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Abstract. Purpose: The aim of this study was to evaluate
the clinical usefulness of scintigraphywith 99mTc-depreotide
in the assessment of loco-regional nodal spread in patients
with suspected lung cancer in comparison with computed
tomography (CT).
Methods: Eighty-six patients were investigated with single-
photon emission computed tomography (SPECT) of the
thorax after i.v. injection of 740 MBq 99mTc-depreotide.
The results were evaluated in conjunction with a thoracic
CT scan in all 86 patients with 204 lymph node stations.
The scintigraphic results were correlated with cytological
(38), histological (20) or clinical–radiological (146) find-
ings and compared with CT. The quantitative evaluation of
depreotide uptake was performed on 48 cytologically or
histologically verified nodal stations from 28 patients by
SPECT using region of interest analysis with four different
reference regions.
Results: 99mTc-depreotide scintigraphy for all 204 inves-
tigated lymph node stations had a sensitivity of 99% and a
negative predictive value of 98% in determining lymph
node involvement. Scintigraphy and CT showed the same
level of accuracy, 76.4%. CT findings had a higher positive
predictive value but a lower negative predictive value com-
pared to 99mTc-depreotide scintigraphy. The quantitative
evaluation of depreotide uptake in lymph nodes using ver-
tebra as a reference region showed that a cut-off level of
0.56 excludes malignant involvement of lymph nodes,
while a cut-off level of 1.66 excludes benign disease in
lymph nodes. About 73% of all investigated lymph node
stations showed uptake values between these cut-off levels.
Conclusion:Absence of 99mTc-depreotide uptake on scinti-
graphic imaging can exclude regional lymph node involve-
ment with a high degree of probability and may be useful in

clinical practice. The quantitative evaluation of depreotide
uptake in regional lymph nodes did not increase the diag-
nostic accuracy of the method in general but did elucidate
the lymph node status in some patients.
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Introduction

Lung cancer is one of the most prevalent cancers and is the
leading course of cancer mortality in Europe and the USA.
In the year 2003, 2,900 new cases of lung cancer were di-
agnosed in Sweden, and about 10% of these patients at-
tended our hospital. At the time of diagnosis the disease had
spread beyond the primary site in most cases. There is a
clear relationship between tumour stage and survival. Thus,
patients with a small tumour without nodal or distant me-
tastasis (stage 1A) have a 60–80% 5-year survival rate after
surgery, whereas patients with metastatic disease have less
than a 5% 5-year survival rate [1]. Tumour stage is one of
the decisive prognostic parameters and is crucial in choos-
ing the appropriate therapeutic option. Using anatomical
imaging techniques, such as helical computed tomography
(CT), the nodal (N-) status is based entirely on nodal size,
which correlates unsatisfactorily with tumour involvement
[2]. Thus other molecular/anatomical functional imaging
techniques have attracted increasing interest during the past
decade.

Positron emission tomography (PET) with 18F-2-fluoro-
2-deoxy-D-glucose (FDG), which is based on the recog-
nition of altered metabolism, has been used for tumour
staging in countries with access to PET cameras. A meta-
analysis of use of this imaging technique in the detection of
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nodal spread revealed a sensitivity of 83% and a specificity
of 89% [3]. Several other tracers, such as 67Ga citrate and
99mTc-sestamibi, have previously been studied in the
imaging of lung cancer, but these tracers are not in routine
use owing to their low accuracy. Recently, a radiolabelled
somatostatin analogue, 99mTc-depreotide (NeoSpect), was
approved by The National Swedish Board of Health and
Welfare for the evaluation of pulmonary nodules. A multi-
centre trial including 114 patients with indeterminate lung
nodules showed a high sensitivity (96.6%) of somatostatin
receptor scintigraphy with 99mTc-depreotide with respect to
lung cancer [4]. However, the significance of 99mTc-dep-
reotide uptake for the N status of lung cancer has not been
properly investigated, and the purpose of this study was to
address this issue.

In order to evaluate the clinical usefulness of 99mTc-
Depreotide scintigraphy in the assessment of nodal involve-
ment (hilar, mediastinal, supraclavicular and axillary regions)
in patients with lung cancer, we posed the following ques-
tions: How do the results of somatostatin receptor scin-
tigraphy correlate with cytological/pathological and/or
clinical evaluation of lymph node involvement? Which
method, CT or somatostatin receptor scintigraphy, corre-
lates best with N status? Could quantitative analysis of
depreotide uptake be used to achieve more accurate differ-
entiation between malignant and benign conditions in re-
gional lymph nodes?

Materials and methods

Study population

The study started after approval had been obtained from the local
ethical and radiation safety committees. A total of 99 patients with
lung lesions detected using CTwere prospectively investigated at our
department using 99mTc-depreotide scintigraphy (GE Healthcare
Bio-Sciences, Amersham Health AB, Sweden) between April 2003
and January 2004. Seven of them did not have primary lung cancer
and will not be discussed further; six patients without a final diag-
nosis were also excluded. Thus 86 patients, 41 women and 45 men
(mean age 64.7 years, median 65 years, range 31–83 years), were
included.

CT imaging

CTwas performed as a part of the routine assessment. In 71 patients it
was performed up to 70 days before scintigraphy. In patients in whom
CTwas performedmore than 2months before scintigraphy, a newCT
scan was ordered, and in 18 patients a repeat CT was performed
within a maximum of 60 days after scintigraphy. CTand scintigraphy
were performed within 30 days in 57 of the 86 patients. The CTscans
were performed at our hospital (n=59) or at referring departments
(n=27).At our hospital, CTscanswere performed either with themulti-
slice spiral CT Somatom Volume Zoom (Siemens, Erlangen, Ger-
many), slice thickness 4�1 mm, pitch 1.5, or with the spiral CT
single-slice Tomoscan AVE1 (Philips Medical Systems, Eindhoven,
the Netherlands), slice thickness 5 mm, pitch 1.5. Images were re-
constructed with 5-mm slice thickness for mediastinum and 10-mm
slice thickness for the lungs. All scans were performed during a single
breath-hold, following the intravenous injection of 120 ml contrast

medium. The CT technique of the referring hospitals varied, but was
essentially the same as that in our hospital. CTscans were assessed as
part of a routine clinical evaluation by at least two radiologists, one of
whom was a thoracic radiologist. The CT scans from the referring
departments were double read by the thoracic radiologist from our
department and the co-worker in this study, and this assessment was
used for study evaluations. The presence, site and size of mediastinal,
hilar, supraclavicular and axillary nodes were recorded according to
the American Thoracic Society lymph node station mapping system.
Lymph nodes with a diameter of less than 1 cm in the shortest axis
were considered normal in size and those with a diameter of 1 cm or
more were defined as pathological.

99mTc-depreotide imaging

99mTc-depreotide (740 MBq, 20 mCi) was administered in an ante-
cubital vein. The examination was performed with a double-headed
gamma camera (DST-XL, Sopha Medical Vision Scandinavia AB,
GE, USA or E-Cam Siemens, Germany) with low-energy, ultra-high-
resolution, parallel-hole collimators. All patients were first examined
with whole-body scanning and then with single-photon emission
computed tomography (SPECT) of the thorax 2–4 h after injection.
The arms were elevated during the SPECT study and were placed
alongside the body during whole-body scanning. SPECT data were
acquired in a 128�128 matrix through 360° rotation with 64 pro-
jections. The acquisition time for each projection was 40 s. Trans-
verse slices were reconstructed with an iterative algorithm (HOSEM
Iterative program; Hermes/NUD; Stockholm, Sweden) and formatted
as a 128�128 matrix without attenuation correction. Images were
post-filtered with a 3D Fourier filter (Butterworth filter with a cut-off
frequency of 0.65 cycles/cm, order 5). The scintigrams were eval-
uated along with CT by a team consisting of two specialists: one
thoracic radiologist and one radiologist/nuclear medicine physician.
CT was used since reading of the scintigrams requires anatomical
landmarks provided by CT images. Such an interpretive approach
provides more definitive localisation of the abnormal depreotide
uptake.

Correlation between CT, scintigraphy and N status

The definitive diagnosis of the lung lesions was made by cytological
(n=36) or histological (n=37) investigation or by clinical–radiolog-
ical follow-up (n=13). In the last group of 13 patients, either reso-
lution of lung lesions or disease progression was used as a criterion
for definitive diagnosis upon repetition of radiological investigation
after at least 6 months. The patient's demographic and clinical–path-
ological characteristics are summarised in Table 1.

Table 1. Demographic and clinical–pathological characteristics of
the study population

Parameter Value

No. of patients 86
Age range (years) 31–83
Women/men 41/45
Benign/malignant lesions 30/56
Diagnosed cytologically/histologically/
clinico-radiologically

36/37/13

Clinical T factor for malignant
lesions (1/2/3/4)

14/23/3/16
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Lymph node involvement was determined by histological exam-
ination of pre-operatively sampled hilar and/or mediastinal nodes
(thoracotomy or mediastinoscopy) or by cytology from fine-needle
aspiration of supraclavicular or axillary nodes. Lymph nodes were
dissected in two parts if they were less than 10 mm in diameter and
each part was separately embedded and routinely stained with haemat-
oxylin-eosin (HE) for light microscopic investigation. Besides rou-
tine staining, immunohistochemical (IHC) evaluation was performed
in most cases in order to establish the origin of the metastatic in-
volvement. An experienced pathologist interpreted the histological
examinations of removed lymph nodes.

In patients with generally extended metastatic disease at the time
of diagnosis and in those with a low probability of malignancy at first
visit to the oncologist, no histological/cytological verification of
lymph node involvement was performed. The N status in these cases
was determined on the basis of the CT scan (size, existence of necro-
sis) and clinical–radiological (chest X-ray or CT) follow-up at our
department at least 6 months after the initial CT and scintigraphy. A
summary of the data concerning lymph node evaluation is presented
in Table 2.

The results of 99mTc-depreotide scintigraphywere comparedwith
those of CTwith regard to the N status. Per site sensitivity, specificity,
accuracy and positive and negative predictive values were deter-
mined for each procedure. These values were calculated twice: first
for the group of 28 patients with cytological/histological verification
of nodal status in 48 lymph node stations, and second for all 204
lymph node stations with the lymph node status determined by path-
ological examinations and also clinical–radiological follow-up. The
first calculation is considered more accurate.

Quantitative analysis

The quantitative evaluation of depreotide uptake was made retro-
spectively after surgery. From surgical reports we collected informa-
tion about which individual lymph node stations (the 1983 American
Thoracic Society scheme was used) had been sampled, along with the
results of histological or cytological examination of these lymph
nodes.

The quantitative evaluation of depreotide uptake in lymph nodes
was made by SPECT in the 28 patients with cytological/histological
verification of nodal status in 48 nodal stations. Of these patients, two
were 45 and 49 years old, five were between 50 and 60 years old and
21 were older than 60 years. Themedian age of the 28 patients was 66
years. Because of its known low spatial resolution, scintigraphy can-
not identify whether an increased 99mTc-depreotide uptake exists in
one, two or more separate lymph nodes in each lymph node station.
For this reason we analysed the correlation between depreotide up-
take in lymph node stations and cytological or histological status
irrespective of the number of metastatic lymph nodes in each station,

e.g. if the histological examination revealed cancer involvement in
one of three lymph nodes in paratracheal stations, the whole group
was considered metastatic. The quantitative evaluation of thoracic
lymph node uptake was made using regions of interest (ROIs) drawn
on tomographic images over each lymph node station and for com-
parison over different reference areas: sternum, thoracic vertebra, lung
parenchyma and spleen (Fig. 1). The reference areas were checked on
corresponding CT scans for the absence of metastatic involvement.
These ROIs contained identical pixel numbers. The tumour-to-refer-
ence ratio was calculated by dividing the tumour counts by the counts
in the reference region. The absolute values varied considerably and
we used the ratios instead of the absolute values.

Statistics

For two variables an extreme value might heavily influence and bias
results; therefore a stratified Mann-Whitney test (non-parametric
statistics) was performed and the p value calculated; p values less than
0.05were considered significant. A chi-square test was used to analyse
the association between size and diagnosis. The statistical measure-
ment of agreement between the applied methods, e.g. 99mTc-depreo-
tide scintigraphy or CT and cytological/histological N status, for the
48 lymph node stations was performed using Cohen's kappa. The
same approach was used to measure the agreement between these
methods for all 204 investigated lymph node stations. Kappa values
less than 0.40 indicate poor agreement, kappa values between 0.40
and 0.75, fair to good agreement, and kappa values above 0.75, strong
agreement. Per site sensitivity, specificity, accuracy and positive
and negative predictive values were determined for each applied
procedure.

Results

Of the 86 patients included, 56 had malignant and 30 be-
nign diagnoses. The histological subtypes of lung cancer
for the aforementioned 56 patients are presented in Table 3,
and the diagnoses in the 30 patients with benign lung le-
sions are presented in Table 4. Pathological depreotide up-
take was seen in all but one patient with lung cancer and in
several benign lesions. The patient with depreotide-nega-
tive bronco-alveolar carcinoma had no nodal involvement
and no depreotide uptake in lymph nodes. Detailed discus-
sion of depreotide uptake in lung lesions will be presented
in a separate paper currently under preparation. The N sta-

Table 2. Characteristics of 204 investigated lymph nodes

Parameter Malignant
disease in
lung

Benign
disease
in lung

Total

No. of patients 56 30 86
No. of investigated
lymph nodes

113 91 204

Defined cytologically/
histologically/
radiologically

12/7/94 26/13/52 38/20/146

Clinical N status (0/1/2/3) 16/5/18/17

Fig. 1. Quantitative measurement of depreotide uptake in the lymph
node with thoracic vertebra as a reference region. The ROI box
included 2.5 ml tissue. The quotient for this measurement was 1.37
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tus was determined for each patient on the basis of cyto-
logical (n=38), histological (n=20) or clinical–radiological
findings (n=146). At the time of presentation, lymph node
involvement was found in 39 of the 56 (70%) patients with
lung cancer.

Correlation between CT, scintigraphy and N status

The correlation of 99mTc-depreotide scintigraphy and CT
with cytological or histological nodal status of the 48 lo-
cal/regional lymph node stations in 28 patients is presented
in Table 5. 99mTc-depreotide scintigraphy had a sensitivity
of 93.7% and a negative predictive value of 93.7% in de-
termining lymph node involvement. Scintigraphy and CT
showed almost the same level of accuracy, i.e. 62.5% and
64.5% respectively. CT findings had a lower positive pre-
dictive value and a lower negative predictive value com-
pared to 99mTc-depreotide scintigraphy.

Lymph nodes in one station were slightly enlarged on
CT and it was difficult to define the N status in this patient.
This case was considered as “unclear, probably metastatic”
by CT definition but was not metastatic in the subsequent
cytological/histological examination. When defining the di-
agnostic accuracy of CT, this lymphatic station was graded
as malignant in accordance with clinical practice (whereby
malignancy is considered present until the opposite is prov-
en). The same principle was used later when evaluating all
204 nodes.

The only false negative result on scintigraphy was seen
in a patient with a poorly differentiated adenocarcinoma in
the left upper lobe, with a diameter of 3 cm. There was high-

intensity depreotide uptake in the primary tumour and ab-
sence of uptake in the hilar region. Histological examination
of hilar lymph nodes revealed micro-metastases in one of
two nodes.

The results of 99mTc-depreotide scintigraphy and CT
findings in comparison with the N status for all 204 lymph
node stations in all 86 patients, regardless of the exam-
ination method, are presented in Table 6.

False positive 99mTc-depreotide uptake was detected in
13 patients with benign lung diseases (39 lymph node
stations): seven patients with pneumonia, one with pleural
disease, two with sarcoidosis, one with a granuloma, one
with round atelectasis and one with atelectasis. Moreover,
eight patients with lung cancer showed 99mTc-depreotide
uptake in lymph nodes whereas clinical–radiological N
status (in two patients) or cytological/histological evalua-
tion with routine HE staining (in six patients, with addition-
al IHC evaluation in one of them) did not reveal metastatic
spread to that nodal station. Three of these patients died
within 6 months of diagnosis because of general disease
progression, while five had no evidence of nodal involve-
ment on plain X-ray examinations at follow-up after 12–16
months (only one of these patients underwent follow-up
using CT).

There were 30 false positive diagnoses of nodal
involvement on the CT scan. In addition, the nine unclear
diagnoses were considered malignant until the opposite
could be proven, and the total number of false positive
results was thus 39. No metastases were found in the nine
lymph node stations with an unclear CT diagnosis.

Table 3. Pathological diagnosis in 56 malignant lung lesions

Diagnosis No.

Adenocarcinoma 32
Squamous carcinoma 12
Small cell lung carcinoma 3
Large cell/undifferentiated carcinoma 7
Other types: mucoepidermal, adenosquamous 2
Total 56

Table 4. Final diagnosis in 30 benign lung lesions

Diagnosis No.

Hamartoma 8
Pneumonia 9
Interstitial pneumonitis 2
Granuloma 1
Pleural disease 2
Sarcoidosis 2
Atelectasis 1
Round atelectasis 1
Others 4
Total 30

Table 5. Correlation between 99mTc-depreotide scintigraphy and CT
findings and cytological or histological status in 28 patients with 48
investigated nodal stations

Outcome 99mTc-depreotide scintigraphy CT

True positive 15 13
False negative 1 3
False positive 17 13+1a

True negative 15 18
Total 48 48

aWas slightly enlarged and considered as “unclear, probably
metastatic”. No metastases were later found in this nodal station

Table 6. Correlation between 99mTc-depreotide scintigraphy and CT
findings and final N staging in 86 patients with 204 evaluated nodal
stations

Outcome 99mTc-depreotide scintigraphy CT

True positive 100 92
False negative 1 9
False positive 47 30+9a

True negative 56 64
Total 204 204

aNone of these nine lymph node stations had proven metastases
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The diagnostic accuracy of 99mTc-depreotide scintig-
raphy and CT in the evaluation of N status is presented in
Table 7. The statistical measurement of agreement between
the applied methods (i.e. between 99mTc-depreotide scin-
tigraphy or CT and cytological/histological diagnosis) for
48 lymph node stations, performed using Cohen's kappa,
showed a kappa value of 0.3 for scintigraphy and 0.2 for
CT. The kappa value for all 204 lymph nodes in this study
was 0.53 for scintigraphy and 0.54 for CT, which indicates
that both methods showed poor agreement with microscop-
ic examination and fair agreement with N status.

Quantitative analysis

In the group of 28 patients with cytological/histological
verification of nodal status in 48 lymph node stations,
lymph nodes with a short axis of less than 1 cm were found
in 26 of the evaluated lymph node stations, while lymph
nodes with a short axis of 1 cm or more were found in the
remaining 22. Of the lymph nodes with a benign pathology,
67.7%were less than 1 cm in the shortest axis, while 70.5%
of lymph nodes with a malignant pathology were 1 cm or
more in the shortest axis.

A statistically significant difference in depreotide uptake
was found between benign and metastatic lymph nodes for
three reference regions, with p values of 0.009 for sternum,

0.003 for vertebra and 0.03 for spleen. The descriptive sta-
tistics for depreotide uptake in lymph nodes with different
reference regions are presented for benign lymph node dis-
eases in Table 8 and for metastatic lymph nodes in Table 9.

Using a thoracic vertebra as a reference region, there
were nometastatic lymph nodes with depreotide uptake less
than 0.56 and there were no benign lymph node diseases
with an uptake of more than 1.66. Between these cut-off
values there were 20 benign and 15malignant lymph nodes.
Thus, using these cut-off values, 72.9% of investigated
lymph nodes had an “indeterminate” status, while N status
was elucidated in about 27.1% of patients. For the sternum,
a lower cut-off value of 0.61 and a higher cut-off value of
2.43 yielded 38 (79.1%) lymph nodes with an indetermi-
nate status, while for the spleen, a lower cut-off value of
0.17 and a higher cut-off value of 0.84 yielded 37 (77%)
lymph nodes with an indeterminate status.

Discussion

It is well known that radical surgery provides the only
chance of a cure for lung cancer. However, if the cancer has
extended to mediastinal lymph nodes, surgery is not gener-
ally applicable. Instead, chemotherapy and radiation thera-
py are used in different protocols. When distant metastases
occur, only chemotherapy can be provided. Thesemeasures,
however, are never curative.

Table 7. Diagnostic accuracy of 99mTc-depreotide scintigraphy and CT in the evaluation of N status

99mTc-depreotide scintigraphy CT

48 lymph node stations
with PAD (%)

All 204 evaluated
nodal stations (%)

48 lymph node stations
with PAD (%)

All 204 evaluated
nodal stations (%)

Sensitivity 93.7 99.0 81.2 91.0
Specificity 46.8 45.6 56.2 62.1
Accuracy 62.5 76.4 64.5 76.4
Positive predictive value 46.8 64.1 41.9 70.2
Negative predictive value 93.7 98.2 85.7 87.6

PAD pathological–anatomical diagnosis

Table 8. Quantitative evaluation of depreotide uptake values in
lymph nodes with different reference regions: descriptive statistics in
28 patients with 31 benign lymph nodes

Reference
region

Mean Median Minimum Maximum Std.
deviation

Sternum 1.01 0.86 0.42 2.43 0.50
Lung 1.80 1.76 0.51 3.80 0.80
Vertebra 0.72 0.66 0.27 1.66 0.34
Spleen 0.29 0.23 0.09 0.84 0.17

Tumour-to-reference ratio was calculated by dividing the tumour
counts by the counts in the reference region, and results are
presented as mean, median, minimum and maximum of all values
Std Standard

Table 9. Quantitative evaluation of depreotide uptake values in
lymph nodes with different reference regions: descriptive statistics in
28 patients with 17 metastatic lymph nodes

Reference
region

Mean Median Minimum Maximum Std.
deviation

Sternum 1.42 1.39 0.61 3.05 0.61
Lung 2.47 1.93 1.23 5.35 1.17
Vertebra 1.12 1.20 0.56 2.92 0.55
Spleen 0.38 0.36 0.17 0.73 0.16

Tumour-to-reference ratio was calculated by dividing the tumour
counts by the reference counts and results are presented as mean,
median, minimum and maximum of all values
Std Standard
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The fact that somatostatin receptors are over-expressed
in many malignant tumours provides the basis for differ-
entiating malignant from other tissues by nuclear imaging
using somatostatin receptor-binding radiotracers. There are
a number of reports confirming the presence of somato-
statin receptors on non-small cell lung cancer tumours and
cell lines [5–7]. Thus, physiological imaging of somato-
statin receptors with 99mTc-depreotide makes it possible to
differentiate malignant from benign lesions in the lung. The
metabolism and disposition of depreotide have not been
studied in humans, and the normal biodistribution of 99mTc-
depreotide, as well as its specific uptake in various patho-
logical conditions, is not well documented. The normal
variants include increased depreotide uptake in the spine,
sternum and rib ends and low-level increased uptake in the
hilar and mediastinal regions [8]. The diagnostic value of
99mTc-depreotide scintigraphy in the evaluation of solitary
pulmonary nodules has been evaluated in a few studies [4,
9]. As the SPECT reconstruction volume includes both the
primary lung lesion and regional lymph nodes, it is simple
to assess information about both during the same imaging
session.

Scintigraphic evaluation of regional lymph nodes dis-
played a high sensitivity (93.7–99%) in our study. The only
false negative case was found in a patient with micro-
metastatic involvement; this result could have been due to
the limits of the technique in detecting a minimal tumour
mass, and therefore somatostatin receptor scintigraphy seems
less reliable in detecting minimal disease in mediastinal
lymph nodes. Somewhat contradictory resultswere obtained
in a trial by a Canadian group [10] who evaluated 99mTc-
depreotide uptake in 260 regional lymph node stations in 51
patients with histologically proven lung cancer. Besides
routine staining with HE, 100 lymph node stations with
HE-negative readings were additionally tested with cyto-
keratin IHC stains. Overall sensitivity for hilar and/or me-
diastinal metastases was 95%, with a negative predictive
value of 92%, which corresponds to our results. However,
the rate of detection of micro-metastases was extremely
high: 11 of 12 (92%) cases with proven micro-metastases
were detected by depreotide. The differences in the findings
of the two studies might be explained by the more frequent
use of IHC by the Canadian group.

Another study performed on 166 subjects with sus-
pected lung cancer, performed by Kahn et al. at the Univer-
sity of Iowa, showed a lower sensitivity (68%) and higher
specificity (70%) than we found [11]. This difference can
be explained by the selection of patients: only patients with
operable and potentially curable lung cancer were enrolled,
i.e. patients in the early stages of the disease. In the study
from Iowa, 75% of patients were free from nodal involve-
ment. Our situation was almost the opposite: 70% of our
patients with lung cancer had extension to adjacent loco-
regional lymph nodes at the time of presentation.Moreover,
Kahn et al. compared depreotide uptake with 18F-FDG up-
take on PET in patients with mediastinal involvement. The
use of PET is still limited to a few hospitals in Sweden,
while 30 different hospitals have nuclear medicine depart-

ments equipped with gamma cameras and can easily per-
form scintigraphy with depreotide.

The specificity of 99mTc-depreotide scintigraphy was
poor in our cohort of patients, at ca. 45%. This is in accor-
dance with the results from the Canadian group [10]. The
large number of lymph nodes with false positive depreotide
uptake has several possible explanations, one being the
presence of inflammatory processes, and another the pres-
ence of somatostatin receptors in the vascular or bronchial
walls [8, 11, 12].

The role of the regional lymph nodes in neoplasia in
general and in metastasis in particular is as important as it is
controversial. Unquestionably, the regional lymph nodes
may be involved immunologically in the host response to
neoplasms [13]. Tumour presencemay stimulate the produc-
tion and release of immunocompetent cells in the lympho-
reticular system. The reaction commences in the regional
lymph nodes, but later extends to distant nodes and the
spleen.

It is well documented that somatostatin receptors are ex-
pressed on normal as well as activated monocytes, lym-
phocytes, lymphocytic leukaemia cells and lymphoid cell
lines. Normal lymphocytes have low-affinity receptors; ac-
tivated lymphocytes present somatostatin receptors with Kd

values in the nanomolar range, which suggests that so-
matostatin receptor expression is related to activation and/or
proliferation of these cells [14]. In previous studies, several
radiolabelled somatostatin analogues have shown varying
degrees of binding to haematopoietic cells, including lym-
phocytes, and this is also the case for depreotide [7]. There is
still much research to be done, and one could assume that
even depreotide uptake in lymphocytes might depend on
their activation.

When comparing CT and depreotide scintigraphy, we
found that neither correlated well with cytological/histo-
logical diagnosis and that both methods showed the same
level of accuracy (76%). Enlargement of lymph nodes can
be due to hyperplasia of lymph node follicles accompanied
by proliferation of reticulum cells and sinus endothelium or
active growth of tumour cells. CT findings, based on nodal
size, i.e. a morphological criterion, have a higher positive
predictive value than depreotide scintigraphy based on
over-expression of somatostatin receptors. The absence of
over-expression of somatostatin receptors is a more reliable
non-morphological criterion for exclusion of malignant nod-
al extension. Thus, in patients with enlarged lymph nodes
on CT, negative results of 99mTc-depreotide scintigraphy
might exclude nodal spread.

Shih and Samayoa [15] evaluated the biodistribution of
99mTc-depreotide and made several observations: (1) the
very faint uptake in normal lungs makes depreotide espe-
cially suitable for the detection of lung cancer, (2) the high
intensity of radioactivity in the spleen can provide useful
guidance for the categorisation of pulmonary lesions and
(3) themild uptake in the sternum and the thoracic vertebrae
could be used as a landmark. The depreotide uptake in bone
structures had the same level of intensity in all 29 inves-
tigated patients regardless of age. Age distribution in that

930
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study was 44–82 years, with an average age of 65.79 years,
which is almost the same as in our cohort of patients. They
further pointed out that depreotide imaging is similar to
bone scintigraphy, but bone/bone marrow activity is much
less than that on bone scan.We could not readily explain the
exact mechanism of the 99mTc-depreotide uptake in these
areas, but it may well be due to bone marrow uptake —
which was constantly high in another study [16].

In the quantitative evaluation of lung lesions, both the
normal lung parenchyma and thoracic vertebrae have been
used as reference regions [14]. However, no data exist con-
cerning quantitative evaluation of depreotide uptake in lymph
nodes. We found some consistent similarities with respect
to depreotide uptake in different reference regions: the ster-
num, vertebrae and spleen showed high depreotide uptake
in all images, and all are considered normal variants by us
and by others [8, 15]. The healthy lung parenchyma dem-
onstrated very faint tracer uptake. The same pattern of de-
preotide uptake has been seen even in patients with benign
lesions. As the sternum, vertebrae and spleen are easily
delineated structures included in the reconstruction vol-
ume, all were used as reference regions. Since 21 of the 28
patients included in the quantitative evaluation were older
than 60 years (the median age for all 28 patients was 66
years), we considered that there would not be substantial
bias due to age. Moreover, all reference areas were checked
on corresponding CT scans to exclude any metastatic in-
volvement. The statistical analyses showed that sternum,
thoracic vertebrae and spleen could be used as reference
regions with statistically significant p values. When a tho-
racic vertebra was used as the reference region, a depre-
otide uptake value of >1.66 resulted in 100% specificity
and a positive predictive value highly suggestive of meta-
static involvement. In contrast, uptake values of less than
0.56 resulted in 100% sensitivity in excluding lymph node
involvement. Twenty benign and 15 malignant lymph node
stations were within the uptake range of 0.56–1.66. Using
these cut-off values, 73% of the investigated lymph nodes
had an “indeterminate” status, which would not be helpful
in daily practice. On the other hand, 27% of patients had
their N status elucidated by adding quantitative analysis.
The practical situation when using the sternum and spleen as
reference regions was similar: 79% and 77%, respectively,
of lymph nodes were between cut-off values, and quan-
titative evaluation of these would not be helpful in deter-
mining the nature of the lymph nodes.

In conclusion, a negative result with scintigraphic imag-
ing with 99mTc-depreotide can exclude cancer involvement
of loco-regional lymph nodes with a high degree of prob-
ability and may be very useful in clinical practice. The
quantitative evaluation of depreotide uptake in regional
lymph nodes did not increase the diagnostic accuracy of the
method in general but did elucidate the N status in some
patients.
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