
 

 

Introduction 
 
Gastroenteropancreatic neuroendocrine tumor 
(GEP-NET) cells are known for displaying an 
overexpression of somatostatin receptors. This 
fact already serves as a molecular basis for vari-
ous methods in diagnostics and therapies and 
realizes a prognostic estimation of the neoplas-
tic disease [1, 2]. So far, 6 subtypes of soma-
tostatin receptors (SSTR) have been identified: 
SSTR1, 2A, 2B, 3, 4 and 5 [3]. The subtypes 2A 
and 2B are so called splice variants, only the 2A
-variant has been found in human tissues. In 

order to estimate the prognosis of GEP-NET in a 
patient with an SSTR-positive tumor, the den-
sity, the distribution and the subtype-profile of 
the SSTR have to be determined. Well-
differentiated NET express SSTR more fre-
quently than poorly differentiated ones [4, 5]. 
SSTR2A is expressed most frequently, followed 
by SSTR1 and 5, and rarely also by SSTR3 and 
4 [6]. SSTR2A is a membrane-bound receptor, 
whereas SSTR1, 3 and 5 are located intracellu-
larly [7, 8]. Some studies have proven a strong 
significant correlation of IHC SSTR-subtype ex-
pression (SSTR2A, SSTR5) and the maximum 
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Abstract: Neuroendocrine tumors (NET) are known for an overexpression of somatostatin receptors (SSTR). In light of 
very few and partially contradictory publications, the present study aims to achieve a definite immunohistochemical 
(IHC) quantification and assessment of the distribution of all five SSTR-subtypes on NET and to evaluate an imple-
mentable scoring system, comparing the immunoreactive score of Remmele and Stegner (IRS) to the Her2-score. In 
21 patients 40 different tumor tissues were IHC analysed using polyclonal antibodies for SSTR1 and 3-5 and the 
monoclonal antibody UMB-1 for SSTR2A. SSTR expression was quantitatively evaluated according to HER2-score and 
IRS, correlated among each other and to the maximum standardized uptake value (SUVmax) in tumor lesions as 
measured by PET/CT using 68Ga-DOTA-NOC. Results: According to the IRS, the expression of SSTR2A and 3 predomi-
nated equally with 84%, followed by SSTR4 (44%) and SSTR1 and 5 (32%). With the Her2-scoring system the most 
frequent subtype was found to be SSTR2A (68%), followed by SSTR3 (64%), SSTR1 (44%), SSTR5 (40%), and SSTR4 
(36%). The IRS-classification and the Her2-score were found to be statistically comparable, and their correlation is 
highly significant for each SSTR assessment (p<0.01). Conclusion: The results of the analyses revealed heterogene-
ous expression patterns. SSTR2A and 3 were highly expressed, demonstrating the importance of SSTR for diagnostics 
and therapy. Relatively high frequency of SSTR3 and 4 on NET give reasons to try pansomatostatin analogues for 
therapy rather than concentrating only on the SSTR2A. Statistically, none of the immunohistochemical scores was 
superior. However, due the heterogeneity of the cytoplasmic staining justice we propose the IRS as a uniform scoring 
scheme for IHC NET diagnostic. 
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standardized uptake value (SUVmax) as meas-
ured by somatostatin-receptor PET/CT [9, 10]. 
Currently different methods have been estab-
lished to visualize somatostatin receptor (SSTR) 
positive parenchymal cells. SSTR scintigraphy 
has shown practicable findings in these last few 
years, but for the diagnosis of NET the 68-
Gallium SSTR PET/CT is the new “golden stan-
dard” [11, 12]. The findings of the initial SSTR-
PET/CT are decisive for mode of the patient’s 
treatment. If the tumor is curativly resectable, 
surgery is of course the treatment of choice. In 
an advanced stage, however systemic therapeu-
tic options have to be chosen, such as peptide-
related radionuclide therapy or the new targeted 
medical treatments (e.g. “Everolimus”, 
“Sunitinib”) particularly in patients with well-
differentiated NET [13, 14]. Patients with a 
poorly differentiated NET can be treated by 
means of chemotherapy - the key to the proven 
medical treatment of choice is the IHC analysis 
of KI-67 of a biopsy specimen or of the samples 
from surgically removed NET. Currently, the IHC 
technique is a fairly standardized and a usually 
reproducible method. 
 
For the analysis of the SSTR status of NET many 
commercially available polyclonal and mono-
clonal antibodies have been established in 
these last few years. The crux of the matter is 
the absence of a reliable semi-quantitative as-
sessment procedure by the pathologist. Ongoing 
data actually do not exist concerning the quanti-
fication and interpretation of SSTR IHC findings, 
although scoring systems have been developed 
and applied for many years in the analysis of 
several other tumor cell receptors [15]. Most of 
the results of studies dealing with such IHC as-
sessments of SSTR are based on data created 
by their own scoring systems or own modifica-
tions of already well-established ones [9, 15-
17]. Only few investigations have used the es-
tablished scoring systems of Her2/neu or the 
IRS. The IRS was first developed for the IHC de-
tection of estrogen receptors in mammary carci-
noma [18], but has also gained importance in 
the evaluation of NET. The Her2-score was intro-
duced by DakoCytomation in 1999 in context 
with the Hercep test, an IHC test which is used 
to detect the membrane bound receptor Her2 in 
mammary carcinoma. A reason for the imple-
mentation of the Her2-score in the evaluation of 
NET is found in the similarity between the mem-
brane-bound staining of SSTR2A and the local-
ization of the Her2-receptor’s immunoreactions, 
knowing that most IHC analyses are concen-

trated around SSTR2A, even though studies 
with SSTR antibodies show a high frequency of 
SSTR3 and 5, particularly in pancreatic NET [4, 
7]. These findings should give reason for a reas-
sessment of the present practice in diagnostics 
and therapy of GEP-NET, which is currently pri-
marily focused on the data obtained from IHC 
analyses of SSTR2A. Against the background of 
the diversity and the presence of a wide variety 
of different modifications of IHC scores in the 
diagnostics of NET, the aim of the present study 
was to try to reassess the reliability of the ap-
plied scores (IRS and Her2) with regard to the 
expression intensity of the five SSTR-subtypes in 
surgically removed GEP-NET tissue, evaluated 
by means of IHC analyse and compared to SSTR
-PET/CT parameters.  
 
Patients and methods 
 
All 40 tumor samples, originating both from pri-
mary tumors and metastases from 21 patients 
with GEP-NET were analyzed retrospectively for 
SSTR1 to 5 (Figure 1). The samples were con-
ventionally fixed in formalin and embedded in 
paraffin and sections with a thickness of 4 μm 
were prepared. The sections underwent IHC 
analysis as previously described [19]. The exact 
location of the tumor parechyma was defined by 
preoperative 68Gallium-DOTA-NOC-PET/CT-
scans in combination with surgery and pathol-
ogy protocols. SUVmax of tumor lesions were 
determined on PET/CT scans using commer-
cially available software (E-soft Nuclear Medi-
cine Workstation, Siemens, Illinois, USA). 
 
The detection of SSTR-subtypes was performed 
using the labeled streptavidin-biotin-method 
(LSAB). Primary antibodies for SSTR-subtype 
detection had been developed and proven to 
identify their targeted receptor highly specific by 
Schulz et al. [7, 19-21].The antibodies used for 
detection of SSTR2A were produced by Epitom-
ics, Burlingame, CA (USA) and by Gramsch Labo-
ratories, Schwabhausen, Germany, for detection 
of SSTR1, 3, 4 and 5. The semi-quantitative 
analysis of the stained sections was done by 
light-microscopy according to the immunoreac-
tive score (IRS) by Remmele and Stegner (Table 
1) and in analogy to the Her2-scoring system. 
The IRS-evaluation was based on a modifica-
tion, which does not only evaluate the visualized 
grade of color intensity (staining), but also adds 
the fraction of cells in each intensity category 
[22]. As suggested by Remmele and Stegner, 
the predominant grade of intensity was used 
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and the IRS with 
points from 0 to 12 
were adapted to an 
additional 4-point-
IRS-c lass i f icat ion 
derived from the 
latter score to make 
it comparable to the 
HER2-score. Also, 
according to the 
scheme used by Vo-
lante et al., cytoplas-
matic staining in the 
detection of SSTR2A 
was generally graded 
lower than membra-
nebound staining 
[15]. 
 
Patients data 
 
21 patients were 
included in the study 
from which in total 
40 different tumor 
samples were proc-
essed as paraffin 
embedded blocks. 
The median age of 
the patients at the 
time of surgery was 
56 ± 11 years (range 
33 to 76 years). 
 

Table 1. IRS, Her2-and IRS-classification scoring systems 
Percentage of positive cells X Intensity of Staining = IRS (0 – 12) 
0 = no positive cells 0 = no colour reaction 0 – 1 = negative 
1 = < 10% of positive cells 1 = mild reaction 2 – 3 = mild 
2 = 10-50% positive cells 2 = moderate reaction 4 – 8 = moderate 
3 = 51-80% positive cells 3 = intense reaction 9 – 12 = strongly positive 
4 = > 80% positive cells     
IRS – points IRS – classification 
0 – 1 0 = negative 
2 – 3 1 = positive, weak expression 
4 – 8 2 = positive, mild expression 
9 – 12 3 = positive, strong expression 
Her2/neu Score Reaction Format Evaluation 
0 No or less than 10% cells Negative 
1+ > 10% cells with minimal staining intensity Negative 
2+ > 10% cells with moderate staining intensity Mildly positive 
3+ > 10% cells with strong staining intensity Strongly positive 

 

Figure 1. Liver metastasis of a well-
differentiated neuroendocrine carci-
noma. A: SSTR 1 B: SSTR 2A C: SSTR 3 
D: SSTR 4 E: SSTR 5 
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Tumor localization 
 
The most frequent organ localization of tumor 
tissue were the liver metastases with 30% 
(n=12) and the ileum, meso specimen, and oth-
ers with each 12.5% (n=5), followed by perito-
neal specimen10% (n=4) and pancreas and 
appendix with each 7.5% (n=3) and appendix 
and gastric each 5% (n=2). 
 
Statistics 
 
Data were analyzed using SPSS for Windows 
19.0. The following parameters were normally 
distributed according to the Kolmogorov-
Smirnov test: IRS, SSTR1, 3 and 5. All other vari-
ables were not normally distributed. After as-
sessment of normal distribution, the following 
tests were used: Kendall’s Tau correlation 
analysis and Spearman’s rank correlation analy-
sis.  
 
Results 
 
Ki-67 Index 
 
In 40 specimens the Ki-67 index was assigned. 
In 28% (n = 11) the Ki-67 index was ≤ 2%, in 
40% (n = 17) between 2 and 12%, and in 20% 
(n = 12) > 10%. 
 
Distribution of the SSTR-subtypes 
 
The presence of a SSTR-subtype was defined 
positive, if the IRS-classification and/or Her2-
score were ≥ 2. All tumors showing a value < 2 
were defined as negative for the specific SSTR. 
According to the IRS-classification, the most 
common subtype was found to be SSTR2A 
(84%, 21/25), as much as SSTR3 (84%, 21/25) 
followed by SSTR4 (44%, 11/25), SSTR1 (32%, 
8/25) as much as SSTR5 (32%, 8/25). 
 
Using the Her2-score, the most common sub-
type was found to be SSTR2A (68%, 17/25), 
followed by SSTR3 (64%, 16/25), SSTR1 (44%, 
11/25), SSTR5 (40%, 10/25) and SSTR4 (36%, 
9/25). The distributions of every SSTR subtype 
and their scores are shown in Table 2. 
 
IRS-classification versus Her2-Score 
 
The IRS-classification and Her2-score were 
found to be comparable and their correlation 
highly significant for each SSTR assessment 
[SSTR1 0.58 (p<0.001), SSTR2A 0.53 

(p<0.001), SSTR3 0.42 (p<0.001), SSTR4 0.45 
(p<0.001), SSTR5 0.81 (p<0.001)]. 
 
IRS/Her2-Score versus SUVmax 
 
Analysis of each score with the corresponding 
SUVmax revealed a significant correlation of 
0.33 (p=0.05) between IRS of SSTR2A and SU-
Vmax in PET/CT. Correlation with the Her2-score 
showed the same almost significant correlation 
to SSTR2A (0.33; p=0.08). The other SSTR sub-
types did not correlate significantly to the PET/
CT parameter.  
 
Discussion 
 
Limitations 
 
One limitation is seen in the semi-quantitative 
IHC analysis of the tissue sections; it was sub-
jective. Thereby, it limits the comparability. 
 
Frequency of the SSTR subtypes 
 
The predominant SSTR subtypes in the IHC 
analysis according to the IRS-classification were 
found to be SSTR2A with 84% as much as 
SSTR3 (84%), followed by SSTR4 (44%) and 
SSTR1 (32%) as much as SSTR5 (32%). Using 
the Her2-score, the most common subtype ob-
served was SSTR2A (68%) followed by SSTR3 
(64%), SSTR1 (44%), SSTR5 (40%) and SSTR4 
(36%) (Table 2). As already described, SSTR1 
and SSTR3-5 showed a cytoplasmatic staining, 
whereas the immunoreaction of SSTR2A was 
membrane bound [7, 8]. The result of a pre-
dominant expression of SSTR2A is supported by 
the findings of Reubi et al., who have already 
been reporting SSTR expressions between 80% 
and 100% [23, 24]. Also in an IHC analysis in 
94 patients with GEP-NET of the five SSTR sub-
types, SSTR2A predominated with an incidence 
of over 80% [8]. In another study by Kulaksiz et 
al. SSTR2A was found to be present in 86% 
similar to our study [7]. The surprising part in 
our survey was the finding of a high incidence of 
SSTR3. Whereas Papotti et al. showed a compa-
rable incidence of 60% in tumor samples from 
15 patients with GEP-NET and Kulaksiz et al. 
showed a commonness of 71%, Zamora et al. 
reported about 26% and Reubi and Waser de-
scribed a much lesser incidence of SSTR3 with 
15% as a result of a study restricted to patients 
with ileum NET only [4, 7, 8, 25]. However, in 
the study of Zamora et al. there was a noticea-
bly high presences of SSTR3 among the pancre-
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atic NET. The high proportion of pancreatic NET 
in our investigation (35.3%) could, therefore, be 
an explanation for the high incidence of SSTR3. 
With a presence of 44% in the IRS-classification 
and 36% using the Her2-Score, respectively, 
SSTR4 was also surprisingly high in our evalua-
tion. Its incidence has been described as mar-
ginal (<15%) in previous studies [3, 24]. The 
frequency of SSTR1 (IRS: 32%; Her2: 44%) and 
SSTR5 (IRS: 32%; Her2: 40%) in our study are 
on the other hand comparable to the findings of 
Reubi and Waser and Zamora et al. Papotti et 
al. and Kulaksiz et al. described a much higher 
frequency of SSTR5 (up to 83%) than in our in-
vestigation [4, 7, 8, 25]. While discussing the 
findings of our project in comparison with those 
of other researchers, it is essential to be aware 
of divergent methods (e.g. autoradiography vs. 
IHC) and the application of different antibodies 
for analysing expression of SSTR, which makes 
it difficult to compare results. Furthermore, and 

as discussed below, the use of a uniform score 
for the IHC evaluation of SSTR is not yet avail-
able. When looking at the score distribution of 
the IRS for SSTR3, there was an accumulation 
in the middle domain. The domain 3 (positive, 
high expression) was reached only by a small 
fraction (14%) compared to the SSTR2A (41%), 
which would be supported by the findings of 
Reubi and Waser and Zamora et al. [8, 25]. The 
findings in our study may indicate that the ap-
plied antibody is more sensitive towards expres-
sion 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 tumor as positive. However, 
the antibodies have been repeatedly tested 
both by our group as well as by other investiga-
tors in various tumor tissues, so that a high 

Table 2. Somatostatin receptor distribution 
IRS IRS-classification Her2/neu 

SSTR1 
Score Frequency (%) Score Frequency (%) Score Frequency (%) 
0 
2 - 3 
4 - 8 
9 - 12 

5 (20) 
11 (44) 
9 (36) 
0  (0) 

0 
1 
2 
3 

5 (20) 
12 (48) 
8 (32) 
0 (0) 

0+ 
1+ 
2+ 
3+ 

5(20) 
9(36) 
10(40) 
1 (4) 

SSTR1 positiv total 8 (32%) 11 (44%) 
SSTR 2A 

0 
2 - 3 
4 - 8 
9 - 12 

0 (0) 
4 (16) 
14 (56) 
7 (28) 

0 
1 
2 
3 

0 (0) 
4 (16) 
14 (56) 
7 (28) 

0+ 
1+ 
2+ 
3+ 

0(0) 
8(32) 
2(8) 
15 (60) 

SSTR2A positiv total 21 (84%) 17 (68.0%) 
SSTR 3 

0 
2 - 3 
4 - 8 
9 -12 

2 (8) 
2 (8) 
17 (68) 
4 (16) 

0 
1 
2 
3 

2 (8) 
2 (8) 
17 (68) 
4 (16) 

0+ 
1+ 
2+ 
3+ 

2(8) 
7(28) 
6(24) 
10 (40) 

SSTR3 positiv total 21 (84%) 16 (64.%) 
SSTR4 

0 
2 - 3 
4 - 8 
9 - 12 

1 (4) 
11 (44) 
13 (52) 
0 (0) 

0 
1 
2 
3 

1 (4) 
13 (52) 
11 (44) 
0 (0) 

0+ 
1+ 
2+ 
3+ 

1 (4) 
15 (60) 
9 (36) 
0 (0) 

SSTR4 positiv total 11 (44)% 9 (36%) 

SSTR5 
0 
2 - 3 
4 - 8 
9 - 12 

5 (20) 
12 (48) 
8 (32) 
0 (0) 

0 
1 
2 
3 

7 (28) 
10 (40) 
8 (32) 
0 (0) 

0+ 
1+ 
2+ 
3+ 

9 (36) 
6(24) 
8 (32) 
2(8) 

SSTR5 positiv total 8 (32%) 10 (40%) 
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false-positive rate seems rather unlikely [19, 
20]. 
 
Comparison of the scores 
 
In order to allow for a correlation between the 
IRS and Her2-score systems, we chose to use 
the IRS-classification system, because of its 
similarity to the Her2-score system (Table 1). In 
both scoring systems the SSTR expression rate 
of stained tumor tissue is assessed and divided 
into four groups (0=no expression to 3=strong 
expression). Among each other the scores corre-
lated differently, from 0.42 for SSTR3 to 0.81 
for SSTR5. Besides, we did not find a statistical 
way to show a superiority of one of the scores. 
We applied the comparison to SUVmax, a SSTR-
PET/CT parameter which measures the tracer 
uptake, for that purpose as it has been proven 
by different studies that SUVmax shows a valid 
correlation to the IHC expression pattern of 
SSTR2A and 5 [9, 10]. In our investigation the 
IRS of SSTR2A noted a significant positive corre-
lation to SUVmax (p<0.05) and the Her2-score 
of SSTR2 noted a positive correlation with a 
strong trend (p=0.08) but without significance. 

Both correlation factors were of equal value 
(0.33). Although, from the statistical point of 
view, both scoring systems seem to be on a par, 
in our opinion the IRS system was found to be 
more adequate in the evaluation of GEP-NET, 
because of the additional breakdown of the 
percentage of positive cells in the stained tis-
sue, compared to the Her2-scoring system. The 
consequence is a more accurate analysis of the 
heterogenous GEP-NET-tissue and a relativiza-
tion of false-positive results. When analyzing 
tumor samples with the Her2-system, it was 
often more difficult to specify tumor-criteria and 
to relate the stained tissue to a specific group.  
 
As accounted for above the IRS according to 
Remmele and Stegner was firstly developed for 
the IHC detection of estrogen receptors in mam-
mary carcinoma, but it has also gained impor-
tance in the evaluation of NET. Many IHC analy-
ses of NET are also based on the Her2-scoring 
system because of the similarity between the 
membrane-bound staining of SSTR2A and the 
localization of the immunoreactions of the Her2-
receptor, knowing that most IHC analyses are 
concentrated around SSTR2A. As also men-

Table 3. Immunohistochemical scores by different authors 
Author and score Expression pattern and evaluation 
Papotti et al. (2002) 
- 
+ 
++ 
+++ 

  
negative 
< 25% of tumor cells positive 
25%-50% of tumor cells positive 
> 50% of tumor cells positive 

Volante et al. (2007) 
0 
1 
2 
3 

– only for SSTR2A 
no immunoreactivity 
only cytoplasmatic immunoreaction, focal or diffuse 
membrane immunoreaction < 50% 
membrane immunoreaction > 50% 

Volante et al. (2007) 
positive 

- for SSTR 3 and 5 
> 10% cytoplasmatic staining 

Corleto et al. (2009) 
0 
+ 
++ 
+++ 

  
no staining 
mildly positive 
moderately positive 
intensely positive 

Miederer et al. (2009) 
0 
1+ 
2+ 
3+ 

- for SSTR2A 
negative 
mild incomplete membrane reaction 
moderate complete membrane reaction 
strong complete membrane reaction 

Zamora et al. (2010) 
Negative 
focally positive 
positive 

  
no receptor expression 
< 25% of positive cells with heterogenous pattern 
> 25% of positive cells with moderate to strong density 
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tioned above most of the studies are often cre-
ating their own scoring systems or modify well-
established ones. Actually, the application of a 
uniform scoring system in the evaluation of NET 
is not yet available. Table 3 demonstrates the 
confusing use of different scores throughout the 
literature. Score results from 0+ to 3+ without 
further subdivision may be adequate for a posi-
tive membrane-bound staining of SSTR2A. How-
ever, the use of the previous scoring systems in 
the assessment of heterogenous cytoplasmatic 
staining of the other SSTR subtypes is insuffi-
cient. As shown in Table 3 the scoring system of 
Papotti et al. offers a relatively accurate classifi-
cation of the SSTR-expression in different NET 
[4]. When looking at the scoring system of Vo-
lante et al., it is evident that a realistic estima-
tion of the expression of SSTR3 and SSTR5 
through a single-factor quantitative description 
of the cytoplasmatic staining is difficult [15]. In 
future, it is therefore recommended that at least 
the heterogeneity of SSTR1 and SSTR3 to 
SSTR5 should be analyzed with a more detailed 
scoring scheme like the IRS system. From our 
point of view the Her2-score and other scores, 
which are currently used for IHC analyse of 
SSTR, should be substituted by the IRS. 
 
Conclusion 
 
Our IHC observations revealed heterogeneous 
expression patterns with high incidences for all 
SSTR subtypes. SSTR2A and 3 showed the high-
est expression with up to 84%, demonstrating 
the importance of these SSTR for diagnostics 
and therapy. Relatively high frequencies of 
SSTR3 and 4 in GEP-NET give reasons to try 
pansomatostatin analogs for therapy rather 
than concentrating only on the SSTR2A.  
 
The IRS was interpreted as reliable in the analy-
sis of NET sample. Thus, it is proposed as a uni-
form score in the routine diagnostics, because it 
does not only include the different localizations 
of the immunoreactions, but it also is able to 
assess the heterogeneity of the cytoplasmatic 
reactions of the SSTR-subtypes.  
 
Acknowledgement 
 
The authors of the manuscript attest that we 
have nothing to disclose or any financial or 
other relationships that could be construed as 
conflict of interest regarding to this study.  
 

Address correspondence to: Dr. Daniel Kaemmerer, 
Department of General and Visceral Surgery, 
Zentralklinik Bad Berka GmbH, Robert-Koch-Allee 9, 
99437 Bad Berka, Germany Tel: + 49 36458 52701; 
Fax: + 49 36458 53536; E-mail: Daniel. Kaem-
merer@zentralklinik.de 
 
References 
 
[1] Corleto VD, Falconi M, Panzuto F, Milione M, De 

Luca O, Perri P, Cannizzaro R, Bordi C, Pederzoli 
P, Scarpa A and Delle Fave G. Somatostatin 
receptor subtypes 2 and 5 are associated with 
better survival in well-differentiated endocrine 
carcinomas. Neuroendocrinology 2009; 89: 
223-230. 

[2] Reubi JC. Somatostatin and other Peptide re-
ceptors as tools for tumor diagnosis and treat-
ment. Neuroendocrinology 2004; 80 Suppl 1: 
51-56. 

[3] Taniyama Y, Suzuki T, Mikami Y, Moriya T, Sa-
tomi S and Sasano H. Systemic distribution of 
somatostatin receptor subtypes in human: an 
immunohistochemical study. Endocr J 2005; 
52: 605-611. 

[4] Papotti M, Bongiovanni M, Volante M, Allia E, 
Landolfi S, Helboe L, Schindler M, Cole SL and 
Bussolati G. Expression of somatostatin recep-
tor types 1-5 in 81 cases of gastrointestinal 
and pancreatic endocrine tumors. A correlative 
immunohistochemical  and reverse-
transcriptase polymerase chain reaction analy-
sis. Virchows Arch 2002; 440: 461-475. 

[5] Reubi JC, Laissue J, Waser B, Horisberger U 
and Schaer JC. Expression of somatostatin 
receptors in normal, inflamed, and neoplastic 
human gastrointestinal tissues. Ann N Y Acad 
Sci 1994; 733: 122-137. 

[6] Reubi JC. Peptide receptors as molecular tar-
gets for cancer diagnosis and therapy. Endocr 
Rev 2003; 24: 389-427. 

[7] Kulaksiz H, Eissele R, Rossler D, Schulz S, Hollt 
V, Cetin Y and Arnold R. Identification of soma-
tostatin receptor subtypes 1, 2A, 3, and 5 in 
neuroendocrine tumours with subtype specific 
antibodies. Gut 2002; 50: 52-60. 

[8] Zamora V, Cabanne A, Salanova R, Bestani C, 
Domenichini E, Marmissolle F, Giacomi N, 
O'Connor J, Mendez G and Roca E; Buenos 
Aires and La Plata Argentina Argentum Working 
Group. Immunohistochemical expression of 
somatostatin receptors in digestive endocrine 
tumours. Dig Liver Dis 2010; 42: 220-225. 

[9] Miederer M, Seidl S, Buck A, Scheidhauer K, 
Wester HJ, Schwaiger M and Perren A. Correla-
tion of immunohistopathological expression of 
somatostatin receptor 2 with standardised 
uptake values in 68Ga-DOTATOC PET/CT. Eur J 
Nucl Med Mol Imaging 2009; 36: 48-52. 

[10] Kaemmerer D, Peter L, Lupp A, Schulz S, 
Sanger J, Prasad V, Kulkarni H, Haugvik SP, 
Hommann M and Baum RP. Molecular imaging 



IRS and Her2 and gastroenteropancreatic neuroendocrine tumors 

 
 
194                                                                                                       Int J Clin Exp Pathol 2012;5(3):187-194 

with Ga-SSTR PET/CT and correlation to immu-
nohistochemistry of somatostatin receptors in 
neuroendocrine tumours. Eur J Nucl Med Mol 
Imaging 2011; 38: 1659-1668. 

[11] Baum RP, Prasad V, Hommann M and Horsch 
D. Receptor PET/CT imaging of neuroendocrine 
tumors. Recent Results Cancer Res 2008; 170: 
225-242. 

[12] Prasad V, Fetscher S and Baum RP. Changing 
role of somatostatin receptor targeted drugs in 
NET: Nuclear Medicine's view. J Pharm Pharm 
Sci 2007; 10: 321s-337s. 

[13] Raymond E, Dahan L, Raoul JL, Bang YJ, Bor-
bath I, Lombard-Bohas C, Valle J, Metrakos P, 
Smith D, Vinik A, Chen JS, Horsch D, Hammel P, 
Wiedenmann B, Van Cutsem E, Patyna S, Lu 
DR, Blanckmeister C, Chao R and Ruszniewski 
P. Sunitinib malate for the treatment of pancre-
atic neuroendocrine tumors. N Engl J Med 
2011; 364: 501-513. 

[14] Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, 
Van Cutsem E, Hobday TJ, Okusaka T, Cap-
devila J, de Vries EG, Tomassetti P, Pavel ME, 
Hoosen S, Haas T, Lincy J, Lebwohl D and 
Oberg K. Everolimus for advanced pancreatic 
neuroendocrine tumors. N Engl J Med 2011; 
364: 514-523. 

[15] Volante M, Brizzi MP, Faggiano A, La Rosa S, 
Rapa I, Ferrero A, Mansueto G, Righi L, 
Garancini S, Capella C, De Rosa G, Dogliotti L, 
Colao A and Papotti M. Somatostatin receptor 
type 2A immunohistochemistry in neuroendo-
crine tumors: a proposal of scoring system cor-
related with somatostatin receptor scintigraphy. 
Mod Pathol 2007; 20: 1172-1182. 

[16] Pisarek H, Pawlikowski M, Kunert-Radek J and 
Winczyk K. Does the response of GH-secreting 
pituitary adenomas to octreotide depend on the 
cellular localization of the somatostatin recep-
tor subtypes SSTR2 and SSTR5? Endokrynol 
Pol 2010; 61: 178-181. 

[17] Thodou E, Kontogeorgos G, Theodossiou D and 
Pateraki M. Mapping of somatostatin receptor 
types in GH or/and PRL producing pituitary 
adenomas. J Clin Pathol 2006; 59: 274-279. 

[18] Remmele W, Stegner HE. Recommendation for 
uniform definition of an immunoreactive score 
(IRS) for immunohistochemical estrogen recep-
tor detection (ER-ICA) in breast cancer tissue. 
Pathologe 1987; 8: 138-140. 

[19] Fischer T, Doll C, Jacobs S, Kolodziej A, Stumm 
R and Schulz S. Reassessment of sst2 soma-
tostatin receptor expression in human normal 
and neoplastic tissues using the novel rabbit 
monoclonal antibody UMB-1. J Clin Endocrinol 
Metab 2008; 93: 4519-4524. 

[20] Schulz S, Schreff M, Schmidt H, Handel M, 
Przewlocki R and Hollt V. Immunocytochemical 
localization of somatostatin receptor sst2A in 
the rat spinal cord and dorsal root ganglia. Eur 
J Neurosci 1998; 10: 3700-3708. 

[21] Schulz S, Schulz S, Schmitt J, Wiborny D, 
Schmidt H, Olbricht S, Weise W, Roessner A, 
Gramsch C and Hollt V. Immunocytochemical 
detection of somatostatin receptors sst1, 
sst2A, sst2B, and sst3 in paraffin-embedded 
breast cancer tissue using subtype-specific 
antibodies. Clin Cancer Res 1998; 4: 2047-
2052. 

[22] McCarty KS Jr, Miller LS, Cox EB, Konrath J and 
McCarty KS Sr. Estrogen receptor analyses. 
Correlation of biochemical and immunohisto-
chemical methods using monoclonal antirecep-
tor antibodies. Arch Pathol Lab Med 1985; 
109: 716-721. 

[23] Reubi JC, Schaer JC, Waser B and Mengod G. 
Expression and localization of somatostatin 
receptor SSTR1, SSTR2, and SSTR3 messenger 
RNAs in primary human tumors using in situ 
hybridization. Cancer Res 1994; 54: 3455-
3459. 

[24] Reubi JC, Waser B, Khosla S, Kvols L, Goellner 
JR, Krenning E and Lamberts S. In vitro and in 
vivo detection of somatostatin receptors in 
pheochromocytomas and paragangliomas. J 
Clin Endocrinol Metab 1992; 74: 1082-1089. 

[25] Reubi JC, Waser B. Concomitant expression of 
several peptide receptors in neuroendocrine 
tumours: molecular basis for in vivo multirecep-
tor tumour targeting. Eur J Nucl Med Mol Imag-
ing 2003; 30: 781-793. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


