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Abstract: Background: Manual evaluation of somatostatin receptor (SSTR) immunohistochemistry (IHC) is a time-
consuming and cost-intensive procedure. Aim of the study was to compare manual evaluation of SSTR subtype IHC 
to an automated software-based analysis, and to in-vivo imaging by SSTR-based PET/CT. Methods: We examined 
25 gastroenteropancreatic neuroendocrine tumor (GEP-NET) patients and correlated their in-vivo SSTR-PET/CT data 
(determined by the standardized uptake values SUVmax,-mean) with the corresponding ex-vivo IHC data of SSTR 
subtype (1, 2A, 4, 5) expression. Exactly the same lesions were imaged by PET/CT, resected and analyzed by IHC in 
each patient. After manual evaluation, the IHC slides were digitized and automatically evaluated for SSTR expres-
sion by Definiens XD software. A virtual IHC score “BB1” was created for comparing the manual and automated 
analysis of SSTR expression. Results: BB1 showed a significant correlation with the corresponding conventionally 
determined Her2/neu score of the SSTR-subtypes 2A (rs: 0.57), 4 (rs: 0.44) and 5 (rs: 0.43). BB1 of SSTR2A also 
significantly correlated with the SUVmax (rs: 0.41) and the SUVmean (rs: 0.50). Likewise, a significant correlation 
was seen between the conventionally evaluated SSTR2A status and the SUVmax (rs: 0.42) and SUVmean (rs: 0.62).
Conclusion: Our data demonstrate that the evaluation of the SSTR status by automated analysis (BB1 score), us-
ing digitized histopathology slides (“virtual microscopy”), corresponds well with the SSTR2A, 4 and 5 expression as 
determined by conventional manual histopathology. The BB1 score also exhibited a significant association to the 
SSTR-PET/CT data in accordance with the high affinity profile of the SSTR analogues used for imaging.
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Introduction

Neuroendocrine tumors (NET) are an extremely 
heterogeneous group of neoplasms. Therefore, 
the diagnostics and therapy are significantly 
influenced by various biological properties, 
such as degree of differentiation (grading), 
tumor proliferation (e.g., Ki-67 index) and stag-
ing [1-3].

Somatostatin receptors (SSTR) are expressed 
in nearly all neuroendocrine tumors (NET), 
especially in gastroenteropancreatic NET (GEP-
NET). There are 5 human SSTR subtypes known 
(SSTR1, 2A, 3, 4, 5), which in a variable pattern 
and density are all expressed in GEP-NET. In 

GEP-NET, the diagnostics and treatment of 
each individual patient is based on the SSTR 
expression profile of the respective tumor [4]. 
SSTR serve as the molecular basis for high sen-
sitive molecular imaging procedures (PET/CT) 
as well as therapy targets for long-acting soma-
tostatin receptor analogues and peptide recep-
tor-radionuclide therapy (PRRT) [5, 6]. The maxi-
mum - and mean standardized uptake values 
(SUVmax, SUVmean) in SSTR-based PET are 
directly associated to the used peptide. These 
synthetic SSTR-analogues are characterized by 
a different SSTR-affinity profile to each SSTR-
subtype [7]. As shown by Ocak et al. the clinical 
images with different peptides gave compara-
ble results but the SUVvalues differ significantly 
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[8]. The SSTR subtypes distribution and fre-
quency of each tumor lesion are directly con-
nected to uptake in PET and further medical 
treatment.

Immunohistochemistry is currently the routine 
standard method for assessing the extent of 
SSTR subtypes expression in NET cells. 
Evaluation of the amount of expression is done 
visually by means of different semiquantitative 
scoring systems, as e.g. the human epidermal 
growth factor receptor 2 (HER2/neu) score and 
the immunoreactive score (IRS). However, still 
none of this scoring systems has become 
established as shown by our group in previous 

it is essential to generate objective and quanti-
tative, but also concordant data with the differ-
ent methods used. However, the extent of cor-
relation between the different modalities used 
for patient diagnosis and individual therapy has 
not been quantified so far. In order to achieve 
such quantifications, we correlated different 
data sets from different modalities (PET/CT 
and histopathological data) from the same 
patient. We quantified tissue morphology, 
staining distribution and intensity of staining, 
using both automated image analysis and man-
ually performed Her2/neu and IRS scoring. In a 
next step, we computed correlations between 
image analysis results and manual Her2/neu 

Table 1. Patients characteristic
Number Age Sex Primary tumor Grading Origin of lesions
1 69 male CUP 2 I Liver - MTS
2 71 female Duodenum 2 I Peritoneal - MTS
3 43 male Appendix 3 I Appendix - PT

II Peritoneal - MTS
4 70 male Ileum 2 I Liver - MTS
5 43 female Ileum 2 I Lymph node - MTS
6 73 male Ileum 2 I Liver - MTS
7 51 male Ileum 2 I Ileum - PT 
8 33 female Pancreas 2 I Pancreas - PT 
9 51 male Pancreas 2 I Meso - MTS 
10 57 female Pancreas 2 I Liver - MTS
11 48 female Pancreas 2 I Liver - MTS 
12 82 male Ileum 2 I Meso - MTS

II Meso - MTS 
III Ileum - PT 

IV Peritoneal - MTS 
13 49 male Stomach 2 I Liver - MTS 
14 65 female Pancreas 2 I Liver - MTS 
15 59 female Pancreas 2 I Pancreas - PT 
16 54 male Ileum 1 I Liver - MTS

II Ileum - PT
17 71 male Pancreas 2 I Small-intestine - MTS
18 52 female Ileum 2 I Peritoneal - MTS 
19 77 male Pancreas 2 I Stomach - MTS 
20 50 male Ileum 1 I Meso - MTS 

II Lymph node - MTS
21 53 female Ileum 1 I Ileum - PT 
22 73 male Pancreas 2 I Peritoneal - MTS 
23 59 male Pancreas 1 I Thyroid - MTS 
24 45 male Stomach 3 I Stomach - PT 
25 68 female Ileum 2 I Liver - MTS
Abbreviations: CUP - carcinoma of unknown primary; PT - primary tumor; MTS - 
metastases.

studies, making it difficult to 
compare different immunohis-
tochemical studies [9]. Immu- 
nohistochemical evaluation is 
a time-consuming, personnel- 
and cost-intensive process. 
Furthermore, the evaluation is 
semiquantitative, poorly stan-
dardised and inter-observer 
biased. Since few years, auto-
mated cellular imaging sys-
tems are available to improve 
histopathological investigati- 
ons [10]. Automatic measure-
ment of cell proliferation and 
immunohistochemical mark-
ers, automated vessel identifi-
cation in immunohistochemi-
cal sections, automated in-si- 
tu hybridization (ISH) and se- 
miautomated image analysis 
of tissue microarrays (TMAs) 
are performed in workflows 
already [11-15]. Studies have 
shown that automated proce-
dures are objective, fast and 
reproducible with high levels 
of accuracy and strong corre-
lations of results between 
manually and automated an- 
alysis procedures [16]. Parti- 
cularly in large clinical trials 
they have a proven precision, 
are less observer dependent 
and have shown a better 
reproducibility of data than 
manual methods [17, 18].

Especially for the diagnosis, 
therapy and prognosis of NET, 
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and IRS scoring. In the present study, for the 
first time, we present correlations between 
molecular imaging of SSTR using PET/CT data 
(SUV max and SUVmean) and immunohisto-
chemical data of SSTR (1, 2A, 4, 5) expression 
in comparison to an automated image analysis 
of digitized slides by Definiens Tissue Studio 
software.

Patients and methods

Twenty-five neuroendocrine tumor patients 
(Table 1) were routinely advised to a surgical 
procedure by an interdisciplinary tumor board. 

All patients signed an informed consent and 
the study was approved by a local ethics com-
mittee. Retrospectively, we obtained PET/CT 
imaging data from these 25 randomly selected 
neuroendocrine tumor patients. The patients 
had received an injection of Ga-68 DOTANOC (n 
= 17) or DOTATATE (n = 8), which are Gallium-
68-radiolabeled analogues of somatostatin 
and are used in conjunction with PET to image 
neuroendocrine tumors and their metastases 
(Figure 1). The PET/CTs were routinely per-
formed during the staging process, and 
Standardized Uptake Values (SUV) as SUVmax 
and SUVmean of each single tumor lesion were 

Figure 1. 68Ga-DOTA-NOC PET/CT demonstrates a gastric metastasis of a neuroendocrine pancreatic tumor. The 
metastasis corresponds with the immunohistochemical image in Figure 2.
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calculated. All patients were examined using a 
dual-modality PET/CT tomograph (Biograph 
LSO Duo; Siemens Medical Solutions, U.S.A), 
as described previously [19]. Patients were 
then operated and each single tumor lesion (n 
= 31) was removed, marked and correlated to 
the lesions, that had already been detected on 
Ga-68 SSTR PET/CT. Then, immunohistochemi-
cal analysis of tumor tissue was performed 
with specific polyclonal and monoclonal anti-
bodies. The detection of SSTR-subtypes was 
performed using the labeled streptavidin-bio-
tin-method (LSAB) and counterstaining was 
done with haematoxylin. The monoclonal rabbit 
antibody used for detection of SSTR2A was 
custom produced by Epitomics, Burlingame, CA 
(USA), and the polyclonal rabbit antibodies for 
detection of SSTR1, 4 and 5 by Gramsch 
Laboratories, Schwabhausen (Germany). The 
rabbit antibodies were generated against the 
respective carboxyl-terminal tail of each human 
SSTR-subtype. 

The analysis of the stained sections was done 
with light microscopy according to the immuno-
reactive score (IRS) by Remmele and Stegner 
and to the Her2/neu DAKO scoring system as 
previously described by our group [19, 20] 
(Table 2).

In order to minimize the inter-observer bias, the 
immunohistochemical analysis was performed 
by two independent investigators on each tis-
sue section. All immunohistochemically stained 
slides were digitized using an VS120 slide scan-
ner (Olympus® U.S.A). Then, Definiens soft-
ware (Definiens Developer XD and Definiens 
Tissue Studio®; Munich, Germany) was used 
for the image analysis of the virtual tissue 
slides. In a first step a simple image analysis 

solution was developed and was applied on the 
virtual slides by using Definiens Developer XD. 
We used low magnification (5x) of the virtual 
slides. This first image analysis solution em- 
ploys chessboard segmentation and threshold 
classification algorithms for the separation of 
tissue from non-tissue regions on the slide, 
assigns tissue regions to different semantic 
classes according to their stain intensity in 
“positive”, “strong positive” and “negative”. 
“Positive” are stained and “negative” are non-
stained tissue regions. Areas of these regions 
and relations between them are calculated 
automatically. Such relations are then correlat-
ed to Her2- and IRS-score as calculated by the 
pathologist. In a next step we used Definiens 
Tissue Studio® (Munich, Germany) for the auto-
mated cell-by-cell image analysis and quantifi-
cation of the virtual slides. Definiens Tissue 
Studio® identifies regions of interest (ROI) 
automatically or with learn-by-example appr- 
oaches, operates through a simple, intuitive 
user interface and offers unlimited throughput 
with parallel batch processing. This image anal-
ysis solution, separates tumor from non-tumor 
regions, calculates SSTR (1, 2A, 4, 5) staining 
intensity in the tumor regions, calculates areas 
of tumor and non-tumor regions, calculates and 
quantifies morphological properties of single 
cells and single cell compartments like nuclei 
(area, symmetry, staining intensity) and deter-
mines relations between tumor and non-tumor 
regions. Using the image analysis results, the 
calculation of user defined features in analogy 
to the HER2/neu score and to the IRS was 
done.

Similar to the immunoreactive score of 
Remmele and Stegner, we developed a virtual 
score “Bad Berka Score 1 (BB1)” which is calcu-

Table 2. IRS and HER2-scoring system
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 = strong positive
4 ≥ 80% positive cells
Her2/neu Score Reaction Format Impression
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
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lated by the percentage of cells with high mark-
er intensity multiplied with the mean immuno-
histochemical marker intensity (BB1 = % cell 
high marker intensity x mean immunohisto-
chemical marker intensity). In a next step, we 
used data mining methods in order to find cor-
relations between all the previous data of the 
same and of different modalities for all patients. 
124 immunohistochemical slides from 25 
patients were digitized (31 each of the SSTR-
subtypes 1, 2A, 4, 5). The SSTR3 slides were 
not digitized due to logistical problems. From 
these 124 slides, 23 SSTR1, 23 SSTR2A, 25 

bring in detailed expert knowledge and enables 
complex analyses to be performed with unprec-
edented accuracy, even on poor quality data or 
for structures exhibiting heterogeneous proper-
ties or variable phenotypes. Extracted struc-
tures are the basis for detailed morphometric, 
structural and relational measurements which 
can be exported for each individual structure. 
These data can be used for decision support or 
correlated against experimental or molecular 
data. Especially the Definiens Tissue Studio® 
software enables the user to apply ready to use 
image analysis solutions in a butch processing 

Table 3. Patients data for SSTR2A results and PET/CT data
Patient no./
lesion, slide

IRS 
SSTR2A

Her2/neu 
SSTR2A

BB1 
SSTR2A SUVmax SUVmean

1/1 6 3+ 0.4291 5.7 3.4
2/1 3 1+ 9.2348 8.2 2.0
3/1 3 1+ N/D N/D N/D
3/2 4 1+ 0.0906 4.3 2.1
4/1 12 3+ 1.0434 13.6 8.1
5/1 9 3+ N/D 6.8 3.9
6/1 12 3+ N/D 33.7 21.0
7/1 4.5 3+ 8.9353 8.3 4.9
8/1 12 3+ 90.511 25.9 15.8
9/1 4 1+ 0.8317 5.7 2.9
10/1 6 3+ 4.5260 10.6 6.9
11/1 12 3+ 0.9260 5.6 4.6
12/1 4 1+ N/D N/D N/D
12/2 12 3+ N/D 4.2 2.7
12/3 12 3+ N/D N/D N/D
12/4 12 3+ N/D 4.3 2.8
13/1 6 3+ 1.0818 6.4 4.0
14/1 6 3+ 4.9974 6.2 4.9
15/1 6 3+ 10.024 17.4 10.0
16/1 4.5 3+ 0.1238 14.8 9.5
16/2 6 3+ 119.52 6.5 3.6
17/1 12 3+ N/D 10.5 6.5
18/1 12 3+ 0.8516 12.6 N/D
19/1 12 3+ 15.176 9.4 5.5
20/1 9 3+ 4.5053 13.5 9.6
20/2 12 3+ 14.520 9.6 5.9
21/1 5 3+ 7.2947 14.6 9.0
22/1 12 3+ 1.9985 12.4 9.1
23/1 12 3+ 1.8545 8.4 4.8
24/1 3 1+ 0.2441 4.9 2.8
25/1 8 2+ 2.7681 6.7 2.0
Abbreviations: N/D - no data available; IRS - Immunoreactive score; Her2/
neu - Her2/neu-score; BB1 - digital immunohistochemical score “Bad 
Berka 1”; SUVmax,-mean standardized uptake value maximum, -mean.

SSTR4 and 22 SSTR5 slides were 
used as virtual slides for the present 
study. 31 slides of SSTR5 (stained by 
a new monoclonal anti-SSTR5 anti-
body) were taken out. All slides were 
from the same patients who had 
received the PET/CT scan before 
(PET/CT data shown in Table 3). Most 
of the patients had more than one 
tissue sample, sometimes up to five 
specimens (primary tumor and 
metastases). We employed Definiens 
AG Image Analysis (Definiens Tissue 
Studio®) for the automated analysis 
of these virtual slides (Figure 2). 
SSTR-stained regions on the slides 
were assigned as positive and tissue 
regions without SSTR expression as 
negative. Regions of interest (ROIs), 
color intensities, numbers of objects 
like nuclei and cells and their mor-
phological features among other pro- 
perties were calculated. Data mining 
methods were applied in order to 
quantify correlations between image 
analysis results of SSTR-stained tis-
sue and the corresponding IRS and 
HER2/neu scoring data, which have 
been manually evaluated.

Definiens image analysis technology

The Definiens Software we used for 
image analysis is based on the 
Definiens Cognition Network Techno- 
logy (CNT). The technology is object-
oriented, multi-scale, context-driven 
and knowledge-based [21, 22]. 
Images are interpreted on the prop-
erties of networked image objects, 
which results in numerous advantag-
es. This approach enables users to 
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[23, 24]. There are several of such solutions 
already. These solutions are developed in order 
to analyze single objects. Single objects are for 
instance single and their compartments. These 
image analysis solutions segment and classify 
individual cells and cell compartments like 

nuclei, cytoplasm and membranes. So it is pos-
sible to classify each individual cell based on 
the stain of the individual cell membrane, or 
the stain intensity of the cell cytoplasm, or of 
the cell nucleus. Visual inspection of the virtual 
slides showed strong expression of SSTR 1, 4 

Figure 2. A: Digitized immunohistochemical slide from a gastric metastasis of a neuroendocrine pancreatic tumor 
showing the selected region of interest (ROI; blue line). The section was stained with a monoclonal antibody against 
the SSTR2A and displays a strong SSTR2A expression in the tumor cells (brown color; magnification 100 ×). B: Detail 
of A, showing the predominant localization of the SSTR2A at the plasma membrane of the tumor cells; Initialization 
of cellular analysis (magnification 600 ×). C: Automated nucleus segmentation (magnification 600 ×). D: Automated 
cell segmentation (magnification 600 ×). E: Automated cell membrane classification (SSTR2A is a membrane-bound 
receptor) (magnification 600 ×). F: Automated cell classification according to intensity of cell membrane staining 
(magnification 600 ×). G: Automated cell classification (transparent) according to plasma membrane staining (mag-
nification 600 ×).



Manual and automated evaluation of SSTR

4977 Int J Clin Exp Pathol 2014;7(8):4971-4980

and 5 in the cytoplasm of each individual cell 
(Figure 3). In contrast to SSTR2A, which showed 
a strong membrane-bound receptor expression 
(Figure 2B). Therefore we used the Tissue 
Studio® Solutions for classifying each individu-
al cell according to the SSTR expression in the 
cytoplasm for all these stains. For the SSTR2A 
we applied the Tissue Studio® Solution, which 
classifies cells according on the stain in the cell 
membrane. Both solutions allow the automati-
cally calculation of stain intensity und of mor-
phological properties of each individual object. 
The results are automatically arranged and are 
available for further statistical calculations.

Statistical analysis

Statistical analysis was performed using Sig- 
maPlot for Windows Version 11.0, Build 
11.0.0.75, Systat Software 2008. Spearman’s 
rank order correlation (rs) was used to investi-
gate correlations between automated and 
manually examined immunohistochemical 
image analysis results (IRS and Her2/neu scor-
ing) and PET/CT uptake values. A P-value ≤ 
0.05 was considered statistically significant.

Results

The SSTR-subtypes 2A and 5 were mostly con-
fined to the plasma membrane, whereas SSTR1 
and SSTR4 were predominantly located in the 
cytoplasm of the tumor cells. All tumor slides 
were characterized by a remarkable heteroge-
neity of staining, both within and between the 
different samples of the same patient. 

Automated analysis of SSTR

The virtual BB1 score was significantly positive-
ly correlated (range rs: 0.43-0.57) to the corre-

sponding manually evaluated IRS and Her2/
neu score of the SSTR-subtypes 2A and 5 
(Table 4). BB1 of SSTR4 only displayed a signifi-
cant positive correlation with Her2/neu (rs: 
0.44; P = 0.028), whereas no significant corre-
lation was seen to IRS (rs: 0.25; P = 0.229). BB1 
of SSTR2A exhibited a significant correlation 
with the SUVmax (rs: 0.41; P = 0.049) and the 
SUVmean (rs: 0.50; P = 0.019) of the PET/CT. 
With all other subtypes, SSTR1, SSTR4 and 
SSTR5, the correlation factor was below 0.1 
and no significant correlation was observed 
(Table 4). Separated analysis of patients 
imaged by DOTA-NOC (n = 16) and DOTA-TATE (n 
= 8) peptides demonstrated a significant cor-
relation of BB1 of SSTR2A to SUVmax (rs: 0.58; 
P = 0.018) and SUVmean (rs: 0.52; P = 0.039) 
whereas no significant correlation was detect-
able for imaging with DOTA-TATE (Supplementary 
Tables 1 and 2).

Manually evaluated SSTR data

The SSTR2A expression as evaluated manually 
by means of the Her2/neu-score was signifi-
cantly positively correlated to the SUVmax (rs: 
0.42; P = 0.028) and SUVmean (rs: 0.62; P < 
0.001). In contrast, the SSTR2A expression as 
determined by the IRS score exhibited no sig-
nificant correlation to SUVmax (rs: 0.24; P = 
0.224) and SUVmean (rs: 0.34; P = 0.081). This 
was also the case for all other SSTR subtypes 
(SSTR1, 4, 5) which did not show any significant 
association to the PET/CT values.

PET/CT data

SUVmax data could be detected in 28/31 
lesions with a range from 4.2 to 33.7 (median 
8.35). SUVmean data were determined in 
27/31 lesions (range 2.0 to 21.0, median 4.9). 
Some small lesions were not measured or even 
not detected by molecular imaging but were 
histologically proven as small metastases.

Discussion

Since few years automated cellular imaging 
systems are available for improvement of histo-
pathological investigations [10]. In many stud-
ies, automatic measurements of cell prolifera-
tion and of immunohistochemical markers, 
automated vessel identification in immunohis-
tochemical sections, automated in-situ hybrid-
ization (ISH) and semiautomated image analy-

Figure 3. Cytoplasmatic staining of SSTR.
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sis of tissue microarrays (TMAs), have been 
proven to be comparable to manual analysis 
[11-15]. Additionally, these automated proce-
dures have been shown to be cost-effective 
and time saving [16]. Particularly in large clini-
cal trials they have a proven precision, are less 
observer dependent and have shown a better 
reproducibility of data in comparison to manual 
ones [17, 18].

However, although many automatic procedures 
are used during routine histopathology already, 
quantitative correlations between automated 
and manually evaluated modalities used for 
neuroendocrine tumor patients are not avail-
able so far.

Previous studies have demonstrated the signifi-
cant positive association between the SUV of 
SSTR-based PET/CT and in-vitro immunohisto-
chemical analysis [25, 26]. In the present study, 
we were also able to detect a significant posi-
tive correlation between the SSTR2A expres-
sion as evaluated manually according to the 
Her2/neu score and the PET/CT SUVmax and 
-mean. However, SSTR2A expression as deter-
mined by IRS did not show any significant asso-
ciation to PET/CT data. This latter result is in 
contradiction to the studies of Miederer and 
Kaemmerer et al. who were able to demon-
strate a strong correlation between SUV in PET/
CT and SSTR2A expression [19, 26]. Both of 
these studies reported data from patients who 
were injected and analyzed by only one SSTR-
analogue (DOTA-TOC or DOTA-NOC), whereas in 
the present investigation PET/CT data were 
obtained with two different peptides (DOTA-
TATE and DOTA-NOC), displaying quite different 
SSTR-affinities, were included. DOTA-TATE 
showed a 10 times higher affinity to SSTR2A 
than DOTA-NOC [7]. This could be one explana-
tion for our results and for the discrepancy 
between the two scoring systems.

BB1 was created as a virtual immunohisto-
chemical score. Our data show a significant 
positive correlation between the BB1 of the 
SSTR2A, the manually evaluated SSTR2A 
expression and the SUVmax and SUVmean of 
the PET/CT. The BB1s of the other SSTRs, in 
contrast, displayed no correlation to the PET/
CT data. With regard to the somatostatin ana-
logues used for the PET/CT measurements in 
the present investigation, these results seem 
to be reasonable, because the affinity of these 
peptides to the SSTR2A is much higher than to 
all other SSTR subtypes [27]. In the present 
investigation correlation factors ranging from 
0.25 to 0.57 were observed between the BB1 
and the corresponding manual data. These cor-
relations were significant for the SSTR2A and 
the SSTR5 expression both with respect to the 
IRS and to the Her2/neu scoring system. 
Concerning the SSTR4 expression, a significant 
correlation between the BB1 and the respec-
tive manual data was seen for the HER2/neu 
scoring system only.

In clinical practice, in vivo molecular imaging by 
somatostatin-analogue-based PET/CT has 
become the golden standard for diagnostics of 
GEP-NET. To further optimize molecular imag-
ing and to save financial and staff resources, it 
is useful to evaluate the SSTR subtype status 
of the tumor beforehand. Without a molecular 
sstr targets a molecular sstr based imaging 
procedure is useless. For this, the immunohis-
tochemical evaluation of the SSTR status on 
formalin-fixed, paraffin-embedded resected 
tumor specimens has become the method of 
choice [28, 29]. It is cheaper and faster than 
autoradiography, does not require radioactive 
material and can be done during routine histo-
pathological examinations. Our data provide 
further clinical evidence for the feasibility of an 
automated evaluation of immunohistochemical 
stainings e.g. by means of the Definiens soft-

Table 4. Digital analysis of BB1 in correlation to PET/CT- and manually evaluated immunohistochemi-
cal scores
                      Manual Score
Virtual Score IRS Her2/neu SUVmax (PET/CT data) SUVmean (PET/CT data)

BB1 (SSTR1) r: 0.34; P = 0.10 N = 24 r: 0.29; P = 0.175 N = 24 r: -0.34; P = 0.124 N = 22 r: -0.13; P = 0.554 N = 21

BB1 (SSTR2A) r: 0.43; P = 0.042* N = 23 r: 0.57; P = 0.005* N = 23 r: 0.41; P = 0.049* N = 23 r: 0.50; P = 0.019* N = 23

BB1 (SSTR4) r: 0.25; P = 0.229 N = 25 r: 0.44; P = 0.028* N = 25 r: 0.00; P = 0.987 N = 23 r: 0.08; P = 0.728 N = 22

BB1 (SSTR5) r: 0.46; P = 0.033* N = 22 r: 0.43; P = 0.044* N = 22 r: -0.04; P = 0.859 N = 21 r: 0.06; P = 0.782 N = 20
Abbreviations: IRS - Immunoreactive score; Her2/neu - Her2/neu-score; BB1 - digital immunohistochemical score “Bad Berka 1”; SUVmax,-mean standardized uptake 
value maximum, -mean; r: correlation factor; *p < 0.05.
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ware tools [17, 18]. Thus, in future, the immuno-
histochemical slides can be digitized and ana-
lyzed by an automated image analysis 
procedure to evaluate the SSTR subtype profile 
prior to further diagnostic and therapeutic 
recommendations.

Conclusion

In summary, it can be concluded that the evalu-
ation of the main interesting SSTR subtypes 
(2A and 5) of a given tumor by an automatic 
SSTR analysis is a reliable method to further 
improve diagnostics and the assignment of the 
patients to a stratified therapy with one of the 
different somatostatin analogues available for 
PRRT or pharmacological treatment.
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Supplementary Table 1. Digital analysis of BB1 in correlation to PET/CT- and manually evaluated im-
munohistochemical scores for patients with DOTA-NOC
                    Manual Score
Virtual Score IRS Her2/neu SUVmax (PET/CT data) SUVmean (PET/CT data)

BB1 (SSTR1) r: 0.42; P = 0.10 N = 16 r: 0.35; P = 0.18 N = 16 r: -0.23; P = 0.38 N = 16 r: -0.20; P = 0.45 N = 16

BB1 (SSTR2A) r: 0.47; P = 0.07 N = 16 r: 0.61; P = 0.012* N = 16 r: 0.58; P = 0.018* N = 16 r: 0.52; P = 0.039* N = 16

BB1 (SSTR4) r: 0.11; P = 0.66 N = 18 r: 0.37; P = 0.13 N = 18 r: -0.05; P = 0.86 N = 18 r: -0.02; P = 0.95 N = 18

BB1 (SSTR5) r: 0.57; P = 0.027* N = 15 r: 0.55; P = 0.034* N = 15 r: -0.04; P = 0.89 N = 15 r: 0.01; P = 0.96 N = 15
r: correlation factor. *: P < 0.05.

Supplementary Table 2. Digital analysis of BB1 in correlation to PET/CT- and manually evaluated im-
munohistochemical scores for patients with DOTA-TATE
                       Manual Score
Virtual Score IRS Her2/neu SUVmax (PET/CT data) SUVmean (PET/CT data)

BB1 (SSTR1) r: 0.06; P = 0.90 N = 8 r: -0.10; P = 0.82 N = 8 r: 0.66; P = 0.08 N = 8 r: 0.66; P = 0.07 N = 8

BB1 (SSTR2A) r: 0.19; P = 0.69 N = 7 r: 0.54; P = 0.22 N = 7 r: 0.47; P = 0.29 N = 7 r: 0.36; P = 0.43 N = 7

BB1 (SSTR4) r: -0.27; P = 0.56 N = 7 r: 0.20; P = 0.66 N = 7 r: 0.23; P = 0.61 N = 7 r: 0.27; P = 0.56 N = 7

BB1 (SSTR5) r: 0.21; P = 0.66 N = 7 r: 0.21; P = 0.66 N = 7 r: -0.31; P = 0.50 N = 7 r: -0.34; P = 0.45 N = 7
r: correlation factor. 


