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Imaging with radiolabeled somatostatin (SST) analogs has recently
been established for the localization of various human SST recep-
tor (hsstr)-positive tumors, including neuroendocrine tumors,
lymphomas, and non–small cell lung cancer (NSCLC). Methods:
111In-1,4,7,10-tetraazacyclododecane-N,N9,N0,N--tetraacetic
acid-lanreotide (DOTA-LAN) scintigraphy (150 MBq; 7 nmol per
patient) was performed on 47 patients (28 patients with primary
tumors, 19 patients with lung metastases from other tumors) to
evaluate the tumor binding in patients with histologically confirmed
lung cancer. A group of 27 tumor patients without documented
lung lesions served as the control group. Early and delayed planar
and SPECT images were acquired. Whole-body scintigraphy was
performed at 0.5, 4–6, 24, and 48 h after injection for tumor dose
estimation. In addition, hsstr subtype expression and radioligand
binding characteristics were studied in vitro using lung tumor sam-
ples (n 5 15). Results: 111In-DOTA-LAN indicated the primary lung
tumor in 16 of 16 NSCLC patients. Lymph node metastases were
visualized in 6 of 6 NSCLC patients, and bone metastases were
seen in 3 of 3 NSCLC patients. 111In-DOTA-LAN scintigraphy indi-
cated lung carcinoid in 5 of 5 patients and small cell lung cancer
lesions in 6 of 6 patients. Multiple lung metastases were shown in
all 6 patients with non-Hodgkin’s lymphoma and in the 1 patient
with Hodgkin’s disease, 5 of 5 colorectal adenocarcinoma pa-
tients, 4 of 4 carcinoid patients, 2 of 2 neuroendocrine carcinoma
(NEC) patients, and 1 of 1 angiosarcoma patient. Pulmonary tumor
sites not indicated by CT or MRI were visualized in 6 of 47 tumor
patients (i.e., 13%; lung metastases in 1 carcinoid patient and 1
NEC patient, lymph node metastases in 1 carcinoid patient and 2
NSCLC patients, bone metastases in 1 carcinoid patient). The
estimated lung tumor dose ranged between 0.2 and 5 mGy/MBq.
Focal lung uptake of 111In-DOTA-LAN was not observed in any of
the 27 control patients. In vitro binding studies indicated high-
affinity binding sites for 111In-DOTA-LAN in NSCLC samples (dis-
sociation constants, 0.5 and 4 nmol/L) with predominant expres-
sion of hsstr4. Conclusion: 111In-DOTA-LAN yields high tumor
binding for various human lung tumors. Consecutively, radiopep-
tide therapy may offer a potential new treatment alternative for
some lung tumor patients.
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One of the most frequent malignancies worldwide is lung
cancer. Invasive methods such as bronchoscopy, including
bronchial washing and brushing, have a limited sensitivity of
65% for malignancy and adding transbronchial biopsy in-
creases the sensitivity to 79% (1). Percutaneous CT-guided
fine-needle biopsy has a sensitivity and a specificity of approx-
imately 95% but may be associated with morbidity such as
bleeding or perforation (2). However, noninvasive methods,
including conventional radiologic methods (i.e., CT, radiogra-
phy), may show inconclusive results in a significant number of
cases. A 75%–85% specificity for malignant pulmonary nod-
ules has been reported with conventional contrast-enhanced
CT (3). Recently, Lowe et al. (4) reported a sensitivity of 92%
and a specificity of 90% for18F-FDG PET. Although early
detection and treatment may lead to improved survival, ap-
proximately 70% of lung cancers are inoperable at diagnosis,
and chemotherapy and external radiation therapy are of pallia-
tive but, nevertheless, limited value (5).

Successful imaging of small cell lung cancer (SCLC) and
non–small cell lung cancer (NSCLC) has been shown with
somatostatin (SST) analogs, such as111In-diethylene-
triaminepentaacetic acid (DTPA)-D-Phe1-octreotide (OCT
(6,7)) or 99mTc-P829 (8). These tracers bind to human SST
receptors (hsstr) expressed on the surface of tumor cells. So far,
5 different hsstr subtypes have been been cloned and charac-
terized in detail (9–16). We have recently shown that 1,4,7,10-
tetraazacyclododecane-N,N9,N0,N--tetraacetic acid-lanreotide
(DOTA-LAN) apparently targets hsstr2 through hsstr5 with
high affinity (i.e., dissociation constant [Kd], approximately
1–10 nmol/L) and hsstr1 with lower affinity (Kd, approxi-
mately 200 nmol/L) (17); clinical data have indicated a high
tumor accumulation (i.e., 0.4–5 mGy/MBq) of111In-DOTA-
LAN in various tumor types (18).

In this study we have evaluated prospectively the tumor
binding of 111In-DOTA-LAN in patients with primary ma-
lignancies of the lung or secondary tumoral deposits (or
both) in vitro and in vivo.

MATERIALS AND METHODS

Patients
The study group (Table 1) consisted of 28 patients with histo-

logically verified primary lung tumors, including 16 patients with
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NSCLC (6 patients with squamous cell carcinoma, 10 with ade-
nocarcinoma), 6 patients with SCLC, and 6 patients with carcinoid
tumors. Furthermore, 19 patients had lung metastases from other
primary tumors, such as lymphoma in 7 patients (non-Hodgkin’s
lymphoma in 6, Hodgkin’s disease in 1), gut carcinoid in 4 patients,
rectal adenocarcinoma in 5 patients, angiosarcoma in 1 patient,
and neuroendocrine carcinoma (NEC) in 2 patients. Twenty-seven
patients without lung metastases served as controls, including 8
patients with intestinal adenocarcinoma, 6 patients with nonmed-
ullary thyroid cancer, 4 patients with lymphoma, 8 patients with
intestinal carcinoid, and 1 patient with pheochromocytoma. The
application of111In-DOTA-LAN to patients 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 according to the Declaration of Helsinki.

111In-DOTA-LAN Preparation and Labeling
DOTA-LAN was synthesized in a 3-step reaction and labeled as

described (18,19) using the peptide LAN (D-bNal-Cys-Tyr-D-Trp-
Lys-Val-Cys-Thr-NH2) and DOTA as starting materials. Briefly,
after conjugation, the product, [DOTA-(D)-Nal1]-LAN, was puri-
fied on a C18 reverse-phase, high-performance liquid chromatog-
raphy (HPLC) column (Waters Corp., Milford, MA) using a water/
acetonitrile/0.1% trifluoroacetic acid solvent system. A second
HPLC purification using a water/acetonitrile/1% acetic acid sol-
vent system yielded the pure compound as an acetate salt (purity,
97% [RP18-HPLC]; mass spectrometry: found 1,504 MNa1 by fast
atom bombardment). Radiolabeling of DOTA-LAN was done with
111InCl3 (no carrier added,.1,850 MBq/mL in 0.05 mol/L HCl;
Nordion, Ontario, Canada). Quality control of the radiolabeled
conjugate was performed with instant thin-layer chromatography
using a mobile phase of 4 mmol/L ethylenediaminetetraacetic acid
(EDTA) at pH 4.0. The peptide-bound activity remained at the
origin and the previously uncomplexed radiometal moved with the
solvent front as an EDTA complex. Formulation of the radiola-
beled peptide in 0.075 mol/L NaCl, 0.05 mol/L NH4OAc, 0.2
mol/L ascorbic acid, and 0.1% human serum albumin was per-
formed before sterilization by filtration through a sterile Millex
GV 0.2-mm membrane (Millipore, Milford, MA). A specific ac-
tivity of about 20 MBq/nmol was achieved for111In-DOTA-LAN.

Gamma-Camera Imaging and Data Analysis
Planar and SPECT acquisitions were performed with a PRISM

1000 gamma camera equipped with a medium-energy collimator
(Picker International, Cleveland Heights, OH).111In-DOTA-LAN
was administered as a single intravenous bolus injection (150
MBq; 7 nmol DOTA-LAN per patient). The radiation of both
energy peaks (173 and 247 keV) with a setting of windows at 20%
was used. Serial whole-body acquisitions were recorded in anterior
and posterior views (2563 1024 matrix; 15 min each) at 0.5, 3–6,
24, and 48 h after injection. SPECT (1283 128 matrix) and planar
acquisitions (2563 256 matrix; 500 kilocounts) were usually
performed after the 3- to 6-h or 24-h (or both) whole-body scan.
SPECT-imaging was performed in a 360° circle in 6° steps, 40–
50 s per step. Ramp-filtered backprojection and 3-dimensional
low-pass postfiltering were used. All scans were reconstructed in 3
projections at a slice thickness of 7 mm. Gamma-camera data were
stored on disks. Data were processed by standard techniques using
the dedicated computer software of the gamma camera with which
the images were acquired.

Tissue samples obtained by transthoracic needle biopsy or sur-
gery specimens were used as the gold standard for evaluating the
accuracy (agreement) of111In-DOTA-LAN images in the diagno-
sis of lung lesions as benign or malignant in the case of single
lesions. In the case of multiple tumors, only 1 representative had to
be subjected to biopsy before imaging. The analysis of efficacy
was based on blind evaluation of the111In-DOTA-LAN images. At
least 2 nuclear medicine physicians independently evaluated the
images of each patient without any knowledge of the patient’s
demographic or background characteristics, medical history, clin-
ical presentation, or results of other diagnostic tests (i.e., chest
radiography, contrast-enhanced CT, biopsy, FDG PET).111In-
DOTA-LAN images were evaluated for the presence or absence of
uptake in the right lung, left lung, mediastinum, and hilar area. In
addition, other areas of increased uptake were recorded. After
assessment of the scans, results were correlated with CT images
that were no older than 6 wk.

For dosimetric calculations, regions of interest (ROIs) were
drawn on whole-body scintigrams at each given time point. The
mean of anterior and posterior counts was calculated for large
ROIs of the lung, liver, spleen, kidneys, and urinary bladder. In
addition, ROIs were drawn for all tracer accumulations regarded as
tumor sites in the lungs and in all other regions of the body and
background regions using the software written for the Picker
analyzing system. Analysis of the gamma-camera data was done
with correction for background and decay from the time of injec-
tion. Mono- and biexponential time–activity curves were fitted.
The residence times were determined using these data and the
respective half-lives of111In. The derived residence times were
used for organ dose calculations on the basis of the Medical
Internal Radiation Dose concept (20). Absorbed organ dose was
calculated by applying the MIRDOSE 3 software (21). For assess-
ment of lung tumor doses, the “nodule module” option of the
program for estimating the S values of spheric tumors was applied.
The effective dose, as defined by the International Commission on
Radiological Protection, was also calculated (22).

In Vitro hsstr Evaluation (Northern Analysis)
For investigation of hsstr expression, snap-frozen tumor speci-

mens from patients with NSCLC and carcinoids were put into
liquid nitrogen. Total RNA from the homogenate was extracted
following the Trizol (Invitrogen Corp., Carlsbad, CA) extraction

TABLE 1
Patient Characteristics

Characteristics Number or size

No. of patients 47
Median age (y) 57

(Range, 22–70)
No. of patients with primary lung

carcinoma 28
NSCLC 16
SCLC 6
Carcinoid 6

Diameter of lung lesions (cm) Range, 0.7–4
No. of patients with lung metastases from

other tumors 19
Lymphoma 7
Gut carcinoid 4
Colorectal adenocarcinoma 5
Neuroendocrine carcinoma 2
Angiosarcoma 1

Diameter of lung lesions (cm) Range, 1–5
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protocol, a modification of the RNA extraction procedure de-
scribed by Chromczynski and Sacchi (23). The integrity of RNA
was confirmed by agarose gel electrophoresis and staining with
ethidium bromide. Northern blot analysis of hsstr was performed
as reported (24). Briefly, Northern transfer of 10–20mg total RNA
was done using Nytran membranes (Schleicher & Schleicher,
Vienna, Austria) by capillary blotting overnight after fixation of
RNA to the membranes by ultraviolet cross-linking. Specific
probes for Northern hybridization were generated by restriction
cutting of the plasmids carrying the probes with the appropriate
restriction enzymes followed by separation on an agarose gel. The
probes were then purified with the Qiaex gel purification kit
(Qiagen, Santa Clarita, CA) and labeled with the Redivue random
prime labeling kit (Amersham, Buckinghamshire, U.K.) and
[32P]deoxycytidine triphosphate (Amersham). Hybridization was
performed as described (24). Four hours after hybridization of the
membranes at 42°C in a hybridization solution containing 50%
formamide, 53 Denhardt’s solution, 53 sodium chloride/sodium
citrate (SSC), 0.2% sodium dodecyl sulfate (SDS), and 100mg/mL
salmon sperm DNA, the labeled product was added in fresh
hybridization buffer. Hybridization was performed overnight.
Thereafter, blots were rinsed twice at room temperature with 23
SSC buffer containing 0.1% SDS and exposed to an x-ray film
(Hyperfilm; Amersham). The results of hsstr subtype expression
were obtained by laser densitometric measurements, with higher
numeric values corresponding to higher signal intensity on x-ray
films using GelScan XLsoftware (Pharmacia, Upsala, Sweden).
COS7 cells, nontransfected and transfected with the respective
hsstr subtype-specific plasmids, were used as controls.

Radioligand Binding Assays
Radioligand binding studies were performed for evaluation of

DOTA-LAN binding sites expressed on tumor tissues. The assay
conditions were similar to those reported for other peptide ligands
(25,26). Tissues were cut into pieces and homogenized by means
of a tissue homogenizer in ice-cold Tris-HCl buffer at pH 7.4. For
each reaction vial, 30–50mg membrane protein were used. The
saturation experiments were performed in triplicate under steady-
state conditions at 4°C. Membrane fractions were incubated with

increasing concentrations of111In-DOTA-LAN (0.01–10 nmol/L)
in the absence (total binding) or the presence of DOTA-LAN and
SST-14 (1 mmol/L, nonspecific binding) for 90 min. Specific
binding was determined as the difference between total and non-
specific binding. Binding data were analyzed according to Scat-
chard (27). The number of binding sites (binding capacity [Bmax])
and the binding affinity (Kd, concentration of labeled ligand caus-
ing half-maximal binding) were determined. For displacement
studies, tumor cell membranes were incubated with 0.1 nmol/L
111In-DOTA-LAN in the absence (total binding) and the presence
of increasing concentrations (0.1 nmol/L to 1mmol/L, nonspecific
binding) of DOTA-LAN for 90 min. For separation of bound from
free ligand, the reaction product was diluted after incubation 1:10
with assay buffer and rapidly filtered through GF/c filters (What-
man, Inc., Clifton, NY). The radioactivity of each resulting pellet
was counted in ag-counter for 1 min each. The concentrations of
unlabeled ligand causing half-maximal inhibition were determined
from the resulting displacement curves.

RESULTS
111In-DOTA-LAN Scintigraphy

111In-DOTA-LAN scintigraphy identified lung tumor le-
sions ranging between 0.7 and 5 cm in diameter in all 47
patients with histologically verified lung tumors (Fig. 1).
Table 2 compares the111In-DOTA-LAN results with the CT
results in 28 patients with primary lung tumors.111In-
DOTA-LAN was able to visualize the primary tumor lesion
in all 16 patients with NSCLC and in all 6 patients with
SCLC. Lymph node metastases were identified in 6 of 6
patients with NSCLC and in 4 of 4 patients with SCLC. In
2 NSCLC patients (abdominal lymph node neoplasia [LNN]
in 1 patient, mediastinal LNN in the other patient) and in 1
lung carcinoid patient, additional lymph node involvement
was detected by111In-DOTA-LAN, which was also con-
firmed by FDG PET but not indicated by CT at that time.
Documented liver metastases were present in 5 patients

FIGURE 1. Coronal (A), sagittal (B), and
axial (C) views of 111In-DOTA-LAN SPECT
study of patient with squamous cell carci-
noma of left lung. (D) Corresponding CT
study.
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(1 NSCLC patient, 2 SCLC patients, 2 carcinoid patients)
and were visualized in 1 SCLC patient and 2 carcinoid
patients. Bone metastases documented in 5 patients (3
NSCLC patients, 2 SCLC patients) were seen in both pa-
tients with SCLC.

In all 7 lymphoma patients, the 4 patients with gut car-
cinoids, the 5 colorectal adenocarcinoma patients, and the 1
NEC patient,111In-DOTA-LAN scintigraphy detected lung
metastases as also seen on CT. Moreover, this tracer de-
tected lung metastases that were not documented previously
by CT of another NEC patient who was imaged by addi-
tional 111In-OCT scintigraphy. In the patient suffering from
angiosarcoma, metastases known in lung, mediastinal
lymph nodes, liver, and bone were visualized by111In-
DOTA-LAN.

All lesions were identified by111In-DOTA-LAN in the
cohort of 19 tumor patients with secondary spread to the
lung, but focal accumulations of111In-DOTA-LAN indicat-
ing liver metastases were also present in 2 of these patients.
In addition, LNN metastases were seen in 2 of 3 patients.

Radiation Dose Estimates for 111In-DOTA-LAN
After fitting individual ROIs over organs and primary

tumors or metastases, radiation absorbed doses were calcu-
lated for the spleen (median, 0.34 mGy/MBq), the kidneys
(median, 0.33 mGy/MBq), the urinary bladder (median,
0.18 mGy/MBq), the liver (median, 0.15 mGy/MBq), the
lung (median, 0.07 mGy/MBq), the bone marrow (median,
0.07 mGy/MBq), and the gonads (median, 0.06 mGy/MBq).
The effective dose ranged between 0.09 and 0.12 mSv/MBq
(median, 0.10 mSv/MBq). After evaluating the mean resi-
dence time,t, the median radiation dose to the lung tumors
or metastases was 1.3 mGy/MBq (range, 0.2–5 mGy/MBq)
(Table 3).

hsstr Expression
The presence of hsstr subtype-specific messenger RNA

(mRNA) in NSCLC was analyzed by Northern blot analysis
(Table 4). Strong expression of hsstr4 was found in all 4
squamous cell carcinoma samples, and hsstr2 was expressed

in 2 of these specimens. hsstr2 expression was found in both
adenocarcinomas investigated, whereas hsstr4 was ex-
pressed in only 1. The highest signal intensity on Northern
blotting was found for hsstr4 in squamous cell carcinomas
(Fig. 2). hsstr2 through hsstr4 were expressed in both lung
carcinoids and in the 2 SCLC tissue samples. hsstr5 was
expressed in carcinoids but not in SCLC tissue samples.

Radioligand Binding Results
111In-DOTA-LAN receptor binding assays performed

with NSCLC tissue samples (Fig. 3) obtained from scinti-
graphically evaluated NSCLC patients (n 5 2) indicated an
abundant number of hsstr binding sites. By Scatchard anal-
ysis, 2 distinct high-affinity binding classes were detected: 1
with a Bmax1of 0.30 pmol/mg protein (Kd, 4 nmol/L) and the
other with a Bmax2 of 0.05 pmol/mg protein (Kd, 0.5 nmol/L).

DISCUSSION

The high-level expression of hsstr on various tumor cells
compared with normal tissues or blood cells has provided
the molecular basis for successful application of radiola-

TABLE 2
Positive Results of 111In-DOTA-LAN Compared

with CT and Bone Scintigraphy

Histology
No. of

patients Primary
LNN

(1–3 cm) Liver Bone

NSCLC 16 16/16 6*/6 0/1 0/3
Adenocarcinoma 10 10/10 3/3 0/1 0/1
SCC 6 6/6 3/3 0/2

SCLC 6 6/6 3/4 1/2 2/2
Carcinoids 6 6/6 1*/1 2/2 1/0

*Additional lymph node metastases were found in 2 patients with
NSCLC and in 1 patient with carcinoid, and additional liver lesion
was found in 1 carcinoid patient.

LNN 5 lymph node neoplasia; SCC 5 squamous cell carcinoma.

TABLE 3
Organ and Tumor Dose Estimates (mGy/MBq)

for 111In-DOTA-LAN

Organ Median Range

Gonads 0.06 0.05–0.11
Kidneys 0.33 0.24–0.46
Liver 0.15 0.11–0.25
Lung 0.07 0.06–0.48
Red marrow 0.07 0.06–0.11
Spleen 0.34 0.26–0.64
Urinary bladder 0.18 0.16–0.25
Effective dose (mSv/MBq) 0.10 0.09–0.12
Lung primary 1.30 0.20–5.00
Lung metastases 0.49 0.26–1.60

TABLE 4
Northern Blot Analysis of mRNA Expression of SST

Receptor (hsstr) Subtypes 1–5

Patient
no. Histology hsstr1 hsstr2 hsstr3 hsstr4 hsstr5

1 SCC 2 1 2 11 1
2 SCC 2 11 1 111 1
3 SCC 2 11 1 111 1
4 SCC 2 1 2 11 1
5 A 2 1 2 1 2
6 A 2 1 2 2 2
7 C 1 1 11 11 11
8 C 2 1 11 11 11
9 SCLC 2 11 11 11 2

10 SCLC 2 11 2 11 2

SCC 5 squamous cell carcinoma; 2 5 negative; 1 5 weak
expression; 11 5 intermediate expression; 111 5 strong expres-
sion; A 5 adenocarcinoma; C 5 carcinoid.

1312 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 42 • No. 9 • September 2001



beled SST analogs for receptor-targeted diagnosis and treat-
ment (6,26,28,29). Our study was performed to investigate
the clinical potential of111In-DOTA-LAN for tumor local-
ization. 111In-DOTA-LAN visualized the primary tumor in
all 28 patients and lung metastases in all 19 patients in-
cluded in the series. Mediastinal lymph node metastases
were also revealed in all patients except 1 patient with
SCLC; this omission was probably associated with the small
size of the lesion (7 mm in diameter as revealed on CT).

Apart from lesions already revealed by conventional im-
aging, additional lesions were detected in 5 of the 47 pa-
tients with lung tumors. A priori unknown lymph node
metastases were visualized in 2 patients with adenocarcino-
mas and in 1 SCLC patient, whereas liver metastases and

additional lung lesions were seen in 1 carcinoid patient.
Moreover,111In-DOTA-LAN scintigraphy was the first im-
aging technique to give a positive result in 1 of the 2
patients with neuroendocrine tumors. These results indicate
that 111In-DOTA-LAN scintigraphy may provide new or
additional information (or both) in the staging of lung
tumors, including NSCLC. Our results with111In-DOTA-
LAN are in line with data obtained with111In-DTPA-D-
Phe1-OCT (6,30), which has consistently displayed a high
diagnostic value in patients with carcinoids.

The possibility of false-positive SSTR scintigraphic re-
sults in patients with granulomatous disease has already
been reported (7,8). In 1 of our NSCLC patients we also
observed an111In-DOTA-LAN–positive lesion that was
confirmed as tuberculosis by biopsy, indicating binding of
DOTA-LAN to intralesional inflammatory cells. However,
previous studies have shown (6,7,18,29,31) that the binding
of SST analogs to tumor lesions is more avid than in
granulomatous and other nonmalignant processes. Blum et
al. (8) have described the correct identification or exclusion
of malignancy in 27 of 30 subjects with radiographically
indeterminate solitary pulmonary nodules investigated with
the 99mTc-labeled SST analog P829, with a favorable sen-
sitivity of 93% and a specificity of 88% compared with
transthoracic needle biopsy. These data appear to be supe-
rior to those of FDG PET, which has been reported to be
more accurate in revealing intrathoracal metastatic disease
compared with CT or MRI (32,33). However, these data
have to be interpreted with caution because larger studies
are still warranted to identify the specificity of SST-based
tracers in terms of distinction between benign from malig-
nant tissues.

FIGURE 2. 111In-DOTA-LAN specific bind-
ing to squamous cell carcinoma. Inset
shows 2 high-affinity binding classes: Kd

values of 0.5 and 5 nmol/L.

FIGURE 3. Northern blot analysis (patient 3, Table 4). Trans-
fected and nontransfected COS7 cells were used as positive
and negative controls, respectively.
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From the clinical point of view, clear-cut exclusion of
malignancy by means of scintigraphy appears not to be
possible to date. Nonetheless, a positive scan result should
certainly lead to invasive techniques to verify or to rule out
malignancy by histologic investigation.

In vitro studies have shown that up to 70% of SCLC
express specific binding sites for hsstr (34), whereas the
absence and presence of hsstr expression have been reported
in NSCLC (25,35,36). Furthermore, uptake of radiolabeled
SSTR ligands by nonmalignant cells within the tumor (stro-
ma, inflammatory cells, necrotic tissue, vessels) has been
debated (37,38). To our knowledge, this is the first report on
hsstr4 and hsstr5 expression in NSCLC tissues. Thomas et
al. (35) described hsstr1 and hsstr2 gene expression but no
hsstr3 gene expression using a polymerase chain reaction
technique, and the transcription level was higher for hsstr1
than for hsstr2. However, 37% of all polymerase chain
reactions were negative. O’Byrne et al. (36) found a single
class of specific high-affinity binding sites in 3 of 3 NSCLC
tissues (Kd, 8.1–6 nmol/L; Bmax, 0.9–1.9 pmol/mg), leading
the authors to hypothesize that NSCLC cells per se do not
express specific binding sites and that binding might be
caused by interaction with other cells such as stroma cells,
inflammatory cells, or necrotic tissue. Sreedharan et al. (37)
reported the expression of hsstr on human lymphocytes,
suggesting that inflammatory reactions resulting in lympho-
cytic infiltration might lead to positive results. Another
potential basis of positive results in terms of SSTR scintig-
raphy was presented by Reubi et al. (38): hsstr expression
was found not only in tumoral tissues (especially in intes-
tinal carcinomas) but also in the peripheral vascular system,
suggesting a crucial regulatory role for hemodynamic tu-
mor–host interactions. Furthermore, the failure to document
hsstr expression in tumors by autoradiography could be
associated with an insufficient sensitivity of this technique
or absence of receptor expression caused by a low transla-
tion rate of mRNA, posttranslational modification, or a
rapid turnover of surface receptors (36). We showed by
Northern blot analysis that squamous cell carcinomas ex-
press mRNA for hsstr4 and hsstr5 and also, to a lesser
extent, hsstr3 and hsstr2. Adenocarcinomas, which also
express other hsstr subtypes, seem to have a different ex-
pression pattern. Earlier studies have also described differ-
ent results for colorectal adenocarcinomas (17). Taken to-
gether, our results (an abundant number of binding sites, a
high binding affinity for DOTA-LAN in NSCLC tissue,
positive scan results in vivo) support the hypothesis of the
presence of various hsstr subtypes in NSCLC.

Because of the demand of new therapeutic concepts for
patients with inoperable cancer or tumors refractory to
radiation and chemotherapy, we have also performed dosi-
metric calculations. Our data are comparable to previous
results (18) on tumor dose estimates showing doses ranging
from 0.2 to 5 mGy/MBq for111In-DOTA-LAN. In addition,
calculations for projected doses of90Y-DOTA-LAN, which
has a similar biodistribution and is assumed to display

behavior identical to that of111In-DOTA-LAN in human
tumors (18,19), ranged from 5 to 50 mGy/MBq. Preliminary
encouraging data on successful treatment of hsstr-positive
tumors with radiolabeled SST analogs have been reported,
and DOTA-LAN may present a potential alternative ap-
proach (18,39).

CONCLUSION

On the basis of hsstr recognition,111In-DOTA-LAN
yields a high diagnostic efficacy and promising tumor ac-
cumulation in terms of dosimetry in a large variety of
human lung tumor types. The high tumor uptake for SST
analogs might provide the basis for experimental therapy
approaches in patients with lung cancer.
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