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ARTICLE INFO ABSTRACT

Neuroendocrine breast cancer (NEBC) is a group of rare tumors, which could benefit from therapy targeting the
somatostatin receptors (SSTRs). In particular, SSTR2A and SSTR5 are potential targets given their consistent
expression in gastrointestinal and pancreatic primary and metastatic neuroendocrine cancers. Currently, there
are no studies describing the expression of SSTRs in NEBC. The purpose of our study was to characterize the
immunohistochemical expression of SSTR2A and SSTRS5 in a cohort of NEBC.

Thirty-one primary NEBC cases were analyzed, and SSTR2A and SSTR5 immunohistochemistry performed
and scored using the modified immunoreactive score proposed by Remmele and Stanger.

All patients were females with a mean age of 66.6 years (SD = 14). 77% of cases were histological grade 2.
SSTR2A showed a weak positivity in 11 cases (35.5%), moderate positivity in 6 cases (19.4%) and strong po-
sitivity in 5 cases (16.1%). Nine cases were negative for SSTR2A (29%). SSTR5 showed a weak positivity in 16
cases (51.6%), moderate positivity in 6 cases (19.4%), while no cases showed strong positivity. Nine cases were
negative for SSTR5 (29%). Five cases were negative for both SSTR2A and SSTRS.

A weak to moderate SSTR2A and SSTR5 expression was observed in 50-70% of the cases. A subset of NEBCs
with strong SSR2A expression may benefit from SSTRs targeted therapy. These results need further validation in
a larger series including metastatic NEBC, to provide potential therapeutic targets for patients with advanced

Keywords:

Neuroendocrine breast cancer
Somatostatin receptors
Immunohistochemistry

disease.

1. Introduction

Neuroendocrine breast cancer (NEBC) is a group of rare tumors.
Their reported incidence among breast cancers as a whole varies be-
tween 0.1% and 18%, [1-5] depending on specific diagnostic criteria
used in the respective series. This variation is mostly dependent on a
lack of well-established diagnostic criteria. According to the current
(2012) World Health Organization (WHO) classification of tumors [6],
NEBC includes 3 subtypes, namely poorly differentiated small cell
carcinoma, well differentiated carcinoma and invasive breast carci-
noma with immunohistochemical (IHC) evidence of neuroendocrine
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differentiation, as measured by neuroendocrine (NE) markers, such as
synaptophysin and chromogranin A. Among the latter group, no special
type (NST) invasive breast cancer is most common. However, among
special types of breast cancer, NE differentiation is most often asso-
ciated with the solid papillary and cellular mucinous subtypes [6]. The
previous, 2003, WHO classification required that at least 50% of tumor
cells show IHC positivity to NE markers [7]. This difference partly ex-
plains the variability in incidence among different series. Additionally,
previous studies have shown that NEBC could be underdiagnosed, if one
is to employ routine H&E (hematoxylin and eosin) stained slides as the
primary diagnostic tool, with NE markers used only to confirm the
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diagnosis [4,8].

There is some controversy regarding the prognosis of NEBC, with
some studies showing overall survival comparable to matched no-spe-
cial-type cases, but reduced disease-free survival [4,9], while others
showed worse overall survival [1,10].

Somatostatin receptors (SSTRs) are G-protein coupled receptors.
When activated by the peptide somatostatin (SST) they function as
potent inhibitors of hormonal secretion and demonstrate an anti-
proliferative effect. Cells of NE tumors (NETs) of lung, prostate and
gastrointestinal system, as well as NST breast cancer express somatos-
tatin receptors (SSTR) [11-16]. There are five known subtypes of SSTRs
(numbered 1-5), with SSTR2A being associated with the strongest an-
tiproliferative effect in vitro [17], as well as being the subtype most
commonly expressed in NST breast cancer [18]. The luminal, estrogen
receptor positive, subtype of breast cancer seems to be most closely
associated with expression of SSTRs [19].

No official guidelines exist for the treatment of NEBC [6,20]. Con-
ventional breast cancer therapy is the mainstay of treatment, although
one recent study provides some evidence for targeted treatment options
[21]. In the past, clinical trials of combination therapy including SST
analogues in metastatic NST breast cancer have demonstrated some
benefit, with studies using higher doses yielding better results [22].
However, no recent trials are available.

The aim of this study was to investigate the SSTR2 and SSTR5 ex-
pression in a retrospective multicenter series of NEBC.

2. Materials and methods
2.1. Subjects

Thirty-one primary neuroendocrine breast cancer cases were se-
lected from the archives of the Institute of Pathology of the “Sestre
milosrdnice” University Hospital Centre, in Zagreb, Croatia and from
the Department of Pathology of the Sarajevo University Hospital
Centre, in Sarajevo, Bosnia and Herzegovina, for the period between
2006 and 2017. The study was in accordance with the Ethics Committee
recommendations of “Sestre milosrdnice” University Hospital Centre
(Croatia) and Sarajevo University Hospital Centre (Bosnia and
Herzegovina).

Patient and case information was retrieved from electronic medical
records. All cases were diagnosed on formalin fixed, paraffin embedded,
glass mounted, and H&E stained slides, based on histological criteria of
NE differentiation. The diagnosis was confirmed with synaptophysin
and/or chromogranin immunohistochemistry in all cases. Subtyping
was performed using human epidermal growth factor receptor 2 (Her2/
neu), progesterone receptor (PR), estrogen receptor (ER), and Ki-67
IHC. According to the St Gallen consensus criteria [23] Ki-67 cutoff was
set to 20%. Pre-2012 cases were diagnosed using the 50% positivity cut-
off for NE markers [24], while for post-2012 cases no cut-off was used.
Histologic grade was assessed using the Nottingham histologic grading
[25].

2.2. Immunohistochemical analysis

All cases were reviewed by an expert pathologist (A.D.) to confirm
the diagnosis and select the appropriate slides for analysis. From each
case, one representative block was selected for SSTR IHC.
Immunohistochemistry for SSTR2A and SSTR5 was performed on
Autostainer link 48 machines (Dako, Denmark) with antibodies by
Abcam (USA), using the indirect EnVision polymer-based method.
Antibody characteristics are given in Table 1. Neuroendocrine pan-
creatic carcinoma served as a positive control and replacement of the
primary antibody with isotype-matched immunoglobulin was used as a
negative control. The whole mounts of the chosen slides were examined
under low (x40) and medium magnification (x200) by three in-
dependent pathologists (A.D., D.T. and M.P.B.), who were blinded to
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Table 1

Summary of antibodies, clones, dilutions.

Antibody Company Reference Clone Origin Isotype Dilution

SSTR2A Abcam ab134152 UMB1 Rabbit IgG 1:200
monoclonal

SSTR5 Abcam ab109495 UMB4 Rabbit 18G 1:200
monoclonal

the clinical course of the patients, and any difference was resolved by a
joint review at a multi-headed microscope.

Only membranous staining was considered as a positive reaction.
The modified immunoreactive score of Remmele and Stanger (IRS)
method described by Kaemmerer et al. [26], was used as follows. A
score between 0 and 4 was assigned according to the percentage of
positive cells (0 =no positive cells, 1< 10% positive cells,
2 = 10-50% positive cells, 3 = 51-80% positive cells, 4 = 80% posi-
tive cells). This score was then multiplied by a number between 0 and 3,
representing the intensity of staining (0 = no color reaction, 1 = mild
reaction, 2 = moderate reaction, 3 = intense reaction). The product of
the two numbers was classified as follows: 0-1 = negative reaction;
2-3 = positive, weak reaction; 4-8 = positive, moderate reaction;
9-12 = positive, strong reaction.

2.3. Statistical analysis

The Shapiro-Wilk test was used to check for normalcy of data.
Correlations between both SSTR2A and SSTR5 expression and patient
age, tumor size, tumor grade, Her2, ER and PR respectively were cal-
culated using the Spearman method. Bonferroni correction was applied,
and a p < 0.05 was considered statistically significant. All statistical
calculations were performed using the R environment [27].

3. Results

Data collected for each patient are shown in Table 2. The mean
patient age was 66.6 + 14 years (range: 28-86 years), and all were
female. Mean tumor diameter was 26.5 * 16.3 mm (range: 7-87 mm).
Twenty-four cases (77%) were grade 2, three cases (10%) were grade 1
and 4 cases (13%) were grade 3 cancers. Luminal A tumors constituted
35% of cases, while 55% were luminal B. Among these, 3 cases (10%)
were Her2/neu positive. Two cases (6%) were triple negative, and one
case (3%) showed a non-Luminal Her2/neu negative phenotype.

SSTR2A and SSTR5 IHC results are summarized in Table 3. The total
percentage of cases showing a positive membrane IHC reaction was
71% for both SSTR2A and SSTR5. Partial weak cytoplasmic staining
was also observed, but not considered positive. No nuclear staining was
observed in any case. Fig. 1 shows examples of positive reactions with
different staining intensities.

Five cases (16.1%) were negative for both SSTR2A and SSTRS5,
among which three cases were Luminal A, one case was Luminal B Her2
negative and one case was negative for both ER and Her2 (triple ne-
gative).

After application of the Bonferroni correction, no statistically sig-
nificant correlations were observed between SSTR receptor expression,
patient age and tumor characteristics (tumor grade, size, ER expression,
PR expression, Her2 expression, and Ki-67 proliferation index).

4. Discussion

The present study is the first to investigate the expression of SSTR2A
and SSTR5 in primary NEBC. Our data show that SSTR2A and SSTR5
are expressed in the majority (71%) of NEBC in our series. These results
are in line with previously published studies of SSTR expression in
breast carcinomas of NST [18,19] and NETs of other primary sites
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Table 2
Patient characteristics and results.
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Case  Age  Tumor grade  Tumor size (mm)  ER PR Ki67  Her2/neu  St. Gallen subtype SSTR-2 IRS  SSTR-2 class  SSTR-5 IRS SSTR-5 class
1 51 1 12 100 90 7 0 Luminal A 9 Strong 0 Negative
2 30 2 30 0 0 30 0 Her2+ non luminal 1 Weak 3 Weak

3 86 2 10 100 90 35 0 Luminal B Her2 — 2 Weak 2 Weak

4 63 2 22 100 100 27 0  Luminal B Her2— 6  Moderate 3 Weak

5 60 3 48 80 0 20 0  Luminal B Her2— 0  Negative 2 Weak

6 62 2 16 100 0 7 1+ Luminal A 0  Negative 2 Weak

7 57 2 15 100 0 12 0  Luminal A 2 Weak 4 Moderate
8 59 2 23 0 0 80 0 Triple negative 0 Negative 0 Negative
9 68 2 23 100 70 20 1+ Luminal B Her2 — 0  Negative 1 Weak

10 75 2 33 100 100 14 0  Luminal A 4 Moderate 4 Moderate
11 28 2 20 100 100 28 1+ Luminal B Her2 — 1 Weak 2 Weak

12 80 2 21 100 40 21 0 Luminal B Her2 — 2 Weak 4 Moderate
13 79 2 25 80 70 9 0 Luminal A 0 Negative 0 Negative
14 61 3 87 0 0 80 0 Triple negative 6 Moderate 0 Weak

15 76 2 25 100 100 30 0  Luminal A 9  Strong 2 Weak

16 79 3 11 100 0 18 0  Luminal B Her2— 9  Strong 2 Weak

17 80 2 33 100 0 17 1+ Luminal A 2 Weak 2 Weak

18 80 2 16 100 0 36 3+ Luminal B Her2 + 1 Weak 6  Moderate
19 62 2 22 100 100 23 1+ Luminal B Her2 — 6 Moderate 1 Weak

20 67 2 9 100 0 9 1+ Luminal A 1 Weak 1 Weak

21 67 1 14 100 100 18 0  Luminal A 6  Moderate 6  Moderate
22 54 3 18 100 100 68 1+ Luminal B Her2 — 9  Strong 4  Weak

23 75 2 55 100 100 22 2+ Luminal B Her2 + 2 Weak 2 Weak

24 75 1 7 100 15 21 0  Luminal B Her2— 0  Negative 4 Moderate
25 78 2 45 40 40 25 0 Luminal B Her2 — 1 Weak 1 Weak

26 84 2 18 95 100 20 0 Luminal B Her2 — 0 Negative 0 Negative
27 70 2 40 50 50 25 0  Luminal B Her2— 3 Weak 0  Negative
28 51 2 30 80 0 25 0 Luminal B Her2 — 9 Strong 0 Negative
29 78 2 25 50 20 2 0 Luminal A 0 Negative 0 Negative
30 66 2 27 100 100 16 0 Luminal A 0 Negative 0 Negative
31 65 2 40 920 60 14 0 Luminal B Her2 + 6 Moderate 0 Negative

ER: estrogen receptors; PR: progesterone receptors; HER2/neu: human epidermal growth factor receptor 2; SSTR: somatostatin receptor; IRS: immunoreactivity score

of Remmele and Stanger.

Table 3
Results of SSTR2A and SSTR5 immunohistochemistry.
IRS class SSTR2A (n) % SSTRS (n) %
Negative 9 29.0 9 29.0
Positive, weak 11 35.5 16 51.6
Positive, moderate 6 19.4 6 19.4
Positive, strong 5 16.1 0 0.0
Total n 31 100 31 100

SSTR: somatostatin receptor; IRS: immunoreactivity score of Remmele and
Stanger.

[13,14,26,28]. The modified IRS score, used in the present study, was
developed by Kaemmerer et al. [26]. It is based on the immunoreactive
score of Remmele and Stanger, developed in 1987 for the quantification
of estrogen receptor positivity in breast cancer [29]. We found it an
easy to use method that could be a useful tool for quantifying SSTR IHC
expression in a routine clinical setting.

Kumar et al. [18] correlated SSTR1-5 mRNA expression with im-
munocytochemical SSTR1-5 protein expression in NST breast carci-
nomas and found significant positive correlations. SSTR1-5 mRNAs
were expressed in 91% (SSTR1), 98% (SSTR2), 96% (SSTR3), 76%
(SSTR4), and 54% (SSTR5). Using IHC, they found cytoplasmic and
membrane distribution of SSTR2 and SSTR5. A heterogeneous expres-
sion pattern of different SSTRs seems to be the case for NST breast
carcinomas as a group, with SSTR2 being the most consistently ex-
pressed. The different staining intensity of SSTR2A and SSTR5 in our
data supports the view that this is also the case in NEBC.

Frati and colleagues [19] performed tissue microarray analysis
using SSTR2A and SSTR4 IHC in NST breast carcinomas. They also
showed membranous distribution in cancer cells, with SSTR2A being
expressed in 21% of cases. This lower positivity was explained by the
authors as being due to the relatively young cohort and increased
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proportion of receptor negative and Her2 positive carcinomas.

Both the Kumar and Frati studies showed a positive correlation
between SSTR2A expression and ER and PR levels. Whether a lack of
such a correlation in our data is a matter of different cancer biology
between breast carcinomas NST and NEBC or a lack of statistical power
in our study remains to be further tested by a larger series.

By IHC characteristics, NEBC tend mostly to fall in the category of
luminal breast cancers, with luminal A and B having more or less equal
distribution [4,9]. We found 55% of cases to be of Luminal B subtype, of
which most were Her2 negative and only 3 were Her2 positive. This is
in line with previously published data. In one series of NEBC detected
by IHC positivity to NE markers, Bogina et al. [4] found 65/128 cases to
be ER+ /Her2 — /Ki67 > 14% while 9/128 as ER+ /Her2+, giving a
total of 74/128 (57%) as Luminal B subtype. In their series, Lavigne
et al. [9] reported 51% of their cases as Luminal A, while the rest were
Luminal B.

SSTRs are targets for biological therapy in NETs. Somatostatin
analogues, such as octreotide and lanreotide, have an antiproliferative
effect in systemic NETs, leading to mass shrinkage and an increase in
progression-free survival [11]. Partly because of their disease stabi-
lizing effect, somatostatin analogues are recommended by international
guidelines for the therapy of well differentiated, grade 1 and 2 carci-
noid tumors [30]. Another therapeutic approach in systemic NETs uses
peptide receptor radionuclide therapy (PRRT), which consists of a
radiolabeled somatostatin analogue. Using this technique radiotherapy
can be administered selectively to cancer cells expressing SSTRs. Both
systemic and local embolization methods are employed, with evidence
of increased progression-free survival [31,32]. These studies however
have not demonstrated an increase in overall survival.

Similarly to other NET sites, SSTRs in primary NEBC could be a
potential therapeutic target, and antiproliferative therapies, such as
somatostatin analogues similar to those employed in neuroendocrine



R. Terlevic et al.

Annals of Diagnostic Pathology 38 (2019) 62-66

Fig. 1. Example of case of neuroendocrine breast carcinoma on hematoxylin and eosin staining (A, 200 X magnification), positive, weak IHC reaction to SSTR2A (B,
400 x magnification), positive, moderate reaction to SSTR2A (C, 400 x magnification) and positive, strong reaction to SSTR2A (D, 400 x magnification).

digestive tract tumors [11,30] could be added to existing regimens as
first line treatment. Previous trials of somatostatin analogues in sys-
temic NST breast cancer [22,33] have generally shown poor results.
This failure could be partly attributed to a lack of SSTR status evalua-
tion prior to beginning of therapy [34], as well as conservative dosage
employed, and advanced disease [22]. In our study, 16% of cases were
negative for SSTR2A and SSTR5 and studies of NET in other sites have
shown similar results. Given the relatively high proportion of SSTR
negative cancers, future studies should measure IHC SSTR status prior
to commencing SSTR analogue therapy, in order to increase the like-
lihood of therapeutic success.

The PRRT approach could potentially be employed in SSTR positive
advanced and/or metastatic NEBC. In a case report Savelli et al. used
PRRT in a case of systemic NEBC as third line therapy, and showed a
significant shrinkage of metastatic liver masses [35].

In conclusion, we have shown a consistent IHC expression of
SSTR2A and SSTR5 in our cohort of primary NEBC. In the future, a
broader diagnostic and clinical effort is necessary to scrutinize the po-
tential diagnostic and therapeutic role of somatostatin receptors in the
treatment of NEBC.
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