relationship has
been shown in humans (18). In this study, with a limited
number of tumors from each patient and relatively small
tumors without necrotic areas weighing less than 15 g, the
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concentration of mIn-DTPA-D-Phel-octreotide in tumor

tissue was not influenced by the tumor size (Fig. 1).
The high tumor-to-(normal tissue) activity concentration

ratios obtained in some of the patients in this study indicate
the possibility to use radiolabeled octreotide for tumor
therapy. Tumor-to-(normal tissue) ratios might be further

increased by simultaneous administration of unlabeled oc
treotide. DÃ¶rret al. (27) have recently reported enhanced
visualization of liver mÃ©tastasesand reduced uptake in the
spleen, liver and kidneys in five patients during ongoing
octreotide therapy with 60 times higher amount of unla
beled octreotide. Experimental data for radioiodine-
labeled Tyi^-octreotide in rats have, however, shown a

reduced uptake in tumor tissue after pretreatment with a
larger (300-1000 times higher) amount of unlabeled oc

treotide (28,29). Further studies are necessary to find the
amount of unlabeled octreotide for pretreatment for opti
mal tumor-to-(normal tissue) ratios of radiolabeled oc

treotide. The observed high concentration in bile may lead
to unwanted high absorbed dose in the gall bladder and the
gastrointestinal tract which could probably be reduced by
increased gall bladder emptying and the use of laxatives
during the treatment. Further studies of methods to en
hance the tumor-to-(normal tissue) activity concentration

ratios are needed.
Another important issue is the choice of radionuclide

which depends on the macroscopic and microscopic distri
bution of the radiopharmaceutical in the tumor and in the
normal tissues. The most suitable range of particles emit
ted from the radionuclide depends on the distribution at the
cellular level. Radionuclides emitting radiation with pene
trations less than the cell radius (or diameter) must be
internalized into the cell to cause lethal damage. With a
somewhat greater penetration it is sufficient if the radionu-

clides are bound to the cell membrane or extracellularly
distributed. Large solid tumors with a heterogeneous up
take require radionuclides emitting /3-radiation with ranges
of about 1 cm (e.g., **Â¥or 186Re). For smaller tumors with

possibly a more homogeneous uptake it may be more suit
able to use radionuclides which emit alpha particles or
low-energy electrons. New radiolabeling methods have to
be developed permitting other radionuclides than mln to

be attached to the octreotide molecule.
Further work is also needed to collect detailed pharma-

cokinetic data from radiolabeled octreotide in man. The
radionuclide activity concentration must be followed in
various normal tissues and tumors by gamma camera mea
surements, during several days after injection, in a large
patient material. Data obtained from surgical specimens, as
in this study, are essential, especially regarding tissues
impossible to measure with a gamma camera, to define the
risk organs which will be dose limiting during potential
therapy with radiolabeled octreotide. For a definite evalu
ation of a tumor therapy, the cumulated activities and
absorbed doses in tumors and risk organs have to be esti
mated individually for each patient.
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