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Abstract
Purpose Somatostatin receptors (SSTR) are known for an
overexpression in gastroenteropancreatic neuroendocrine
tumours (GEP-NET). The aim of the present study was to
find out if the receptor density predicted by the semi-
quantitative parameters generated from the static positron
emission tomography (PET/CT) correlated with the in vitro
immunohistochemistry using a novel rabbit monoclonal
anti-SSTR2A antibody (clone UMB-1) for specific
SSTR2A immunohistochemistry and polyclonal antibodies
for SSTR1 and 3–5.
Methods Overall 14 surgical specimens generated from 34
histologically documented GEP-NET patients were corre-
lated with the preoperative 68Ga-DOTA-NOC PET/CT.

Quantitative assessment of the receptor density was done
using the immunoreactive score (IRS) of Remmele and
Stegner; the additional 4-point IRS classification for
immunohistochemistry and standardized uptake values
(SUVmax and SUVmean) were used for PET/CT.
Results The IRS for SSTR2A and SSTR5 correlated highly
significant with the SUVmax on the PET/CT (p<0.001; p<
0.05) and the IRS for SSTR2Awith the SUVmean (p<0.013).
The level of SSTR2A score correlated significantly with
chromogranin A staining and indirectly to the tumour
grading.
Conclusion The highly significant correlation between
SSTR2A and SSTR5 and the SUVmax on the 68Ga-
DOTA-NOC PET/CT scans is concordant with the affinity
profile of 68Ga-DOTA-NOC to the SSTR subtypes and
demonstrates the excellent qualification of somatostatin
analogues in the diagnostics of NET. This study correlating
somatostatin receptor imaging using 68Ga-DOTA-NOC
PET/CT with immunohistochemically analysed SSTR also
underlines the approval of therapy using somatostatin
analogues, follow-up imaging as well as radionuclide
therapy.

Keywords Neuroendocrine tumour . Somatostatin receptor
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Clone UMB-1

Introduction

Gastroenteropancreatic neuroendocrine tumours (GEP-
NET) are known for an overexpression of somatostatin
receptors (SSTR), which already serves as a molecular
basis for different methods of diagnostics and therapies

Both authors contributed equally to the manuscript.

D. Kaemmerer (*) : S.-P. Haugvik :M. Hommann
Department of General and Visceral Surgery,
Zentralklinik Bad Berka GmbH,
Robert-Koch-Allee 9,
99437 Bad Berka, Germany
e-mail: Daniel.Kaemmerer@zentralklinik.de

L. Peter :A. Lupp : S. Schulz
Department of Pharmacology and Toxicology,
University of Jena,
Jena, Germany

J. Sänger
Laboratory of Pathology and Cytology,
Bad Berka, Germany

V. Prasad :H. Kulkarni :R. P. Baum
Department of Nuclear Medicine and Center for PET,
Zentralklinik Bad Berka,
Bad Berka, Germany

Eur J Nucl Med Mol Imaging (2011) 38:1659–1668
DOI 10.1007/s00259-011-1846-5



[e.g. in vivo diagnostics and peptide receptor radionu-
clide therapies (PRRT)], and realizes a prognostic
estimation of the malignant disease [1]. So far, six
subtypes of SSTR have been identified: SSTR1, 2A, 2B,
3, 4 and 5 [2]. Among the subtypes, 2A and 2B are so-
called splice variants, and only the 2A variant has been
identified in human tissue [3]. In order to estimate the
prognosis of GEP-NET in a patient with an SSTR-
positive tumour, the density, distribution and subtype
profile of the SSTR have to be determined. SSTR2A is
expressed most frequently, followed by SSTR1 and 5 and
rarely SSTR3 and 4 [4]. SSTR2A is a membrane-bound
receptor, whereas SSTR1, 3 and 5 are located intracellu-
larly [5]. In the diagnostics of NET, positron emission
tomography/computed tomography (PET/CT) using SST
analogues like DOTA-TOC, DOTA-NOC or DOTA-TATE
labelled with positron-emitting radionuclides (e.g. 68Ga,
64Cu) has shown a higher sensitivity and specificity as
compared to SSTR scintigraphy [6]. Because of its high
sensitivity and tumour contrast along with a high image
quality as early as 30 min after injection, 68Ga-labelled
SSTR PET/CT is currently the most preferred radiological
technique in the diagnostics of NET [7]. Several studies
have shown the advantage of 68Ga-DOTA-TOC as
compared to 111In-octreotide single photon emission
computed tomography (SPECT) [8]. While in 2004 Baum
and Hoffmann described 68Ga-DOTA-TOC PET/CT as the
most sensitive method in diagnosing NET, Antunes et al.
later showed an advantage of 68Ga-DOTA-NOC over
68Ga-DOTA-TOC [9]. The high expression of SSTR in
neuroendocrine tumour cells not only serves as a target in
the diagnostics of NET (e.g. SSTR scintigraphy, SSTR
PET/CT), but also enables the development of new
therapeutic approaches like PRRT, a specifically targeted
therapy of increasing importance. In PRRT radionuclides
bind specifically to SSTR. Studies have shown that PRRT
can lead to a tumour reduction of about 50% in about a
quarter of the patients treated, with only a minority of
severe side effects [10]. This radioactive labelling allows
internal radiotherapy with protection of the non-affected
tissue and therefore allows therapy of disseminated
metastases.

The aim of this study was to clarify if there was a
correlation between SSTR PET/CT, using the standard-
ized uptake value (SUV) as a parameter of the SSTR
density in GEP-NET and/or its metastases, and the
expression intensity of the five SSTR subtypes in
surgically removed GEP-NET tissue, which can be
evaluated by immunohistochemical analysis. Therefore,
a second aim of this study was to exactly quantify the
SSTR distribution of all five SSTR subtypes in different
GEP-NET using immunohistochemical analysis and
through this to allow for a general statement on the

effectiveness of therapy with somatostatin analogues and
also to allow for a correlation with SSTR PET/CT. A
further aim of this study was to evaluate a possible
relationship between clinical and histopathological traits
in GEP-NET and SSTR status.

Materials and methods

A total of 44 tumour samples obtained both from primary
tumours and from metastases from 34 patients with GEP-
NET were analysed for SSTR1–5. The samples were
embedded in paraffin and sections with a thickness of
4 μm were prepared using a microtome. The sections were
then transferred to a microscope slide and air-dried.
Immunohistochemical analysis was performed on all
tumour samples (Fig. 1).

Immunohistochemistry

The detection of SSTR subtypes was performed using the
labelled streptavidin-biotin method (LSAB) and counter-
staining was done with haematoxylin. The peptides used

Fig. 1 Flowchart of patients and tumour specimens which were
correlated to SSTR PET/CT
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for detection of SSTR2A were produced by Epitomics
(Burlingame, CA, USA) and for detection of SSTR1, 3,
4 and 5 by Gramsch Laboratories (Schwabhausen,
Germany). The semi-quantitative analysis of the stained
sections was done with light microscopy according to
the immunoreactive score (IRS) by Remmele and
Stegner. The IRS evaluation in this study was based
on a modification by McCarty et al. in 1985, which not
only evaluates the visualized grade of colour intensity
(staining), but also adds the fraction of cells in each
intensity category [11]. The IRS with points 0–12 was
adapted to an additional 4-point IRS classification
(Table 1, Fig. 2). The immunohistochemical analysis
was performed by two independent investigators on each
tissue section.

Imaging

The exact location of the tumour was defined by
preoperative 68Ga-SSTR PET/CT scans in combination
with surgery and pathology protocols. The SUVmax and
SUVmean were measured. The PET/CT scans were pro-
cessed with Siemens e.soft Nuclear Medicine Workstation.
All other clinical data were gathered from the patient
records. Considering the partial volume effect for lesions
<1.5 cm, 14 cases were evaluated for SUVmax, whereas 13
cases were evaluated for SUVmean, using 68Ga-DOTA-
NOC PET/CT scans (Fig. 1). Because of the limitations in
the assessment of the partial volume effect, only three
cases in the DOTA-TATE group were left, which were
then excluded from the analysis.

Statistics

Data were analysed using SPSS for Windows 15.0. The
following parameters were normally distributed according
to the Kolmogorov-Smirnov test: body mass, age, body
mass index (BMI), IRS, SSTR1, 3 and 5, SUVmax and
SUVmean. All other variables were not normally distributed.
After assessment of normal distribution, the following tests
were used: Kruskal-Wallis test, χ2 test, Fisher’s exact test,
Kendall’s tau correlation analysis and Spearman’s rank
correlation analysis.

Results

Patient data

Of the 34 patients included in the study, 44 different
tumour samples were processed as paraffin-embedded
blocks. A corresponding localization of tumour tissue on
preoperative PET/CT scans with 68Ga-DOTA-NOC or
68Ga-DOTA-TATE was found in 26 of 44 (59.1%) of the
tumour samples (Figs. 3 and 4). 68Ga-DOTA-NOC and
corresponding immunohistochemical correlations could
be performed in 17 patients (SUVmax n=17, SUVmean

n=13 patients; Fig. 1, Table 2). The median age of the
patients at the time of surgery was 58 years (range 33–
82 years).

Tumour localization

The organs of tumour localization in decreasing order of
frequency were the pancreas with 35.3% (n=12) and the
ileum with 29.4% (n=10), followed by cancer of unknown
primary (CUP) in 14.7% (n=5), stomach in 8.8% (n=3),
other tumours in 8.8% (n=3) and appendix in 2.9% (n=1)
of the tumours. Hepatic metastases were present in 64.7%
(n=22) and peritoneal carcinosis in 32.4% (n=11). Accord-
ing to the TNM classification, 58.8% (n=20) of the patients
in the study showed a T4 stage, 70.6% (n=24) had a
positive lymph node status and 82.4% (n=28) had an M1
stage.

Grading

Of the patients, 64.7% (n=22) had a moderately differ-
entiated (G2), 20.6% (n=7) a well-differentiated (G1)
and 14.7% (n=5) a poorly differentiated tumour tissue
(G3).

Immunohistochemistry

Chromogranin A and synaptophysin

Of the patients, 82.4% (n=28) had tumour tissue positive
for chromogranin A, 8.8% (n=3) showed only a light

Table 1 Immunoreactive score (IRS) and IRS classification

Percentage of positive cells X Intensity of staining = IRS (0–12) IRS classification

0 = no positive cells 0 = no colour reaction 0–1 = negative 0 = negative

1 = < 10% of positive cells 1 = mild reaction 2–3 = mild 1 = positive, weak expression

2 = 10–50% positive cells 2 = moderate reaction 4–8 = moderate 2 = positive, mild expression

3 = 51–80% positive cells 3 = intense reaction 9–12 = strongly positive 3 = positive, strong expression

4 = > 80% positive cells

Eur J Nucl Med Mol Imaging (2011) 38:1659–1668 1661



chromogranin staining and another 8.8% (n=3) showed no
chromogranin staining at all; 82.4% of the patients (n=28)
had tumour tissue positive for synaptophysin, another
8.8% (n=3) showed a slight synaptophysin staining and
no staining was seen in 2.9% (n=1). In 5.9% of the
patients (n=2) the synaptophysin staining was not
specified.

Ki-67 index

In 41 specimens the Ki-67 index was assigned. In 17.1% of
the specimens (n=7) the Ki-67 was ≤2%, in 53.7% (n=22)
between 2 and 10% and in 29.3% (n=12)>10%.

SSTR expression pattern

The IRS yielded 16 different expression patterns depending
on the predominance of positive staining for SSTR1, 2A, 3
or 5. In 81.8% of the paraffin block specimens (n=36), at
least SSTR2A and 3 were positive, SSTR1, 2A and 3 were
positive in 43.2% (n=19) and in 70.5% (n=31) at least

three of the subtypes showed a positive staining. None of
the sections was completely negative for all five SSTR
subtypes according to the IRS.

Distribution of the positive SSTR subtypes

The presence of an SSTR subtype was defined as positive
if the IRS classification was ≥2. All tumours with a value
of <2 were defined as negative for the specific SSTR.
According to the IRS classification, the most common
subtype was SSTR3 followed by SSTR2A > SSTR4 >
SSTR1 > SSTR5 (Table 3).

Immunohistochemistry and clinical data localization

Scores versus grading

There was a significant inverse correlation between the IRS
classification of the SSTR2A and the grading of the tumour
samples (primaries and metastases) according to Fisher’s
exact test (p<0.005). The IRS did not show any significant

Fig. 2 Immunohistochemical
localization of SSTR1–5
(red). a Lymph node metastasis.
b Neuroendocrine carcinoma
of the terminal ileum. c Neuro-
endocrine carcinoma of the
pancreas head. a SSTR1: IRS=2
points (IRS classification: 1);
SSTR2A: IRS=9 points (IRS
classification: 3); SSTR3:
IRS=9 points (IRS classifica-
tion: 3); SSTR4: IRS=4 points
(IRS classification: 2); SSTR5:
IRS=2 points (IRS classifica-
tion: 1). b SSTR1: IRS=0 points
(IRS classification: 0); SSTR2A:
IRS=4.5 points (IRS classifica-
tion: 2); SSTR3: IRS=4.5 points
(IRS classification: 2); SSTR4:
IRS=2 points (IRS classifica-
tion: 1); SSTR5: IRS=2 points
(IRS classification: 1). c SSTR1:
IRS=6 points (IRS classifica-
tion: 2); SSTR2A: IRS=12
points (IRS classification: 3);
SSTR3: IRS=12 points (IRS
classification: 3); SSTR4:
IRS=6 points (IRS classifica-
tion: 2); SSTR5: IRS=6 points
(IRS classification: 2)
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correlation (p=0.12). In a subgroup analysis of the tumour
tissues separated into primaries and metastases there was no
significant correlation between IRS/IRS classification and
grading detectable.

Scores versus chromogranin A

The IRS and the IRS classification of the SSTR2A
correlated significantly with the intensity of the chro-

Fig. 4 SSTR PET/CT patient 2: neuroendocrine carcinoma of the pancreas head pT3 pN1 pM1 (G2), stage IV, labelled primary of the pancreas
head with SUVmax 10.5, pathological size 3.5 cm coherent to the immunohistochemical images (Fig. 2c)

Fig. 3 SSTR PET/CT patient 1: neuroendocrine carcinoma of the terminal ileum pT2 pN1 pM1 (G2), stage IV, labelled primary of the ileum with
SUVmax 8.3, pathological size 1.5 cm coherent to the immunohistochemical images (Fig. 2b)
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mogranin staining, IRS 0.3 (p=0.002) and IRS classifi-
cation 0.24 (p=0.008). For the other SSTR subtypes a
significant correlation could not be shown.

Immunohistochemistry and SSTR PET/CT

Score versus SUVmax/SUVmean

The SUVmax ranged from 5.7 to 33.7. There was no
significant correlation between the immunohistochemical
score (IRS) of SSTR1, 3 and 4 and the variable SUVmax

(0.3<p<0.8). However, the correlation between the IRS of
SSTR2A and SUVmax and the IRS of SSTR5 and SUVmax,
respectively, were highly significant (SSTR2A p<0.001;
SSTR5 p<0.04). The IRS classification correlated with
SUVmax. A significant value was not detectable (0.14<p<
0.8). A statistically significant correlation between the
SUVmean and the IRS of SSTR1, 3, 4 and 5 was not seen.

The IRS and SUVmean correlated significantly (p<0.01)
with SSTR2A. The IRS classification could not be associated
significantly to the SSTR subtypes (0.16<p<0.70).

Discussion

The aim of this study was to clarify whether there was a
correlation between the intensity of expression of the five
SSTR subtypes, measured with immunohistochemical
analysis on surgically removed tumour tissue, and the
SSTR density of these tumours, using SUV measured in

Table 3 SSTR subtype distribution and frequencies classified
according to scores (IRS and IRS classification)

IRS SSTR-subtype IRS classification SSTR-subtype

IRS SSTR1 IRS classification SSTR1

Score/frequency (%) Score/frequency (%)

0/7 (15.9) 0/7 (15.9)

2/8 (18.2) 1/16 (36.4)

3/4 (9.1) 2/21 (47.7)

3.5/4 (9.1)

4/15 (34.1)

6/6 (13.6)

SSTR1 positive total 21 (47.7%)

IRS SSTR2A IRS classification SSTR2A

Score/frequency (%) Score/frequency (%)

2/2 (4.5) 1/6 (13.6)

3/4 (9.1) 2/20 (45.5)

4/5 (11.4) 3/18 (40.9)

4.5/2 (4.5)

5/1 (2.3)

5.5/1 (2.3)

6/10 (22.4)

8/1 (2.3)

9/4 (9.1)

12/14 (31.8)

SSTR2A positive total 38 (86.4%)

IRS SSTR3 IRS classification SSTR3

Score/frequency (%) Score/frequency (%)

0/2 (4.5) 0/2 (4.5)

2/2 (4.5) 1/3 (6.8)

3/2 (4.5) 2/33 (75)

4/11 (25) 3/6 (13.6)

4.5/2 (4.5)

5.5/1 (2.3)

6/9 (20.5)

8/8 (18.2)

9/3 (6.8)

12/3 (6.8)

SSTR3 positive total 39 (88.6%)

IRS SSTR4 IRS classification SSTR4

Score/frequency (%) Score/frequency (%)

0/1 (2.3) 0/1 (2.3)

2/3 (6.8) 1/21 (47.7)

2.5/2 (4.5) 2/22 (50)

3/11 (25)

3.5/5 (11.4)

4/14 (31.8)

6/4 (9.1)

8/4 (9.1)

SSTR4 positive total 22 (50%)

Table 2 Patients’ baseline characteristics who underwent 68Ga-DOTA-
NOC PET/CT

No. Primary WHO 2010 classification Stage

1 Ileum NET G2 IV

2 Duodenum NET G2 IV

3 Appendix NEC G3 IV

4 Ovary NET G2 IV

5 Ileum NET G2 IV

6 Ileum NET G2 IV

7 Stomach NEC G3 IV

8 Ileum NET G2 IV

9 Ileum NET G2 IV

10 Ileum NET G2 IV

11 Pancreas NET G2 IV

12 Pancreas NET G2 IV

13 Pancreas NET G2 IV

14 Pancreas NET G2 IV

15 Stomach NET G2 IV

16 Pancreas NEC G3 IV

17 Ileum NET G1 IV
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SSTR PET/CT. For the first time, a correlation between the
SSTR expression pattern of all SSTR subtypes and the
SUV in SSTR PET/CT using the peptide DOTA-NOC was
possible.

Limitations

One limitation of this study was its retrospective nature,
which may have caused incomplete and inaccurate
documentation. Another limitation was seen in the semi-
quantitative immunohistochemical analysis of the tissue
sections, which was subjective and thereby limited the
comparability.

Frequency of the SSTR subtypes

The predominant SSTR subtypes in the immunohistochem-
ical analysis were SSTR2A (86.4%) and SSTR3 (88.6%).
The frequency of positivity for SSTR1, SSTR4 and SSTR5
was between 45 and 50%. Whereas SSTR1 and SSTR3–
SSTR5 showed cytoplasmic staining, the immunoreaction
of SSTR2A was membrane bound. The difference between
cytoplasmic (SSTR1, SSTR3, SSTR5) and membrane-
bound immunoreactions (SSTR2A) was already described
by Kulaksiz et al. [5] and Zamora et al. [12]. An expression
of SSTR in 80–100% has been reported in several studies
of Reubi et al. [13, 14]. In an immunohistochemical
analysis in 94 patients with GEP-NET by Zamora et al. of
the five SSTR subtypes, SSTR2A dominated with an
incidence of over 80%. In another immunohistochemical
investigation by Kulaksiz et al. SSTR2A was found to be
present in 86% as in our study [5, 12]. These findings
support our result of a predominant expression of SSTR2A.
What was surprising was the finding of a high incidence of
SSTR3 in our survey. Whereas Papotti et al. [15] showed a

comparable incidence of 60% in tumour samples from 15
patients with GEP-NET and Kulaksiz et al. [5] showed a
commonness of 71%, Zamora et al. [12] reported about
26% and Reubi and Waser 2003 [16] described a much
lesser incidence of SSTR3 with 15% as a result of a study
being that of patients with only ileum NET. In the study of
Zamora et al. with an incidence of 71%, there was a
noticeably high presence of SSTR3 among the pancreatic
NET, compared with the non-pancreatic NET. The high
proportion of pancreatic NET in our study (35.3%) could
therefore be an explanation for the high incidence of
SSTR3. Also SSTR4 was surprisingly high in our evalua-
tion, with an incidence of 50%. Its frequency has been
described as marginal (<15%) in previous studies [4, 15–
17]. The presence of SSTR1 (48 and 50%) and SSTR5 (46
and 52%) in our study are on the other hand comparable to
the findings of Reubi and Waser [16] and Zamora et al.
[12]. Papotti et al. and Kulaksiz et al. described a much
higher frequency of SSTR5 (up to 83%) than in our
investigation [5, 15]. While discussing the findings of our
project in comparison with those of other researchers, it is
essential to be aware of divergent methods for analysing
expression of SSTR. Application of diverse antibodies in
the analysis of SSTR expression with autoradiography and
immunohistochemistry makes it difficult to compare
results. The use of a uniform score for SSTR-evaluation
is not yet noticeable. When looking at the score distribu-
tion of the IRS for SSTR3, there was an accumulation in
the middle domain. The domain 3 (positive, high expres-
sion) was reached only by a small fraction (13.6%)
compared to SSTR2A (40.9%), which would be supported
by the findings of Reubi and Waser and Zamora et al. [12,
16]. The findings in our study may indicate that the
applied antibody is more sensitive towards expression of
the middle IRS domain of SSTR3. Such a result would
certainly have an impact on future diagnostic and
therapeutic strategies. Another reason for the accumulation
in the middle IRS domain for SSTR3 could be a high
false-positive rate or an incorrect definition of the value,
which recognizes a tumour as positive. However, the
antibodies have been repeatedly tested both by our group
as well as by other investigators in various tumour tissues,
so that a high false-positive rate seems rather unlikely [3,
5, 18–21].

Expression pattern of the SSTR subtypes

In IRS, the predominant combinations were SSTR2A and
SSTR3 and further SSTR1, SSTR2A, SSTR3 and SSTR5.
In 81.8% at least SSTR2A and SSTR3 were expressed and
in 70.5% at least three subtypes were positive. A
remarkable observation was that no tumour sample was
negative for all SSTR subtypes in the IRS system.

Table 3 (continued)

IRS SSTR-subtype IRS classification SSTR-subtype

IRS SSTR5 IRS classification SSTR5

Score/frequency (%) Score/frequency (%)

0/8 (18.2) 0/10 (22.7)

1/2 (4.5) 1/14 (31.8)

2/9 (20.5) 2/20 (45.5)

3/3 (6.8)

3.5/2 (4.5)

4/11 (25)

4.5/1 (2.3)

6/6 (13.6)

8/2 (4.5)

SSTR5 positive total 20 (45.5%)
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However, different studies report about negative staining of
SSTR. This observation has already been described by
Papotti et al., who reported an incidence of totally negative
cases in 7% [15]. In the immunohistochemical analysis of
Zamora et al. [12] only 6% of the samples were negative
for all subtypes, supporting the findings of Reubi et al.,
who reported that 82% of all analysed GEP-NET were
positive for SSTR, using autoradiography for the sub-
types 1–3 in their analyses [4, 22]. Furthermore, the
findings of Reubi et al. indicate a simultaneous expression
of different SSTR subtypes, as seen in our study.
According to Reubi et al. NET can express at least three
SSTR subtypes (1, 2A and 3) [13, 17]. Papotti et al. could
even show that 90% of NET are positive for at least three
subtypes [15]. Based on the findings of Reubi et al., the
simultaneous expression of SSTR1 and SSTR3 is not
likely to be found, supporting the findings in our study.
The most commonly expressed subtypes in GEP-NET are
known to be SSTR2A and SSTR5. Looking at the studies
discussed above the findings of our study support the
already known expression patterns of the SSTR subtypes
and indicate the need for a thorough analysis of the
specific expression pattern of a given NET, beyond the
predominant incidence of SSTR2A, in order to enable
effective diagnostics and therapy of NET.

Chromogranin A and synaptophysin

Chromogranin A and synaptophysin staining were both
positive in 82.4% of the patients, respectively. The
observation that the IRS and IRS classification of SSTR2A
correlated positively (p<0.01) with the degree of the
chromogranin A staining was surprising. A mild positive
staining never showed a positive SSTR2A expression and a
negative chromogranin A staining resulted in a maximum
IRS only once. This specific sample had offered problems
in the analysis, because of its atypically dispersed tumour
cells in the pancreatic capsule. No tumour cells were
identified within the pancreatic tissue. Even though a
correlation between chromogranin A concentration in
plasma and a high percentage of positive chromogranin A
staining has already been described in GEP-NET, a
correlation between the SSTR2A expression and the
chromogranin A staining has not yet been reported. This
finding is, however, supported by the findings of Reubi et
al., who could demonstrate that the intensity of the SSTR
expression is linked to a high degree of differentiation of
GEP-NET [23]. Also the findings of Stivanello et al., who
demonstrated a significant correlation between well-
differentiated NET and a high concentration of chromog-
ranin A in plasma, support our results [24]. If, however,
the correlation between chromogranin A and SSTR2A
could be reproduced and confirmed in further studies with

more patients involved, conclusions about the SSTR2A
receptor status could be made by routinely analysing the
chromogranin A staining.

Grading

Tumour tissue with G2 grading was found in 53.7% of the
patients, G1 grading in 17.1% and G3 grading in 29.3% of
the patients. There was a significant inverse correlation
between the grading and the IRS classification for
SSTR2A. Tumour tissue with G3 grading had a lower
incidence of SSTR2A than tumour with G1 or G2 grading.
The degree of grading of the tumour tissue was therefore
shown to have an influence on the SSTR2A status. A
similar phenomenon has been described in other studies.
Zamora et al. could show that well-differentiated tumours
have a higher density and a more homogeneous distribution
of SSTR (except for SSTR5) than lesser differentiated
tumours [12]. Buscail et al. reported a similar observation
for SSTR2A in pancreatic and colorectal tumours [25].
Papotti et al. also described an inverse correlation between
SSTR2A expression and the degree of grading [15].
Tumours with a low degree of differentiation had a reduced
incidence of SSTR; 60% of the tumours with a low degree
of differentiation did not express any or only one SSTR. In
comparison 12% of the tumours with a high degree of
differentiation expressed SSTR. Reubi et al. described this
phenomenon too, most of the SSTR-negative carcinoids
belonged to an atypical category of carcinoids with a low
degree of differentiation [13, 26]. Even though our findings
are supported by already published results, it is important to
recognize the uneven distribution of the individual degrees
of grading, by which G2 was the dominant one with 64.7%
prevalence. Still, the results confirm the hypothesis that the
loss of SSTR expression leads to a benefit in growth and
may be an explanation for the therapeutic ineffectiveness of
somatostatin analogues in this tumour entity.

SSTR status and PET/CT calculations

The immunohistochemical scores of SSTR1, SSTR3 and
SSTR4 did not show any significant correlation with the
variable SUVmax. In contrast, a highly significant correla-
tion was shown between SUVmax and the IRS of SSTR2A
(p<0.001) and the IRS of SSTR5 (p=0.038). This could
not be shown for the IRS classification of the two subtypes.
SUVmean correlated significantly with the IRS of SSTR2A
(p=0.013). However, there was no significant correlation
between SUVmean and the scores of SSTR3, SSTR4 and
SSTR5. Among the presently available SSTR analogues,
68Ga-labelled DOTA-NOC offers the best affinity profile
for the SSTR subtypes. There are several studies dealing
with the affinity profiles of SSTR analogues and PET
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tracers [6, 9, 27]. There is only one known investigation
examining the correlation between the immunohistochem-
ical SSTR status and SUV [28]. In this study by Miederer et
al. the SUV of preoperative 68Ga-DOTA-TOC PET/CT
scans of 18 NET patients were correlated with an
immunohistochemical score (0+ to 3+) for SSTR2A. NET
with values of 2+ and 3+ resulted in a significantly higher
SUV than NET with 0+ or 1+ [28]. Also SSTR5 correlated
with SUVmax. Because the IC50 of 68Ga-DOTA-NOC for
SSTR5 is below 10 nmol/l, this result appears reasonable
[9]. Despite the low IC50 of SSTR3 compared to the other
SSTR analogues, the affinity (IC50=40 nmol/l) does not
seem high enough to result in a detection in the PET/CT.
There was a correlation between SUVmean and the IRS of
SSTR2A in our study as well as in the study by Miederer et
al. [28]. Both studies propose using SSTR2A immunohis-
tochemistry in patients missing a preoperative PET scan
and indicate SSTR PET/CT as a method for restaging and
follow-up.

This study offers details about a differentiated
individual-specific expression pattern of SSTR in GEP-
NET, with varying density and intensity. The spectrum of
expression patterns of SSTR with 16 different combinations
is extensive. That at least three subtypes are present in over
70% of the cases and 81% contain SSTR2A and SSTR3,
combined with the fact that there was no case of subtype-
lacking, reflects the increasing importance of SSTR in the
diagnostics and therapy of GEP-NET. The finding of a high
frequency of expression of SSTR3 and SSTR4 gives a
reason for reassessment of the present practice in diagnos-
tics and therapy of GEP-NET, which primarily concentrates
on SSTR2A. In further studies, specific expression patterns
should be correlated with the response to therapy. The aim
would be to define a selection of patients with an
appropriate receptor profile based on immunohistochemical
analysis, which would benefit from therapy with somato-
statin analogues as well as PRRT.

Conclusion

Somatostatin receptor imaging with 68Ga-DOTA-NOC
PET/CT confirms histological conclusions with regard to
therapy with somatostatin analogues, follow-up imaging as
well as radionuclide therapy. The highly significant
correlation between SSTR2A and SSTR5 and the SUVmax

of the 68Ga-DOTA-NOC PET/CT scans is concordant with
the affinity profile of 68Ga-DOTA-NOC to the SSTR
subtypes and demonstrates the excellent qualification of
somatostatin analogues in the diagnostics of NET.
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