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ABSTRACT

Introduction Invasive breast cancer with neuroendocrine dif-
ferentiation is a rare subtype of breast malignancy. Due to fre-
quent changes in the definition of these lesions, the correct
diagnosis, estimation of exact prevalence, and clinical behav-
iour of this entity may be challenging. The aim of this study
was to evaluate the prevalence, clinical features, and out-
comes in a large cohort of patients with breast cancer with
neuroendocrine differentiation.

Patients Twenty-seven cases of breast cancer with neuroen-
docrine differentiation have been included in this analysis.
Twenty-one cases were identified by systematic immunohis-
tochemical re-evaluation of 465 breast cancer specimens us-
ing the neuroendocrine markers chromogranin A and synap-
tophysin, resulting in a prevalence of 4.5%. A further six cases
were identified by a review of clinical records.

Results Median age at the time of diagnosis was 61 years.
70% of patients had T2-4 tumors and 37 % were node-posi-
tive. The most common immunohistochemical subtype was
HR-positive/ HER2-negative (85%). 93% were positive for syn-
aptophysin and 48 % for chromogranin A. Somatostatin recep-
tor type 2A status was positive in 12 of 24 analyzed tumors
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(50%). Neuroendocrine-specific treatment with somatostatin
analogues was administered in two patients. The 5-year sur-
vival rate was 70 %.

Conclusions Breast cancer with neuroendocrine differentia-
tion is mostly HR-positive/ HER2-negative and the diagnosis is
made at a higher TNM stage than in patients with convention-
al invasive breast carcinoma. Moreover, breast cancer with
neuroendocrine differentiation was found to be associated
with impaired prognosis in several retrospective trials. Due to
somatostatin receptor 2A expression, somatostatin receptor-
based imaging can be used and somatostatin receptor-tar-
geted therapy can be offered in selected cases.

ZUSAMMENFASSUNG

Einleitung Invasives Mammakarzinom mit neuroendokriner
Differenzierung ist eine seltene Unterart von Brustkrebs. Da
die Definition dieser Ldsionen hdufig gedandert wurde, kann
eine korrekte Diagnose sowie eine richtige Einschatzung der
genauen Prdvalenz und des klinischen Verhaltens dieser Enti-
tat Schwierigkeiten bereiten. Ziel dieser Studie war es, die Pra-
valenz, die klinischen Merkmale und das Outcome in einem
groBen Patientenkollektiv von Frauen mit Mammakarzinom
und neuroendokriner Differenzierung zu evaluieren.

Patientinnen Die Daten von 27 Patientinnen mit Brustkrebs
mit neuroendokriner Differenzierung wurden in diese Analyse
aufgenommen. 21 Félle wurden durch eine systematische im-

munohistochemische Reevaluierung von 465 Brustkrebspro-
ben mit Verwendung der neuroendokrinen Basismarker Chro-
mogranin A und Synaptophysin identifiziert, was einer Préva-
lenz von 4,5% entspricht. Sechs weitere Félle wurden durch
eine Uberpriifung der klinischen Krankenakten indentifiziert.
Ergebnisse Das durchschnittliche Alter zum Zeitpunkt der
Diagnose betrug 61 Jahre. 70% der Patientinnen hatten T2-
4 Tumoren, und 37% hatten positive Lymphknotenbefunde.
Die haufigste immunohistochemische Unterart war HR-posi-
tiv/HER2-negativ (85%). 93% waren fiir Synaptophysin und
48% fiir Chromogranin A positiv. Der Somatostatin-Rezeptor-
2A-Status war in 12 von 24 analysierten Tumoren positiv
(50%). Zwei Patientinnen erhielten eine neuroendokrin-spezi-
fische Therapie mit Somatostatin-Analoga. Die 5-Jahres-Uber-
lebensrate betrug 70 %.

Schlussfolgerungen Brustkrebs mit neuroendokriner Diffe-
renzierung ist meist HR-positiv/HER2-negativ, und die Diag-
nose wird meist in einem hoheren TNM-Stadium gestellt als
bei Patientinnen mit herkémmlichem invasiven Mammakarzi-
nom. Dariiber hinaus war der Brustkrebs mit neuroendokriner
Differenzierung in mehreren retrospektiven Studien mit einer
schlechten Prognose assoziiert. Im Falle eines positiven
SSTR2A-Status kann eine Somatostatin-Rezeptor-basierte
Bildgebung eingesetzt werden, und in ausgewahlten Fallen
eine zielgerichtete Therapie mit Somatostatinanaloga ange-
boten werden.

Abbreviations

BC-NE breast cancer with neuroendocrine differentiation
BC-NST  breast cancer no special type
LCNEC large cell neuroendocrine cancer

NE neuroendocrine

NET neuroendocrine tumor
NEN neuroendocrine neoplasia
SCNEC small cell neuroendocrine cancer

SSA somatostatin analogues
SSTR somatostatin receptor

Background

Primary neuroendocrine neoplasia (NEN) of the breast is a rare
subtype of breast cancer (BC) representing <1% of all NENs,
which occur most commonly in the gastrointestinal tract and the
lung [1,2]. The prevalence of neuroendocrine differentiation
among BC patients varies between 0.1 and 20% in the literature,
with the World Health Organization (WHO) reporting a preva-
lence of up to 5% of BC cases [3]. This discrepancy is due to the
fact that the diagnostic criteria and definition of this heteroge-
neous group of lesions have frequently changed in the last two
decades, and neuroendocrine immunohistochemical markers are
not routinely used in BC diagnostics [4]. The previous and current
WHO classification of NEN of the breast are shown in » Table 1.
Neuroendocrine differentiation in BC was first described by
Feyrter and Hartmann in 1963; this was followed by a series of

eight patients with “primary carcinoid tumor of the breast” re-
ported by Cubilla and Woodruff in 1977 [5, 6]. Since then, many
authors have tried to describe and characterize this heterogeneous
entity until in 2000, Sapino et al. proposed a definition for NEN of
the breast as a subset of tumors with specific morphological fea-
tures and expression of the neuroendocrine markers chromogra-
nin and/or synaptophysin in more than 50% of tumor cells [7]. This
definition was later adopted by the WHO classification of NEN of
the breast introduced in 2003 and last modified in 2019 [8 - 10].

While earlier classifications included a category comprising a
subset of BC (no special or special type, e.g., mucinous, papillary
etc.) with neuroendocrine differentiation as determined by mor-
phological and immunohistochemical analysis, the latest version
excludes BC-NE from the NEN group altogether (> Table 1).
Through these changes, the WHO has attempted to develop a
uniform classification framework for NENs at different anatomical
sites to provide pathologists and clinicians with a consistent man-
agement strategy for NEN patients, since neuroendocrine differ-
entiation in BC, with the exception of small cell carcinoma, is as-
sumed to have no therapeutic significance [3].

However, there are certain diagnostic and therapeutic aspects
of BC-NE that should be acknowledged, even if current guidelines
recommend treatment based on the general principles of breast
cancer therapy. The aims of this retrospective study were:

1. to analyze the clinical features and treatment strategies of

BC-NE,

2. to assess the prognostic impact of BC-NE, and
3. to compare our results to previously published studies.
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» Table 1 Different classifications of NEN of the breast in the last two decades.

WHO 2003 [8] WHO 2012 [9] WHO 2019 [10]
Solid neuroendocrine carcinoma Well differentiated neuroendocrine Neuroendocrine tumor (NET)
(NEC)* tumor (WD-NET)? « grade 1

= grade 2

Invasive breast carcinoma with
neuroendocrine differentiation™*

= special type

= no special type
Large cell neuroendocrine carcinoma
(LCNEC)!

Small cell/oat cell carcinoma (SCNEC)'

carcinoma'

Poorly differentiated neuroendocrine
carcinoma (PD-NEC)/small cell

Invasive breast cancer with neuroendocrine differentiation
overridden by morphological tumor type should not be classi-
fied as a true neuroendocrine neoplasia but as a morphological
subtype (e.g., NST, mucinous, papillary) with neuroendocrine
differentiation

Large cell neuroendocrine carcinoma’ (LCNEC)

Small cell neuroendocrine carcinoma’' (SCNEC)

* Expression of neuroendocrine markers > 50% (particularly chromogranin A and/or synaptophysin), ** no threshold for the expression of the neuro-
endocrine markers, " analogous to small-cell or large-cell lung cancer, 2 low grade tumors morphologically similar to carcinoid tumors of other sites.

NST: no special type.

Materials and Methods

Patient material

A total of 27 patients with BC-NE treated at the Department of
Obstetrics and Gynecology of the University of Duesseldorf, Ger-
many, between 2002 and 2013 were included in this analysis. Sur-
gically excised breast specimens from 465 BC patients treated be-
tween 2002 and 2006 were systematically re-evaluated in terms
of neuroendocrine differentiation. Moreover, a review of the clini-
cal records of BC patients treated at our department between
2007 and 2013 was performed to identify further BC-NE patients.
Inclusion criteria were: primary breast cancer with neuroendo-
crine differentiation (T1-T4, NO-3, MO/M1) (TNM, 8th edition
2017) defined as >50% positivity for the immunohistochemical
neuroendocrine markers chromogranin A and/or synaptophysin
according to the NEN definition from 2003 (» Table 1). Exclusion
criteria were the following entities: poorly differentiated large or
small cell neuroendocrine carcinoma and well differentiated neu-
roendocrine tumor (NET, G1). The flow chart showing patient se-
lection for our analysis is presented in » Fig. 1. The study was ap-
proved by the local Ethical Committee of the Heinrich Heine Uni-
versity of Duesseldorf (Study number 4524).

Immunohistochemistry staining

Tissue sections (2 um) were deparaffinized and rehydrated. En-
dogenous peroxidase activity was blocked with 0.3% hydrogen
peroxide. Blocking non-specific protein-binding sites, normal
mouse serum was applied. Neuroendocrine markers were de-
tected with specific monoclonal mouse antibodies for synapto-
physin (NCL-L-Synap 299, Novocastra, Berlin, Germany) and chro-
mogranin A (MAB 5268, Chemikon, Schwalbach, Germany) at a
dilution of 1:100 and 1:1000, respectively. Immunostaining was
performed with anti-mouse 1gG and Vectastain ABC, followed by
chromogen detection. Finally, the slides were counterstained with
hematoxylin and mounted for examination. SSTR 2A status was

465 BC patients treated at the Department of Obstetrics and
Gynecology, University of Diisseldorf, between 2002 and 2006
(retrospective systematic SYN and CgA IHC staining)

21 patients (4.5%) with BC-NE
(SYN and/or CgA expression

>50% of tumor cells)

6 BC-NE patients identified via
study of clinical records of
BC patients treated at the

Department of Obstetrics and
Gynecology, University of

Diisseldorf, between 2007 and

2013 and reevaluated by the
local pathologist

A 4

v
27 patients with BC-NE included
in the analysis (SYN and/or CgA
expression >50% of tumor cells)

» Fig. 1 Flow chart of the selection process. Abbreviations: SYN:
synaptophysin, CgA: chromogranin A, BC-NE: invasive breast cancer
with neuroendocrine differentiation, IHC: immunohistochemistry.

determined with monoclonal rabbit antibody (UMB1, Abcam,
Cambridge, UK) at a dilution of 1:50. Membranous staining was
scored as: 0: no staining; 1: weak staining (< 10%); 2+: moderate
staining (10-80%); and 3+: strong staining (> 80% tumor cells).

Statistical analysis

Statistical analysis was performed using SPSS (version 25). Surviv-
al intervals were measured from the time of diagnosis until death
or the first clinical, radiological or pathological diagnosis of re-
lapse, whichever occurred first. Relapse was defined as either local
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» Table 2 Clinicopathological features and administered therapy

in the study cohort.

Total

Age at diagnosis

= <50

= 50-69

= 270
Menopausal status
= Premenopausal
= Postmenopausal

Stage at diagnosis

= Unknown
Tumor stage

= T1

= T2

- T34

= Unknown
Tumor focality

= Unifocal

= Multifocal

= Unknown
DCIS component
= Yes

= No

Nodal status

= Negative

= Positive

= Unknown
Lymphatic vessel infiltration
= L0

= L1

= Unknown
Original histology
= NST

= Lobular

= NST/lobular

= Mucinous

= NET*
Grading

|l

= Il

Krawczyk N et al. Invasive Breast Carcinoma...

n (%)
27 (100)

4(15)
13 (48)
10(37)

» Table 2 Clinicopathological features and administered therapy
in the study cohort. (Continued)

n (%)
Ki-67 index
« <15 6(22)
= 15-29 8(30)
« 230 11(41)
= Unknown 2(7)
IHC subtype
= HR+/HER2- 23(85)
= HR+/HER2+ 2(7)
= HR-/HER2+ 0(0)
= TNBC 2(7)
SSTR-based imaging performed
= Yes 5(19)
= No 22(81)
Surgical procedure
= Mastectomy 14 (52)
= Breast-conserving surgery 11(41)
= None 2(7)
AT-based Chemotherapy
= Yes 14 (52)
= No 13 (48)
Endocrine therapy
= Yes 24.(89)
= No 3(11)
NE-specific therapy
= Yes 2(7)
= No 25(93)

* Initially diagnosed as NET G2. TNBC: triple negative breast cancer, BCS:
breast conserving surgery, NE: neuroendocrine, SSTR: somatostatin re-
ceptor, AT: anthracycline-taxane. Numbers in parentheses are percen-
tages and do not add to 100 in some instances owing to rounding.

recurrence or distant metastasis. Survival was calculated using the
Kaplan-Meier method. Primarily metastatic patients were ex-
cluded from the disease-free survival (DFS) analysis.

Results

Patients’ characteristics

Clinical data from 27 patients with BC-NE were eligible for this
study. Twenty-one of these patients were identified by a system-
atic immunohistochemical re-evaluation of 465 breast surgical
specimens with regard to NE differentiation, resulting in a preva-
lence of 4.5%. A further six patients were identified through an
analysis of the clinical records of BC patients treated between
2007 and 2013 and subsequent histological re-evaluation
(» Fig. 1). Clinical features of the study cohort are presented in
» Table 2. The median age at the time of diagnosis was 61 years
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» Fig. 2 Histopathology and expression of general neuroendocrine marker proteins in two different breast carcinomas with neuroendocrine dif-
ferentiation. a, d Hematoxylin and eosin (H.E.) staining demonstrates a solid growth pattern and complete lack of tubular architecture in both
carcinomas. Cytology of the tumor cells in a show an NST-like pattern, while cytology of the tumor cells in d is highly suggestive for a neuroendo-
crine phenotype. b, e Expression of the pan-neuroendocrine marker synaptophysin (SYN) in more than 50% of tumor cells in b and in 100% of
tumor cellsin e. ¢, f Expression of the large dense core neuroendocrine vesicle marker chromogranin A (CgA) in more than 50% of tumor cells in c,

while tumor cells in f are positive in a minor subpopulation.

(range 38-84 years) and 22 out of 27 patients (82%) were post-
menopausal. Nineteen patients (70%) had T2-4 tumors and 10
(37%) were node-positive with lymphatic vessel infiltration (L1)
detected in 8 out of 27 cases (30%). The most common immuno-
histochemical tumor subtype was HR-positive/HER2-negative, di-
agnosed in 23 patients (85%), followed by HR-positive/HER2-pos-
itive and triple-negative BC in two patients each (7 %). Thirteen tu-
mors (48 %) were positive for chromogranin A (CgA) and 25 (93 %)
were positive for synaptophysin (Syn), whereas 12 tumors (44 %)
expressed both markers in >50% of tumor cells (» Fig. 2, Table
3). Somatostatin receptor type 2A (SSTR 2A) was analyzed in
24 tumors and of which 12 (50%) showed a SSTR 2A-positive sta-
tus (» Fig. 3, Table 3). None of the patients in our cohort present-

ed with specific clinical symptoms due to neuroendocrine tumor
differentiation.

Clinical diagnosis and treatment

Standard thoracic and abdominal imaging (CT scan or ultrasound
and X-ray according to the current recommendations and internal
standards) as well as bone scans were performed in all patients at
the time of diagnosis to exclude metastatic disease. Additional
SSTR-based neuroendocrine imaging (octreoscan or %8Ga-DOTA-
TOC PET/CT) was performed in five patients with known neuroen-
docrine differentiation of BC at the time of the diagnosis and a
SSTR-positive score. Two primary metastatic patients received an
octreotide scan to confirm the NE differentiation of the metastatic
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» Fig. 3 Expression of the nuclear transcription factor GATA and the somatostatin receptor 2A in breast carcinoma with neuroendocrine differen-
tiation. a Hematoxylin and eosin (H.E.) staining reveals a solid growth pattern, complete lack of tubular architecture and a cytology highly sug-
gestive of neuroendocrine differentiation. b Expression of the pan-neuroendocrine marker synaptophysin (SYN) in approximately all tumor cells.
c Nuclear expression of the breast-specific transcription factor GATA in the majority of tumor cells. d Circular membranous staining for the so-
matostatin receptor type 2A (SSTR 2) in a major subpopulation of tumor cells.

sites. In one patient with diffuse NE bone marrow infiltration and
disease progress after chemotherapy with epirubicin weekly and
endocrine therapy with fulvestrant, the octreotide scan was per-
formed in order to evaluate the possibility of SSTR-specific radio-
nuclide therapy. This therapy was not administered as the pa-
tient’s condition worsened rapidly. In another primary metastatic
patient (bones, lung), NE differentiation of the metastatic sites
was confirmed and SSTR-targeted therapy with lanreotide was
successfully administered for several months. Further octreotide
scans and 68Ga-DOTATOC PET/CT were performed during fol-
low-up in this patient to assess therapy response. Three other pa-
tients with unclear findings on conventional radiologic imaging
received an octreotide scan to exclude metastatic lesions with NE
differentiation.

Fourteen patients (52 %) received a mastectomy, while breast
conserving surgery was performed in 11 patients (41%). Two pa-
tients had no surgical procedure, one because of stage IV disease
at the time of diagnosis and one due to her poor general condition
(advanced cardiovascular disease). Fourteen patients (52%) were
treated with chemotherapy (5 patients received anthracyclines,
2 patients were given taxanes, 7 patients had anthracyclines +
taxanes) and 24 (90%) with endocrine therapy. Neuroendocrine-
specific treatment with somatostatin analogues was administered
in two patients, one diagnosed in stage IV and one diagnosed in
stage Il. The first patient with stage IV disease and metastases of

the bone and lung (T3 NO M1, G2, Ki-67 25%, HR+/HER2-, SSTR
2 +70%) received endocrine therapy in combination with lanreo-
tide (120 mg s.c. q4w) after 6 doses of paclitaxel weekly 80 mg/
m? and achieved complete radiological remission with no evi-
dence of disease at the follow-up of 66 months. At least 60 cycles
of lanreotide were administered in combination with endocrine
therapy until the last documented follow-up. No SSTR-analogue-
specific side effects which altered the therapy regimen were re-
ported. The other patient received the somatostatin analogue oc-
treotide (2% 50 g s.c. per day) in stage Il (T2N1 MO0, G2, Ki-67
5%, HR+[HER2+, SSTR 2+), after standard therapy was considered
unsuitable due to the patient’s poor general condition (cirrhosis of
the liver (Child’s C), thrombocytopenia). Octreotide treatment
was administered for 3 months, however this patient died
5 months after diagnosis (no details regarding the exact cause of
death or further symptoms and side effects available). » Table 4
shows the systemic treatment of study patients according to tu-
mor stage and receptor status.

Survival analysis

Follow-up data were available for 26 out of 27 patients. The me-
dian follow-up was 63 months (range: 11-170 months). Nine pa-
tients died during follow-up and five of 22 initially non-metastatic
and RO operated patients were diagnosed with recurrence (local
recurrence and/or distant metastasis). The mean overall survival

Krawczyk N et al. Invasive Breast Carcinoma... Geburtsh Frauenheilk 2022; 82: 68-84 | © 2021. The author(s). 73



% Thieme

Overall survival

1.0+

0.8

0.6

Probability
Probability

0.4

0.2

T T T
0 50 100 150 200

Time (months)

» Fig. 4 Kaplan-Meier survival curves of BC-NE patients.

» Table 3 Neuroendocrine-specific immunochemistry findings.

Marker[receptor n (%)
Total n (%) 27 (100)
Chromogranin A

= >50% of tumor cells positive 13 (48)
= 1-50 of tumor cells positive 4(15)
= Negative 10(37)
Synaptophysin positivity

= >50% of tumor cells positive 25 (93)
= 1-50 of tumor cells positive 2(7)

= Negative 0(0)
CgA and Syn in >50% of tumor cells positive

= Yes 12 (44)
= No 15 (56)
SSTR 2A

= Negative 12 (44)
= Score 1 2(7)
= Score 2 7(26)
= Score 3 3(11)
= Not evaluated 3(11)

NE: neuroendocrine, CgA: chromogranine A, Syn: synaptophysin,
SSTR 2A: somatostatin receptor type 2A. Numbers in parentheses
are percentages and do not add to 100 in some instances owing to
rounding.

(0S) was 111 months (95% Cl: 82-140 months), the mean DFS
was 124 months (95% Cl: 90-157 months). The 5-year OS rate
was 70% (» Fig. 4).

Disease-free survival

1.0+

0.8

0.6

0.4+

0.2

T T T
0 50 100 150 200

Time (months)

For comparison, results from other studies published are sum-
marized in » Table 5. Only studies published after 2003 and in-
cluding at least 20 patients with NEN were considered.

Discussion

Although neuroendocrine differentiation in BC is a long-known
phenomenon, first described in 1963 [6], it was not until 2003
that NEN of the breast was defined by the WHO as a distinct sub-
type. Despite significant advances in the research and treatment
of early and metastatic breast cancer over the last decades [11-
15], the exact prevalence, clinical behaviour and effective therapy
standards for this subset of BC have not been well established so
far, possibly due to its low incidence and discrepant definitions.

All patients eligible for our analysis were diagnosed with a NEN
of the breast according to WHO 2003 criteria (Syn and/or CgA
>50%). Poorly differentiated large or small cell neuroendocrine
carcinoma and well differentiated neuroendocrine tumors (NET,
G1) were excluded from this study (> Table 1). Since the defini-
tion of NEN of the breast has changed twice in the last two dec-
ades, the majority of cases described in our study would be cur-
rently defined as BC-NE (WHO 2012) and thus, in line with the lat-
est NEN classification 2019, not be classified as a true NEN of the
breast (» Table 1). However, diffuse neuroendocrine differentia-
tion (Syn and/or CgA >50%) in BC has been shown to be associ-
ated with certain specific clinical features, and several published
studies on NEN of the breast report on these tumors as well
(» Table 5). In particular, the question whether neuroendocrine
differentiation in BC might have a diagnostic or therapeutic signif-
icance has not yet been sufficiently answered.

Here we report on a series of 27 cases of BC-NE and present
their clinicopathological characteristics, survival analysis as well
as NE-specific diagnostic and therapeutic aspects and compare it
with other published studies on NEN of the breast.
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> Table 4 Systemic treatment of study patients according to tumor stage and receptor status.

PT Age TNM G ER PR HER2
1 61 T1NOMO 2 80% 80% pos.*
2 46 TANTMT** 2 80% 40% neg.
3 73 T2NO MO 2 80% 30% neg.
4 74 T2 N1 MO 2 40% 15% neg.
5 84 T2NO MO 2 90% 90% neg.
6 62 T3NOM1 2 80% 90% neg.
7 53 T2N1 MO 3 80% 0 neg.
8 72 TxNxMO™* 2 90% 90% neg.
9 51 T1NOMO 2 50% 80% neg.

10 50 T2NO MO 2 80% 90% neg.

11 42 T2N3 MO 2 90% 90% neg.

12 38 T2NO MO 3 0 0 neg.

13 53 T2N3 M1 2 0 0 neg.

14 81 T4 Nx MO 2 90% 60% neg.

15 80 T2N3 MO 2 80% 10% neg.

16 70 T1 NOMO 2 80% 80% neg.

17 56 T2NOMO 2 80% 80% neg.

18 48 T1NOMO 2 90% 90% neg.

19 62 T2N1MO 2 80% 20% neg.

20 84 T2NOMO 3 90% 0 neg.

21 72 T1NOMO 2 80% 80% neg.

22 56 TINTMO 2 90% 90% neg.

23 51 T2N1MO 2 80% 30% neg.

24 60 T1NOMO 2 90% 90% neg.

25 81 T2NOMO 2 50% <10% neg.

26 56 T2NOMO 2 100% 10% neg.

27 69 T2N1MO 2 90% 90% pos.”

SSTR 2A cT ET SSTR therapy

score (%)

2 (60) No Al No

1(<10) 7xEqlw Ful No

0 No Al No

0 3xPacqlw Al No

2(60) No Al No

3(90) 6 xPacqlw Al Lanreotide
120 mg g4w

1(<10) 3xFEC-3xDOC Al No

2(70) No Al No

0 No Al No

3(90) 6 x FEC q3w Tam No

0 3xA-3xC-3xPacq2w  Tam+GnRH No

0 6 X FEC q3w No No

n.d. 4xEC-4xDOC No No

3(90) No Al No

0 no Al No

0 No Tam No

2 (60) 4xECq3w Tam-Al No

n.d. 6 x FEC q3w Tam No

0 3 x;FEC -3 xDOC q3w Al No

0 No Al No

2(30) No Tam-Al No

0 3XFEC-3xDOCq3w Tam-Al No

0 3xFEC-3xDOCq3w Tam/Al No

n.d. No Tam/Al No

0 No Tam No

2(30) 3 xFEC-3xDOCqg3w Tam/Al No

2(70) No No Octreotide
50 g 2/d

PT: patient, G: grading, ER: estrogen receptor, PR: progesterone receptor, SSTR 2A: somatostatin receptor type 2A, CT: chemotherapy, ET: endocrine therapy,
Al: aromatase inhibitors, Ful: fulvestrant, E: epirubicin, Pac: paclitaxel, F: fluorouracil, C: cyclophosphamide, DOC: docetaxel, A: doxorubicin, d: day, n.d.: not
done, q1w: weekly, g2w: every two weeks, 3w every three weeks, * no anti-HER2 therapy administered (PT 1 diagnosed in 2002, PT 27 not-suitable due to
cirrhosis of the liver), ** no primary surgery performed (PT 2: stage IV with malignant bone marrow infiltration, PT 8: not suitable due to advanced cardio-

vascular disease).

Since some patients were identified through clinical records re-
view and others through retrospective staining of neuroendocrine
markers, we can only report on the actual prevalence in the collec-
tive of 465 patients. With 21 cases identified by a systematic mor-
phological and immunohistochemical re-evaluation, we estab-
lished a BC-NE prevalence to be 4.5%, which is in line with the 2-
5% estimated by the WHO [16]. However, the prevalence of neu-
roendocrine differentiation in the published studies varies from
less than 0.1% [17] to over 20% [18] (» Table 5). This is due to
the variable diagnostic criteria on the one hand and the NEN iden-
tification process used in published trials on the other. Analyses
that implement the 50% threshold for Syn or CgA according to
the WHO 2003 definition generally report lower a NEN prevalence

Krawczyk N et al. Invasive Breast Carcinoma...

comparing to those meeting WHO 2012 criteria without a thresh-
old and/or using further neuroendocrine markers such as NSE or
CD56 for NEN diagnosis [18 -21] (> Table 5). Moreover, trials that
identify NEN cases via a review of clinical records or databases re-
port a generally lower and probably underestimated prevalence
compared to those which performed a systematic re-evaluation
of histology slides from BC patients, since neuroendocrine
markers are not routinely used in BC diagnosis [17,22-24].

The median age at initial diagnosis in our cohort was 61 years,
which is in accordance with the median age at diagnosis of breast
cancer of no special type without neuroendocrine differentiation
(BC-NST) [25]. No differences between NEN of the breast and
BC-NST in terms of age at diagnosis have been reported in other

Geburtsh Frauenheilk 2022; 82: 68-84 | © 2021. The author(s). 75
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case series [19,26,27]. However, several trials with large cohorts
reported NEN of the breast patients to be significantly older than
BC-NST patients [17,28-30], These discrepancies may also be
due to nonuniform diagnostic criteria used in published series:
most of the studies meeting WHO 2003 criteria report NEN of
the breast patients being significantly older than BC-NST patients
[17,28-30] (» Table 5).

The majority (60%) of patients in our cohort were diagnosed
with 2 T2 tumors, and 37% of our analysed patients had lymph
node metastases. This observation, i.e., NEN of the breast being
diagnosed at a higher TNM stage than BC-NST, has also been re-
ported by others. Wang et al. in their study of 142 NEN of the
breast patients showed that those tumors were significantly larg-
er, had higher stage disease and were significantly often node-
positive compared to control cohorts with BC-NST [17]. In the
study by Cloyd et al. of 284 patients, NEN of the breast was asso-
ciated with relatively more advanced disease than BC-NST [31]. In
their trial of 128 cases, Bogina et al. reported that NEN patients
presented with larger tumors than BC-NST patients but no differ-
ence regarding node status was observed [19]. In contrast, some,
mostly small series, reported similar TNM stages at diagnosis be-
tween BC with and without neuroendocrine differentiation [18,
26-28]. The proposed rationale for this phenomenon in NEN of
other locations is their low grading and therefore slow growth, re-
sulting in a lack of early symptoms. However, the association with
higher TNM stages has been also reported in NEN cohorts with
high rates of poorly differentiated tumors [17,31].

Similar to previous studies, the majority of patients (85%) in
our analysis presented with ER-positive HER2-negative tumors
(» Fig.5) [17,22,27,32]. Previously, neuroendocrine differentia-
tion has been shown to be significantly associated with positive
HR-status [19,26,30] and negative HER2-status [28, 29]. Most tu-
mors in our analysis were G2 tumors (78%) and Ki-67 was higher
than 30% in 11 of 27 patients (41%). Similarly, NEN patients in
other series were shown to have G2 tumors significantly more
often than patients with BC-NST [19, 28], whereas some studies
reported NEN being of a significantly higher histologic grade [17]
and others found no association between neuroendocrine differ-
entiation and grading [26,27]. These discrepancies may be due
to inconsistent NEN cohorts, since particular subtypes of NEN are
associated with certain pathological features. In the trial by Cloyd
et al., 45% NEN patients presented with poorly differentiated or
undifferentiated tumors. However, 26% of NEN analyzed were
SCNEC, well known for poor differentiation [33] and this entity
has been excluded from several studies on NEN of the breast, in-
cluding our analysis. In contrast, studies that analyzed primarily
mucinous NEN demonstrated that the majority of these patients
had well differentiated tumors [34,35]. As mentioned above, due
to different diagnostic criteria and the fact that specific subtypes
within NEN have not been reported in most analyses (e.g., solid
NEC vs. well differentiated NET vs. BC-NE vs. SCNEC/LCNEC), the
comparison and interpretation of published data is difficult
(» Tables 1 and 5).

The question whether neuroendocrine differentiation affects
the prognosis of BC patients remains a very much debated issue.
The 5-year OS rate of 70% in our cohort of patients with BC-NE is
lower than the OS in patients with BC-NST [25]. Although some

smaller studies reported similar [18,20,21,36] or even better
[32,37,38] outcomes for NEN compared to BC-NST patients, the
majority of published large series demonstrated an impaired
prognosis for NEN [17,19,26-30] and most of these studies do
not include any SCNEC cases, well known for having a very poor
outcome [19,26 -29]. The association with poor clinical outcome
was also present in multivariate analysis after adjusting for patho-
logical stage [17,26], histological grade, and ER and HER2 status
[19,26], showing that neuroendocrine differentiation is an inde-
pendent prognostic factor in BC.

Expression of somatostatin receptor (SSTR) in NEN of the
breast, similarly to NEN of other sites, is a long-known phenome-
non [39], potentially allowing SSTR-targeted tumor imaging and
treatment, even though it is not restricted to this subset of BC
[40]. Among them, SSTR 2A is a subtype most commonly ex-
pressed in BC [41] and able to mediate the antiproliferative effect
of somatostatin analogues (SSA) in the strongest manner [42].
However, the SSTR 2A positivity rate in BC-NE has, to the best of
our knowledge, only been analyzed in one study so far [43]. This
recently published retrospective analysis of 31 NEN cases re-
ported a SSTR 2A positivity rate of 71% [43]. In our series, SSTR
2A was evaluated in 24 patients and 12 of them (50%) were SSTR
2A-positive. Based on this, five patients received SSTR-based
imaging (octreoscan or ®8Ga-DOTATOC PET/CT) to confirm or ex-
clude metastatic disease at the time of diagnosis or to evaluate
therapy response over the course of disease. It is possible that
the number of patients receiving SSTR-based imaging would have
been much higher if neuroendocrine differentiation had been
identified at diagnosis and not, as was the case in the majority of
our BC-NE patients, retrospectively.

Beyond these specific diagnostic aspects, SSTR 2A can poten-
tially be targeted with SSA such as octreotide or lanreotide. These
substances, which have been a mainstay of antisecretory treat-
ment in functional NEN for a long time, were also shown to have
antiproliferative activity and to be associated with a clinical bene-
fitin some NEN patients [44]. In NEN of other sites, which is much
more common, this therapy is mainly being considered in well dif-
ferentiated NET (G1/2, Ki-67 <10%) [45]. Current recommenda-
tions for BC-NE therapy are based on general guidelines for breast
cancer, and poorly differentiated SCNEC (> Table 1) is the only en-
tity with specific recommendations (i.e., platinum/etoposide-
based chemotherapy similar to small cell lung cancer). However,
only a few case reports on the treatment of BC patients with this
regimen have been published so far [46,47]. Since this rare sub-
type of NEN of the breast known to have a very poor outcome
has been excluded from our analysis, all patients in our study were
treated with a standard anthracycline-taxane (AT)-based chemo-
therapy. In our series, two SSTR-positive BC-NE patients received
SSA in combination with endocrine therapy and one of these pa-
tients, initially diagnosed at stage IV with metastasis to lung and
bones, achieved complete remission showing no evidence of dis-
ease on radiological and SSTR-based imaging 66 months after the
first diagnosis. This patient exhibited strong SSTR 2A-expressing
BC-NE G2 with a Ki-67 of 25% and not a typical well differentiated
NET. Indeed, SSA therapy has been evaluated in BC-NST in the
past and showed response rates of up to 40% in a metastatic set-
ting in phase I-Il trials [48]. However, a phase Il study comparing
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» Fig. 5 Expression of receptors and proliferative activity in breast carcinoma with neuroendocrine differentiation. a Hematoxylin and eosin (H.E.)
staining, demonstrating a solid growth pattern, complete lack of tubular architecture and a cytology of tumor cells highly suggestive of a neuro-
endocrine phenotype. b Strong expression of the pan-neuroendocrine marker synaptophysin (SYN) in all tumor cells. ¢ Strong nuclear expression
of the estrogen receptor (ER) in >90% of tumor cells resulting in an ER score of 12 (scale 0-12). d Strong nuclear expression of the progesterone
receptor (PR) in >90% of tumor cells resulting in an ER score of 12 (scale 0-12). e Complete lack of HER2 expression corresponding to a score of 0
(scale 0-3). f Analysis of Ki-67 protein expression reveals a proliferative activity of approximately 15%.

endocrine therapy with or without octreotide in primary ER-posi-
tive BC did not show a benefit of SSA treatment in this setting
[49]. Nonetheless, none of these studies evaluated the SSTR sta-
tus of tumor tissue prior to SSA-based therapy. Here we demon-
strate that SSA therapy in SSTR 2A-positive BC-NE can be offered
as an individual treatment option to selected patients, e.g., as
combination therapy in a palliative setting or in the case of contra-
indications to the standard treatment. Since neuroendocrine dif-
ferentiation has been shown to be associated with impaired out-
comes in several retrospective trials, further studies are needed
to identify the most appropriate treatment strategy for this BC
subtype.
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Conclusion

Invasive breast cancer with neuroendocrine differentiation repre-
sents mostly HR-positive and HER2-negative disease and the diag-
nosis is made at a higher TNM stage than for BC-NST. Neuroendo-
crine differentiation in BC has been shown to be associated with
impaired prognosis in several retrospective trials. However, the
clinical impact of NE features in BC is still a very much debated is-
sue, since the diagnostic criteria of this entity differ in published
studies, making an estimation of clinical behavior difficult. Cur-
rent recommendations for BC-NE therapy are based on general
guidelines for breast cancer. Nevertheless, a significant number
of these cancers express SSTR 2A receptors, allowing SSTR-based
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imaging and potentially SSTR-targeted therapy in selected cases.
Moreover, platinum/etoposide-based chemotherapy may be an
alternative to the standard AT-based treatment in poorly differen-
tiated SCNEC of the breast.
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