
























































































Abstract. Background: Persistence of disseminated tumor cells
(DTCs) is observed in 10 to 15%  of breast cancer patients and
is associated with poor prognosis. These patients might benefit
from secondary adjuvant targeted therapy. The aim of this study
was to assess HER2 status of persistent DTCs to determine
whether the use of HER2-targeted agents might be a therapeutic
option in patients with tumor cell persistence. Patients and
Methods: Bone marrow was obtained from 85 primary breast
cancer patients intraoperatively and after completion of systemic
treatment (median follow-up of 13 months; range: 6-30 months).
Immunofluorescence double staining was used for identification
of cytokeratin-positive, HER2-positive cells. Results: A total of
31 out of 85 (36% ) patients had DTCs preoperatively. Out of 85
(16% ) patients, 14 were DTC positive after completion of
surgery and adjuvant cytotoxic therapy. Five of these patients had
HER2-positive DTCs, however, the corresponding tumor was
HER2 positive in only one case. The remaining nine patients
with HER2-negative DTCs had HER2-negative primary tumors.
Conclusion: HER2-positive DTCs can be detected in patients
with HER2-negative tumors, even after adjuvant therapy. Such
patients may benefit from (secondary) HER2-targeted therapy in
an adjuvant setting. 

Persistence of disseminated tumor cells (DTCs) in bone
marrow after completion of surgery and adjuvant
chemotherapy can be observed in 10 to 15%  of breast cancer
patients. As demonstrated by the European pooled analysis,
tumor cell persistence is associated with poor clinical

outcome (1). Therefore, the targeted elimination of these
cells might be a highly promising therapeutic strategy to
improve prognosis in these patients. While the accurate
nature of DTCs is still under research, attempts have been
made over the last decade to characterize these cells with
regard to both pheno- and genotype. 

Human epidermal growth factor receptor 2 (HER2), one of
the tyrosine kinase erb-B receptors, belongs to the most
relevant predictive factors in breast cancer (2). HER2-positive
tumors tend to be of a more aggressive biological behavior
(2). The clinical role of HER2 gained in importance after the
introduction of the anti-HER2 monoclonal antibody
trastuzumab and other novel anticancer agents such as
pertuzumab and lapatinib (3, 4). HER2 is overexpressed in 20
to 30%  of primary breast cancer patients and this group may
benefit from targeted therapy (5, 6). The indication for
molecular antibody therapy is based on HER2 overexpression
or gene amplification in the primary tumor. However, several
studies suggested that disseminated and circulating breast
cancer cells may acquire positive HER2 status independently
of the primary tumor and may become a potential target for a
molecular antibody therapy in an adjuvant or metastatic setting
(7-10). Abandonment of a targeted therapy in this patient
collective could thus result in unintentional undertreatment. 

The aims of our study were (a) to assess how many
patients have persistent DTCs after completion of adjuvant
therapy and (b) to evaluate the HER2 status of DTCs
themselves at the time of diagnosis and after the therapy to
determine whether trastuzumab and other molecular targeted
agents might be a therapeutic option for the elimination of
persistent DTCs. 

Patients and Methods

Patients. After written informed consent, bone marrow samples
were obtained intraoperatively from 85 primary breast cancer
patients who were treated at the Department of Gynecology and
Obstetrics (University Hospital Tuebingen, Germany) from 2001
until 2006. The patients were then treated with adjuvant
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chemotherapy, hormone therapy, or both based on current St. Gallen
recommendations and national treatment guidelines (www.ago-
online.de). After a median follow-up of 13 months (range: 6-30
months), a second bone marrow aspiration was performed. Clinical
data of patients are shown in Table I. Only two patients received
trastuzumab as part of their adjuvant therapy, since the majority of
patients in this study were diagnosed with breast cancer before
trastuzumab was considered as a standard therapy in HER2-positive
breast cancer.

Detection and characterization of DTCs. Ten to twenty ml of
bone marrow were prepared by centrifugation on a Ficoll-
Hypaque density gradient (1.077 g/ml; Biochrom, Germany)
followed by lysis of red blood cells with lysis solution (155 mM
NH4Cl, 10 mM KHCO3, 0.1 mM EDTA pH 7.2). Mononuclear
cells (106 MNC/spot)  were then cytospun onto a glass slide
(Hettich cytocentrifuge, Germany) and air-dried overnight at
room temperature. A double immunofluorescence staining
procedure was performed for the detection of HER2-positive
tumor cells. Slides were fixed with 0.5%  neutral-buffered
formalin for 10 minutes and washed twice in phosphate-buffered
saline (PBS). Nonspecific antibody binding was blocked using
10%  Goat Serum Normal (DAKO, Denmark) in PBS for 30
minutes. Primary rabbit HER2-antibody CB11 (1:100; Biogenex,
CA, USA) was applied for 30 minutes, followed by incubation
with secondary goat anti-rabbit antibody, labeled with Texas Red
(1:100; Vector Laboratories, CA, USA) for 30 minutes.
Subsequently, directly labeled FITC-C11 mouse monoclonal
antibody against pan-cytokeratin (CK) (1:100; Sigma, MI, USA)
was added and slides were incubated for 30 minutes. Nuclei were
counterstained with 4’6-diamidino-2-phenylindole in mounting
media (Vector Laboratories). The breast cancer cell line SKBR3
(ATCC®-Nr. HTB-30, American type culture collection,
Manassas, VA, USA) was used as a positive control for
cytokeratin and HER2 staining and the cell line MCF7 (ATCC®-
Nr. HTB-22D, American type culture collection) as negative
control for HER2 staining. Leukocytes of a healthy volunteer
served as a negative control for both. The microscopic analysis of
slides was performed by two independent investigators (NK and
TF). Evaluation for the presence of tumor cells was carried out
using a computerized fluorescence microscope (Axiophot; Zeiss,
Germany). A single-pass filter for individual fluorochromes
(FITC, Texas Red or DAPI) and a dual-pass filter for FITC/Texas
Red were used to screen for HER2-positive tumor cells. Only
cells with moderately or strongly stained membrane were
considered HER2-positive. Criteria for the identification of single
HER2-positive DTCs by immunofluorescence are described in
more detail by Meng et al. (11) and Solomayer et al. (8).

Staining of the primary tumor. Core cut biopsies or surgically
resected specimens were analyzed immunohistochemically for
expression of HER2 protein. Sections 3-5 μm-thick of formalin-
fixed, paraffin-embedded tissue were stained using commercially
available ABC kit (Vectastain; Vector Laboratories). Sections were
incubated with primary polyclonal HER2 antibody (clone A 0485)
diluted 1:200 in Tris-HCl according to the manufacturer’s instruction
(HERCEPTM test; Dako, Glostrup, Denmark). Color development
was achieved with 3,3’-diaminobenzidine (DAB). Slides were
counterstained with hematoxylin and mounted for examination.
HER2 expression was evaluated using HercepTest criteria. The

HER2 score was based on a 0 to +3 scale. Tumors with a score of
+2/+3 were considered HER2 positive. In case of a score of +2,
fluorescence in situ hybridization was performed to determine HER2
amplification using the Pathvysion™ kit (HER2/NEU) (Vysis,
Downers Grove, IL, USA). The scoring conditions followed the
recommendations given by the manufacturer.

Statistical analysis. Chi-squared test was used to examine the
association between clinicopathological factors and detection of CK
and/or HER2-positive tumor cells. Statistical analysis was performed
using SPSS (Version 16, SPSS GmbH Software, Germany)
considering p-values less than 0.05 to be statistically significant.

Results

Bone marrow status before adjuvant treatment. Bone
marrow aspirates from 85 patients were analyzed for the
presence of persistent DTCs. The first bone marrow
aspiration was performed at the time of surgery and the
second after a median follow-up of 13 months (range: 6-30
months). The identification of DTCs was based on
cytokeratin positivity and morphological criteria according
to the Consensus Recommendations for Standardized
Tumor Cell Detection (12). Typical morphology of a
representative cytokeratin-positive tumor cell is shown in
Figure 1. In 31 (36% ) patients, DTCs were detected in
bone marrow. The number of DTCs ranged from 1 to 5
cells per patient (2×106 mononuclear cells). A statistical
correlation was found between intraoperative DTC-positive
bone marrow status and negative estrogen receptor status of
primary tumor but not with any other of the established
prognostic markers, including the HER2 status of the
primary tumor (Table I).

In 8 out of 31 (26% ) cases with DTC-positive bone
marrow status, HER2 positivity of DTCs was observed.
Nevertheless, only one of these 8 patients demonstrated an
HER2 overexpressing primary tumor. Four out of 23 (17% )
patients with HER2-negative DTCs showed HER2 positivity
of their primary lesion. The comparison of HER2 status
between primary tumor and DTCs is shown in Table II. 

Heterogeneity of HER2 expression in DTCs. In 23 out of 31
(74% ) patients with detectable DTCs in bone marrow at the
time of primary diagnosis, only HER2-negative DTCs were
found. In the remaining 8 (26% ) patients, HER2-
overexpressing cells were observed. In 3 out of 7 (43% )
patients with more than one tumor cell in bone marrow there
was heterogeneity of HER2 expression (Figure 2).

HER2 status of DTCs after completion of adjuvant therapy.
Persistent DTCs after therapy were found in 14 out of 85
(16% ) patients. No statistical correlation between DTC-
positive bone marrow status after treatment and any of the
established prognostic markers including the HER2 status of
the primary tumor was observed (Table I).
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Five out of 14 (36% ) patients with tumor cell persistence
had HER2-positive DTCs. However, the corresponding
tumor was HER2 positive in only one case. All nine patients
with HER2-negative DTCs also had HER2-negative primary
tumors (Table II). Nevertheless, the percentage of patients
with HER2-positive DTCs was higher during follow-up (5
out of 14; 36% ) compared to the intraoperative time point
(8 out of 31 patients; 26% ). 

Five patients with HER2-positive tumors showed DTCs at
the time of first diagnosis. Since trastuzumab was not part of
the standard treatment before 2005, these patients did not
receive HER2-targeted therapy. After completion of adjuvant
treatment, only one of these patients had persistent tumor
cells which were HER2 positive, although initially only
HER2-negative DTCs had been detected. 

Discussion

Tumor cell persistence. Recent studies suggest that a selected
subgroup of patients may benefit from extended adjuvant
treatment. Of all validated prognostic factors, monitoring of
minimal residual disease is the only one available after the
primary tumor has been removed. A large pooled analysis
demonstrated a strong negative impact of persistent DTCs on
both disease-free and overall survival (1). Thus, follow-up
bone marrow screening might help to identify patients who
are most likely to develop disease recurrence and would
potentially benefit from a secondary adjuvant therapy. While
the exact biological nature of DTCs is still to be further
investigated, various study groups examined their phenotype
with regard to novel therapeutic agents. Since biological
factors of DTCs differ from those of the primary tumor, their
correct assessment may improve our understanding of the
natural history of breast cancer and enable us to optimize
therapy regimens. HER2 status has proven to be one of the
most important predictive factors in breast cancer and is
routinely determined in primary tumor. Targeted therapy
drugs, such as trastuzumab, pertuzumab and lapatinib, were
introduced into breast cancer treatment in both metastatic
and adjuvant settings.

HER2 status of DTCs does not reflect the HER2 status of the
primary tumor. Several aspects of HER2 status on DTCs must
be considered. Firstly, DTCs reflect only a subpopulation of
cancer cells from primary tumor. This selected group of cells
seem to feature factors commonly associated with poorer
clinical outcome, such as negative hormonal status and up-
regulation of urokinase-type plasminogen activator receptor
(13, 14). Additionally, HER2-positive tumor cells have an
enhanced extravasative potential, and thus a growth and
survival advantage, and can therefore be encountered more
frequently in bone marrow or blood (15). As a result, the
HER2 status of DTCs or other metastatic sites does not

necessarily reflect the HER2 status of the primary tumor. In
our patient group, HER2-positive tumor cells were detected
in the bone marrow of seven patients despite their having
HER2-negative primary tumors. This finding is consistent
with previous publications (7, 8, 16-19) (Table III). As the
indication for trastuzumab-targeted therapy is based on HER2
overexpression or gene amplification of the primary tumor, a
subgroup of patients with HER2-positive DTCs but HER2-
negative tumors is not eligible for this treatment. However,
several studies have demonstrated that trastuzumab-based
therapy is able to eliminate HER2-positive circulating tumor
cells (11, 20, 21). Whether the indication for trastuzumab
treatment in an adjuvant setting should be extended to
patients with HER2-positive DTCs regardless of primary
tumor status must be further evaluated. 
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Table I. Clinical data of patients.

Before After 
treatment treatment

N BM p-value BM p-value
positive positive 

(% ) (% )

Total 85 31 (36) 14 (16)
Menopausal status

Premenopausal 28 13 (46) n.s. 10 (17) n.s.
Postmenopausal 57 18 (32) 4 (14)

Tumor size
pT1 53 21 (37) n.s. 8 (15) n.s.
pT2-4 32 10 (31) 6 (19)

Nodal status
Node negative 58 24 (41) n.s. 8 (16) n.s.
Node positive 26 7 (27) 6 (23)

Histology
Ductal 59 22 (37) n.s. 8 (14) n.s.

Lobular 19 7 (37) 3 (16)
Other 7 2 (29) 3 (43)

Grading
I 3 1 (33) n.s. 1 (33) n.s.
II 63 22 (35) 11 (17)
III 17 7 (41) 0 (0)

ER status
Negative 20 11 (55) 0.05 5 (25) n.s.
Positive 65 20 (31) 9 (14)

PR status
Negative 29 13 (45) n.s. 7 (24) n.s.
Positive 56 18 (32) 7 (12)

HER2
Negative (0/+1) 71 27 (38) n.s. 13 (19) n.s. 
Positive (+2/+3) 14 4 (29) 1 (7)

Systemic adjuvant therapy
Chemotherapy 19 11 (58) n.s. 4 (21) n.s.
Endocrine therapy 25 8 (32) 3 (12)
Both 41 12 (29) 7 (17)

n.s.: Not significant; BM positive: presence of disseminated tumor cells
in bone marrow; ER: estrogen receptor; PR: progesterone receptor.



HER2 overexpression can be acquired during dissemination
and progression. Furthermore, persistent DTCs may acquire
a more aggressive phenotype in the course of the disease.
We observed an increase of patients with HER2-positive
DTCs (26%  at the time of surgery, 33%  after follow-up).
As shown before, conventional adjuvant chemotherapy fails
to eliminate DTCs from bone marrow (22). One major
reason for this inefficiency is the dormant state of DTCs
with a small proliferation index (23). However, at some
point, single tumor cells might increase their metabolism,
leaving the dormant state, and thus cause subsequent
metastasis. 
Recently, Jückstock et al. presented preliminary results of an
interventional post-adjuvant trastuzumab-based pilot trial
(24). Twelve asymptomatic breast cancer patients with
persistent HER2-positive DTCs received trastuzumab. All
patients completed chemotherapy at least 6 months prior to
entering the study. Trastuzumab treatment was able to
eradicate DTCs in seven of these patients. Another
interesting approach was proposed by Bernhard et al.
Autologous HER2-specific T-lymphocytes were transferred
to a patient with metastatic HER2-positive breast cancer.
This experimental treatment was able to eliminate HER2-
overexpressing tumor cells from the bone marrow, but did
not penetrate into solid metastases (25). However,

elimination of minimal residual disease may not have a
direct impact on survival outcome. Whether patients with
persistent DTCs actually benefit clinically from additional
targeted therapy strategies will have to be evaluated in
further prospective randomized studies.

Disease monitoring and response to therapy. The acquisition
of more aggressive genomic aberrations, such as HER2
amplification, may indicate tumor progression and play a
role in the metastatic cascade (11). This patient group might
benefit from additional targeted therapy. This underlines the
need for re-evaluation and monitoring of DTC status in the
course of the disease (10). In contrast to tissue evaluation
with regard to HER2 overexpression – a single event –
monitoring minimal residual disease gives an opportunity for
real-time insight into disease progression. The persistence of
HER2-positive circulating tumor cells after completion of
adjuvant chemotherapy was shown to be linked to poor
clinical outcome (16). 

Conclusion

Concluding, in the present report, we were able to show that
the HER2 status on persistent DTCs differs not only from
that of the primary tumor, but also from the intraoperative
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Figure 1. Typical cytomorphology (nuclear size clearly enlarged, high
nuclear to cytoplasmic ratio) and immunophenotype (irregular
cytoplasmic staining for cytokeratin, cytokeratin filaments can be seen)
of a representative DTC from a breast cancer patient. Tumor cell is
stained with an anti-CK-fluorescein isothiocyanate (green) antibody
(×40 oil immersion objective).

Figure 2. Heterogeneity of HER2 expression on DTCs from a primary
breast cancer patient. Tumor cells were stained with an anti-CK-
fluorescein isothiocyanate (green) and anti-HER2 detected by a
secondary Texas Red labeled goat anti-rabbit (red) antibodies. Nuclei
are stained blue with DAPI (×40 oil immersion objective). Cluster of
HER2-negative and HER2-positive DTCs from a breast cancer patient.



DTC status. HER2 positivity may be acquired during
dissemination and tumor progression. Whether the indication
for targeted trastuzumab treatment should be based on both
primary tumor and DTC status must be further evaluated.
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Abstract Recent studies have shown that the detection of

circulating tumor cells (CTC) pre and postoperatively in the

peripheral blood of primary breast cancer patients may be an

indicator for poor survival. This study aimed to investigate

the influence of removal of the primary tumor on incidence

and phenotype of circulating tumor cells in primary breast

cancer. 209 primary breast cancer patients could be included

into this analysis. Blood sampling was performed both pre

and postoperatively. The blood specimens were immuno-

magnetically enriched using AdnaTest BreastCancerSelect

within 4 h after blood withdrawal, followed by RNA isola-

tion and subsequent gene expression analysis by reverse

transcription and multiplex PCR using AdnaTest Breast-

CancerDetect. Three breast cancer-associated tumor mark-

ers and two hormone receptor genes were amplified:

GA733-2, Muc-1, Her-2, ER, PR. In addition, bone marrow

(BM) status was intraoperatively determined. Forty-three of

209 patients (21%) had pre and/or postoperatively circulat-

ing tumor cells. The positivity rates after surgery were

higher but did not differ significantly (12% pre and 16%

postoperatively, P = 0.264). Disseminated tumor cells in

BM were seen in 32 of 209 cases (15%). Patients with

positive BM status had significantly higher CTC positivity

rates both pre and postoperatively compared to those with

negative BM status. The most common CTC phenotype was

triple negative (24 patients) followed byHER2?/ER-/PR-

subtype (10) and ER and/or PR positive (9). Interestingly, 41

of 43 primary tumors (95%) were ER and PR positive.

Removal of the primary tumor did not alter the phenotype of

CTC. Surgery does not significantly influence the tumor cell

load in the blood stream. CTC phenotype before and after the

surgery generally remains identical but may differ from that

of the primary tumor.

Keywords Breast cancer � Circulating tumor cells �

Surgery � Tumor cell phenotype

Abbreviations

BM Bone marrow

CK Cytokeratin

CTC Circulating tumor cell

DTC Disseminated tumor cell

ER Estrogen receptor

HER2 Human epidermal growth factor receptor 2

MRD Minimal residual disease

PR Progesterone receptor

Introduction

The presence of disseminated tumor cells (DTC) in bone

marrow (BM) is a common phenomenon seen in 30–40% of

primary breast cancer patients. As demonstrated by a large,

pooled analysis of BM specimens from more than 4,700

patients, DTC presence at the time of diagnosis is an
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independent prognostic factor [1]. In addition, it has been

shown that tumor cells are able to survive chemotherapy [2]

and that their persistence is strongly associated with poor

outcome [3]. However, one limitation of BM biopsy is its

invasiveness. Since BM sampling is not well tolerated by

many patients, detection of circulating tumor cells (CTC) in

the blood might be an ideal option. CTC are routinely

detected, depending on stage of the disease and methodol-

ogy, in 10–80% breast cancer patients. Conclusive data on

the clinical relevance of CTC is pending; nevertheless,

recent studies have shown a prognostic potential of CTC in

primary and metastatic breast cancer patients [4, 5].

While biological significance of DTC is generally

accepted, circulating tumor cells are considered by many to

be an epiphenomenon of primary tumors. According to this

model, single tumor cells are shed mainly by the primary

tumor, and their phenotype necessarily reflects the tumor’s

characteristics. Since the estimated half-life of CTC does not

exceed 2.4 h, a rapid decrease in CTC incidence after tumor

removal would be expected [6]. We aimed to verify this

hypothetical model by examining changes in CTC incidence

before and after surgery. It is also assumed that the ability to

disseminate and persist is not common for all tumor cells but

rather requires a selected subpopulation of cancer cells with

particular expression profiles. Thus, CTC phenotype was

determined before and after removal of the primary tumor.

In addition, since DTC represent an established and stable

marker for minimal residual disease (MRD) [7], CTC

detection was compared to bone marrow status.

Materials and methods

Patients

This prospective analysis was performed at the Department

of Obstetrics and Gynecology in University Hospital

Tuebingen, Germany. In total, 209 primary breast cancer

patients (pT1-4, pN0-2, M0) were recruited between 2006

and 2009. Patients’ characteristics at the time of diagnosis

are shown in Table 1. None of the patients underwent

neoadjuvant systemic therapy. All specimens were

obtained after written informed consent and collected using

protocols approved by the institutional review board

(114/2006A). The phenotype of the primary tumor was

routinely assessed by immunohistochemical staining in the

Department of Pathology, University of Tuebingen.

Staining protocols are described in detail elsewhere [8].

Sampling of blood

5 ml EDTA blood samples were collected before surgery

and 2 or 3 days after surgery (48–72 h, median 58 h) and

stored at 4�C until further examination. The samples were

processed immediately or not later than 4 h after blood

withdrawal. Blood samples were analyzed for CTC with

the AdnaTest BreastCancer (AdnaGen AG, Langenhagen,

Germany) which enables the molecular detection of tumor

cells via epithelial and tumor-associated antigens. The

system was described in detail previously [9]. Blood

samples were incubated with a ready-to-use antibody

mixture commercialized as AdnaTest BreastCancerSelect

according to the manufacturer’s instructions. Two anti-

bodies against the epithelial antigen MUC1 and one anti-

body against the epithelial glycoprotein GA 733-2

(EpCAM) were conjugated to magnetic beads (Dynabeads)

for the labeling of tumor cells in peripheral blood [10]. The

labeled cells were extracted by a magnetic particle con-

centrator (MPC).

Multiplex RT-PCR

mRNA isolation from lysed, enriched cells was performed

according to the manufacturer’s instructions with the

Dynabeads mRNA DIRECT Micro Kit (Dynal Biotech

GmbH, Hamburg, Germany) that is included in the Ad-

naTest BreastCancerDetect. Reverse transcription resulted

in cDNA, which served as a template for tumor cell

detection and characterization by multiplex RT-PCR.

Sensiscript Reverse Transcriptase (QIAGEN GmbH, Hil-

den, Germany) was used for the reverse transcription

because of its high sensitivity (recommended for amounts

of \50 ng RNA) in combination with oligo(dT) coupled

Dynabeads of the mRNA DIRECT
TM

Micro Kit (Dynal

Biotech GmbH) [11]. cDNA was synthesized in a ther-

mocycler under the following conditions. Reverse tran-

scription was performed at 37�C for 60 min followed by

3 min at 93�C for inactivation of the reaction. The resulting

cDNA was stored at -20�C until further use. The analysis

of tumor-associated mRNA isolated from CTC was per-

formed in a multiplex PCR for three tumor-associated

transcripts: HER2, MUC1, and GA 733-2. The primer sets

for the estrogen and progesterone receptor (ER, PR) were

provided from Adnagen AG (Langenhagen, Germany). ER

and PR were detected on CTC after the preparation of

cDNA and according to the manufacturer’s instructions.

PCR was performed with the HotStarTaq Master Mix

(QIAGEN GmbH). b-Actin was used as internal PCR

positive control. The thermal profile used for the nested

RT-PCR was as follows. After a 15 min denaturation at

95�C, 37 cycles of PCR were carried out by denaturation at

94�C for 30 s, annealing/extension at 60�C for 30 s and

elongation for 30 s at 72�C. Subsequently, termination of

the reaction was carried out at 72�C for 5 min followed by

storage of the samples at 4�C. The primers generated

fragments of the following sizes: GA 733-2: 395 base pairs
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(bp), MUC1: 293 bp, HER2: 270 bp, PR: 270 bp, ER:

305 bp, and b-actin: 114 bp. Visualization of the PCR

fragments was carried out with a 2100 Bioanalyzer using

the DNA 1000 LabChips (Agilent Technologies) and the

Expert Software Package (version B.02.03.SI307).

Evaluation of data established for CTC

The test was considered positive if a PCR fragment of at

least one tumor-associated transcript was clearly detec-

ted. Using the software package for evaluation of the

data on the Agilent 2100 Bioanalyzer, peaks with a

concentration of [0.15 ng/ll were positive for the tran-

scripts GA733-2, MUC1, and HER2. Peaks with a con-

centration of [0.60 ng/ll were considered positive for

the ER transcript. The PR expression was considered

positive when the transcript was detected without

applying any cut-off.

Detection of disseminated tumor cells in bone marrow

DTC detection was performed as described in detail pre-

viously [12]. 10–20 ml bone marrow (BM) was aspirated

from the iliac crest into syringes containing heparin anti-

coagulant under general anesthesia using Jamshidi’s tech-

nique. Tumor cell isolation and detection was performed

based on the recommendations for standardized tumor cell

detection [13]. Samples were separated by density centri-

fugation using Ficoll (density 1,077 g/ml, Biochrom,

Germany). Mononuclear cells were collected from the

interphase layer and were spun down onto a glass slide

(Hettich cytocentrifuge, Germany) (106 MNC/spot). For

detection of cytokeratin-positive (CK) tumor cells, slides

were fixed in 4% neutral buffered formalin for 10 min and

rinsed in PBS. Automatic immunostaining was performed

on the DAKO Autostainer using the monoclonal mouse

A45-B/B3 antibody (Micromet, Germany) and the DAKO-

Table 1 Clinical data of

patients

BM bone marrow, CTC

circulating tumor cells, DTC

disseminated tumor cells, ER

estrogen receptor, PR

progesterone receptor

n CTC positive

preoperative

(%)

P value CTC positive

postoperative

(%)

P value DTC

positive

(%)

P value

N = 209

Total 209 26 (12) 34 (16) 32 (15)

Menopausal status n.s. n.s. n.s.

Premenopausal 42 3 (7) 5 (12) 5 (12)

Postmenopausal 167 23 (14) 29 (17) 27 (16)

Tumor size n.s. n.s. n.s.

pT1 149 16 (11) 23 (15) 20 (13)

pT2-4 60 10 (17) 11 (18) 12 (20)

Nodal status 0.031 n.s. n.s.

Negative 155 15 (10) 21(13) 22 (14)

Positive 52 11 (21) 13(25) 9 (17)

Histology n.s. n.s. n.s.

Ductal 153 22 (14) 26 (17) 22 (14)

Lobular 34 3 (9) 5 (15) 5 (15)

Others 21 1 (5) 3 (14) 4 (19)

Grading n.s. n.s. 0.016

I/II 158 17 (11) 24 (15) 19 (12)

III 49 9 (18) 10 (20) 13 (27)

ER status n.s. n.s. n.s.

Negative 33 2 (6) 4 (12) 6 (18)

Positive 176 24 (14) 30 (17) 26 (15)

PR status n.s. n.s. n.s.

Negative 40 6 (15) 7 (17) 10 (25)

Positive 169 20 (12) 27 (16) 22 (13)

HER2 status n.s. n.s. n.s.

Negative 192 25 (13) 31 (16) 27 (15)

Positive 10 1 (10) 3 (30) 3 (27)

BM status 0.026 0.005

DTC 32 8 (25) 11 (34)

No DTC 177 18 (10) 23 (13)
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APAAP detection kit (DakoCytomation, Denmark)

according to the manufacturer’s instructions. The A45-B/B3

antibody is directed against common cytokeratin epitopes

including the CK heterodimers 8/18 and 8/19. The malig-

nant breast cell line MCF-7 was used as a positive control.

For each patient 2 9 106 cells were analyzed on two slides.

Analysis was performed on the Automated Cellular Imaging

System (ACIS, ChromaVision Medical Systems, San Juan,

Capistrano, CA).

Statistical analysis

Chi-squared test and Fisher’s exact test were used to

evaluate the relationship between CTC and clinicopatho-

logical factors. The McNemar test was used to compare the

relationship of CTC positivity before and after surgery.

Statistical analysis was performed by SPSS, version 11.5

(SPSS Inc., Chicago, IL, USA). P values below 0.05 were

considered statistically significant.

Results

Patients’ characteristics

A total of 209 patients were included in the study. Seventy-

one per cent (149 of 209) of these patients had T1 tumors

and 75% (155 of 209) were node negative. The most

common immunohistochemical phenotype, based on the

ER, PR and HER2 expression of primary tumor was ER

and/or PR positive (190 patients, 90%) followed by triple-

negative (ER-/PR-/HER2-; 15 patients, 7%) and

HER2?/ER-/PR- (4 patients, 2%). Clinical data are

shown in detail in Table 1. The distribution of patients is

summarized in a Recommendations for Tumor Marker

Prognostic Studies (REMARK) diagram [14] (Fig. 1).

Incidence of CTC before and after surgical therapy

In 43 of 209 patients (21%), circulating tumor cells were

detected before and/or after the surgery. In 26 (12%)

patients CTC were detected preoperatively. 34 patients

(16%) were CTC positive postoperatively (Table 2). CTC

positivity before surgery was not associated with CTC

positivity after surgery (P = 0.169). Nine patients (4%)

were only preoperatively positive for CTC, 17 (8%) only

postoperatively and 17 (8%) patients both pre and post-

operatively. Pre and postoperative positivity rates did not

differ significantly (12% and 16%, respectively, P[ 0.05).

Preoperative CTC status correlated with nodal involvement

(P = 0.031) but not with other clinicopathological factors.

No correlation could be observed between postoperative

CTC status and established prognostic factors.

Incidence of DTC in BM

In 32 of 209 patients (15%), DTC in bone marrow could be

detected at the time of surgery. The timepoint of CTC

positivity was associated with BM status (P = 0.011).

Bone marrow positivity was highest in patients with CTC

before and after surgery (41%; 7 out of 17) followed by

patients with postoperatively detected CTC (24%; 4 out of

Fig. 1 Patient distribution

diagram according to the

Recommendations for Tumor

Marker Prognostic Studies

(REMARK)

Table 2 Positivity rates before and after surgery

Postoperative

CTC pos.

Postoperative

CTC neg.

Total

Preoperative

CTC pos.

17 (8%) 9 (4%) 26 (12%)

Preoperative

CTC neg.

17 (8%) 166 (79%) 183 (88%)

Total 34 (16%) 175 (84%) 209 (100%)

CTC positive at least once: 43 (21%)
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17). In contrast, DTC could only be detected in 12 and 11%

of patients with no CTC (20 of 166) and CTC positivity

before surgery (1 of 9), respectively (P = 0.01). However,

this observation is prone to sampling error due to small

sample size.

Comparison of expression profiles of primary

tumor and CTC

In 43 patients, CTC were detected in at least one time

point. In these patients an additional gene expression pro-

file with regard to ER and PR status was determined. CTC

were considered ER/PR/HER2 positive if the correspond-

ing receptor was positive before and/or after surgery. In 8

of 43 (19%) patients, CTC were ER and/or PR positive

while 16 (37%) patients had HER2 positive CTC. The most

common CTC phenotype was triple negative (ER/PR/

HER2 negative; 24 patients; 56%) followed by HER2?/

ER-/PR- (10 patients; 23%) and ER and/or PR positive

(9 patients; 21%).

Primary tumors were in 3 cases (7%) HER2 positive and

in 41 cases (95%) hormone receptor positive (ER and/or

PR). However, 33 of these 41 patients (80%) presented

with ER/PR negative CTC. One patient had a triple-nega-

tive tumor and HER2 positive CTC. In one case, CTC were

ER/PR positive while the primary tumor was HER2 posi-

tive but ER/PR negative (Table 3).

Changes in expression profiles of CTC

In 17 of 209 patients (8%) CTC were detected both pre and

postoperatively. Table 4 shows expression profiles of CTC

before and after surgery. A switch in HER2 status of CTC

was observed in only two patients while the ER/PR status

remained unchanged in all 17 patients (Fig. 2).

Discussion

Incidence of CTC before and after surgery

With a total of 209 patients included in analysis, this is the

largest study to date to examine the fate of CTC after

removal of a primary tumor. Our results demonstrate no

significant change in CTC incidence before and after sur-

gical therapy (12 vs. 16%, respectively), and similar find-

ings have been reported by others previously in smaller

cohorts [15], [16]. In a group of 41 patients, Biggers et al.

reported a CTC incidence of 24% preoperatively and 30%

2 weeks after surgery [17]. Recently, Sandri et al. detected

CTC using the CellSearch system in 29% breast cancer

patients preoperatively and in 30% patients 5 days post-

surgery [16]. Remarkably, CTC status changed in 40% of

all patients. Further, Krag et al. showed, using an exceed-

ingly sensitive assay (95% incidence at the time of diag-

nosis) that CTC incidence in breast cancer falls rapidly

following surgery [18]. Nevertheless, as in our study, a

considerable proportion of patients failed to eliminate CTC

after surgery, the incidence reaching a stable plateau

(approx. 30%) at 48–72 h postoperatively. Interestingly,

despite a high variation in preoperative CTC incidence,

most of the studies observed 15–30% positivity rate after

surgery [19, 20]. Table 5 summarizes the data regarding

changes in CTC load due to surgery.

Tumor cell persistence

Our data suggest that tumor cells may persist in secondary

sites, independent of the primary tumor even in early stages

Table 3 Comparison of expression profiles of primary tumor and

CTC

CTC expression profile

Triple

neg.

HER2?/

ER-/PR-

ER/PR

pos.

Total

n n n

Primary tumor expression profile

Triple neg. – 1 – 1

HER2?/ER-/PR- – – 1 1

ER/PR pos. 24 9 8 41

Total 24 10 9 43

Table 4 CTC expression profile pre and postoperatively

CTC expression

profile

Postoperative N

Triple

neg.

HER2?/

ER-/PR-

ER/PR pos. Total

Preoperative N

Triple neg. 9 1 – 10

HER2?/ER-/PR- 1 3 – 4

ER/PR pos. – – 3 3

Total 10 4 3 17

Fig. 2 The phenotype of CTC before and after removal of the

primary tumor
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of the disease. A comprehensive analysis of the half-life of

tumor cells was presented by Meng et al. [6]. Based on

serial measurements, the CTC in patients whose primary

tumor was just removed had a half-life measured in

1–2.4 h. Since the estimated half-life of CTC is very short,

and a major fraction of detectable cells are apoptotic, CTC

must be continuously replenished [6, 21]. However, in the

postoperative setting the primary tumor as the CTC

releasing source is no longer present, so the existence of an

alternative actively self-renewing population (‘‘cancer stem

cells’’) must be assumed (Fig. 3). In contrast to the

‘‘classic’’ model of metastatic cascade, where any tumor

cell may be the source of subsequent cell growth and

metastasis, the stem cell model postulates a critical role of

progenitor cell population in cancer development and

progression [22]. These cells with highly tumorigenic

properties (e.g. capability of self-renewal and differentia-

tion) are supposed to play a major part in several malig-

nancies, such as breast and gastrointestinal cancer,

retinoblastoma and ovarian cancer [23, 24]. It has been

shown that CTC and DTC in primary breast cancer display

stem cell features, such as ALDH1 positivity or presence of

CD44 and absence of CD24 [22, 25, 26].

Correlation of CTC with bone marrow status

Tumor cell dissemination in bone marrow of primary

breast cancer patients is considered a surrogate marker for

minimal residual disease, whereas the role of circulating

tumor cells in the peripheral blood of these patients

remains less well known. In our study, we compared the

incidence of tumor cells in both compartments in order to

evaluate the potential of CTC to act as an additional marker

for MRD. Our data show a significant correlation between

DTC and CTC status both pre and postoperatively (25 vs.

10%, 34 vs. 13%, respectively; Table 1). However, the

concordance between CTC positivity and bone marrow

status was higher for postoperative than preoperative CTC

status (P value 0.005 and 0.026, respectively). This dis-

crepancy may be the result of blood contamination with

tumor cells shed from primary lesion in preoperative set-

ting. Hypothetically, such cells represent an epiphenome-

non of primary tumor and are no longer present after the

surgery, since the source of the spread has been removed.

Postoperatively detected persistent CTC seem to be

strongly linked to DTC in bone marrow. This suggests a

possible role of these cells as a marker for MRD, since all

Table 5 A summary of other studies investigating the CTC changes due to removal of the primary tumor

Author Year N Primary

tumor

Method CTC positivity rate

preoperatively

(%)

Time of obtaining

the postoperative

blood sample

CTC positivity rate

postoperatively

(%)

Conversion

rate (%)

Sandri et al. [16] 2010 56 Breast cancer CellSearch 16/56 (29%) 5 days postop 14/47 (30%) 19/47 (40%)

30 days postopa 8/27 (30%)

Weitz et al. [15] 1998 58 Colorectal

cancer

RT-PCR 15/58 (26%) 24 h postop 12/58 (21%) 9/58 (15%)

Bessa et al. [20] 2001 50 Colorectal

cancer

RT-PCR 35/50 (70%) 24 h postop 23/50 (46%) 16/50 (32%)

Sawabata

et al. [19]

2007 9 Non small

cell lung

cancer

CellSearch 1/9 (11%) 24 h postop 3/9 (33%) 2/9 (22%)

Biggers et al. [17] 2009 41 Breast cancer CellSearch 10/41 (24%) 14 days postop 9/30 (30%) –

Krag

et al. [18]

1999 21 Breast cancer ICC 18/19 (95%)s 2 h postop 15/18 (83%) –

4 h postop 14/19 (74%)

8 h postop 9/16 (56%)

12 h postop 7/14 (50%)

24 h postop 10/19 (53%)

48 h postop 6/19 (32%)

7 days postop 3/18 (17%)

14 days postop 6/20 (30%)

Our study 2011 209 Breast cancer RT-PCR

(Adnagen)

26/209 (12%) 48–72 h postop 34/209 (16%) 26/209

(12%)

a In case of positivity of the preoperative and/or postoperative sample at 5 days, another sample was taken after 30 days

ICC immunocytochemistry, RT-PCR reverse transcription polymerase chain reaction
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patients in our study had no evidence of metastatic disease

[27]. Significant correlation between tumor cell detection

in both compartments after the removal of the primary

tumor was also reported by other authors [28, 29].

Comparison of expression profile of CTC

and primary tumor

Single tumor cells in secondary sites seem to be a perfect

surrogate marker for minimal residual disease. Besides

mere detection of CTC/DTC, the need to determine their

expression profile is becoming increasingly important, as

they are targets of all adjuvant treatment strategies. How-

ever, the indication to and the choice of adequate therapy

are based exclusively on the properties of primary tumor

[2]. Various authors reported a discrepancy between tumor

cells from primary tumors and those in secondary sites,

such as blood and bone marrow, with regard to ER and

HER2 status [30, 31, 32, 33]. This might be relevant to

clinicians when selecting patients for targeted therapy, as

patients with HER2-negative tumors but HER2-positive

MRD are not eligible for HER2-based treatment. However,

these patients might benefit from such therapy [34, 35].

Inversely, the loss of ER-positivity in disseminated or

circulating tumor cells may explain the failure of endocrine

therapy in a subset of ER-positive patients [33]. In our

patient group, the expression profiles of CTC differed

significantly from corresponding primary tumors. These

observations suggest a more complex relationship between

primary tumor and minimal residual disease, with sub-

stantial differences both at the genomic and phenotypic

level. CTC may reflect only a subpopulation of cancer cells

from the primary tumor with the ability to disseminate and

as such feature factors commonly associated with poorer

clinical outcome [33, 36]. In addition, isolated tumor cells

are able to acquire new genomic alteration in course of

disease progression [35]. In our study, expression profiles

of primary tumors were assessed by immunohistochemistry

while the phenotype of CTC was determined by RT-PCR.

Clearly, it would be desirable that the same method is used

to determine phenotype of both primary tumor and CTC.

However, the test used in our study does not allow further

immunohistochemical analysis.

Changes in expression profiles of CTC

Conceptual models of tumor growth have been developed

to improve our understanding of the natural history of

cancer. Two basal models of cancer behavior and pro-

gression were discussed recently by Klein [37]. In the

linear progression model, primary tumor undergoes local

progression, accumulating genetic and morphological

abnormalities, until fully malignant cells are able to dis-

seminate from the primary site and subsequently seed

metastasis. However, data from epidemiological and

genetic studies do not support the concept of linear cancer

progression [38, 39]. The parallel progression model

addresses these important issues—this concept places

tumor cell dissemination and metastatic growth into the

earliest stages of the disease, long before the tumor

becomes clinically apparent. Accordingly, cells that enter

the circulation and persist in secondary sites are still

evolving, thus leading to development of divergent cell

populations adapted to specific microenvironments. In our

Fig. 3 Theoretical model of

metastatic spread. Single tumor

cells from the primary tumor

enter blood circulation at the

earliest stage of the disease

(hematogenous dissemination)

and migrate into secondary

homing site, e.g. bone marrow.

This favorable environment

allows for their long-year

persistence in dormant state and

accumulation of further genetic

changes. Subsequently tumor

cells re-enter the circulation and

disperse into different tertiary

sites
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study, removal of the primary tumor did not affect the

phenotype of circulating tumor cells. Moreover, their

expression profiles did not reflect the properties of the

primary tumor. It may be, therefore, assumed that the

detected CTC population left the primary tumor long

before diagnosis and subsequently re-entered the circula-

tion from a secondary homing site (e.g. bone marrow).

These observations strongly support the parallel progres-

sion model. Alternatively, it is possible that only a small

subpopulation of cancer cells is able to leave the primary

tumor and enter blood circulation. These pre-selected cells

do not reflect general properties of primary tumor and thus

represent only a minor percentage of all cancer cells.

Assuming that stem cell-like cancer cells are the active

source of metastatic spread, it seems likely that such cells

should be detectable among this particular subpopulation

[22].

Conclusions

In the present report, we showed that the removal of the

primary tumor has no impact on the phenotype of circu-

lating tumor cells. In addition, the phenotype of CTC does

not reflect that of the primary tumor. This suggests that CTC

are not an epiphenomenon of primary tumors but instead

have a biological significance of their own. That is, CTC

may reflect a subpopulation of the primary tumor able to

disseminate and migrate and are able to persist in secondary

homing sites to subsequently re-enter the circulation. So far,

studies on circulating tumor cell phenotype were limited by

small sample sizes and methodological differences. A

prospective analysis involving large numbers of patients is

necessary to verify these hypotheses. The introduction of

standardized diagnostic assays, such as AdnaTest and

CellSearch, may facilitate such analysis. The implications

for adjuvant therapy will require further discussion.
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Abstract

Background: An imbalance between cell proliferation and programmed cell death can result in tumor growth.

Although most systemic cytotoxic agents induce apoptosis in tumor cells, a high apoptotic rate in primary breast

cancer correlates with poor prognosis. The aim of this study was to investigate the incidence and the prognostic

significance of apoptotic disseminated tumor cells (DTC) in the bone marrow (BM) of breast cancer patients who

either underwent primary surgery or primary systemic chemotherapy (PST).

Methods: A total of 383 primary breast cancer patients with viable DTC in the BM were included into this study.

Eighty-five patients were initially treated with primary systemic chemotherapy whereas 298 patients underwent

surgery first. Detection of apoptotic DTC were performed by immunocytochemistry using the M30 antibody which

detects a neo-epitope expressed after caspase cleavage of cytokeratin 18 during early apoptosis. The median follow

up was 44 months (range 10–88 months).

Results: Eighty-two of 298 (27%) primary operated patients and 41 of 85 (48%) patients treated with primary

systemic systemic therapy had additional apoptotic DTC (M30 positive). In the neoadjuvant group M30-positive

patients were less likely to suffer relapse than those without apoptotic DTC (7% vs. 23% of the events, p = 0.049). In

contrast, the detection of apoptotic DTC in patients treated by primary surgery was significantly associated with

poor overall survival (5% vs. 12% of the events, p = 0.008).

Conclusions: Apoptotic DTC can be detected in breast cancer patients before and after systemic treatment. The

presence of apoptotic DTC in patients with PST may be induced by the cytotoxic agents. Thus, both spontaneous

and chemotherapy-induced apoptosis may have different prognostic significance.

Keywords: Apoptosis, M30, Breast cancer, Survival, Disseminated tumor cell

Background
30-40% of primary breast cancer patients present with dis-

seminated tumor cells (DTC) at the time of diagnosis and

the detection of these cells in the bone marrow has been

shown to be a strong independent prognostic factor for

disease free and overall survival [1]. Furthermore, DTC

are able to survive systemic treatment and their persist-

ence is associated with a poor outcome [2]. However, not

all of these patients develop distant metastatic disease dur-

ing follow-up suggesting that the majority of detected DTC

has a short half-life and not the capability to induce tumor

growth at secondary sites (“metastatic inefficiency”). Be-

yond mere detection of DTC, it is therefore important to

further characterize these cells with respect to their pheno-

type and apoptotic status [3].

Apoptosis is a strongly regulated process that occurs in

biological organisms leading to destruction of individual

cells [4,5]. The role of this programmed cell death in

oncogenesis has been intensively investigated in the past

two decades. Since the survival of genetically altered cells

results in carcinogenesis, an inadequate ratio of apoptosis
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leads to uncontrolled cell proliferation and thereby tumor

growth. This is considered to be a result of mutations in

oncogenes which are responsible for the regulation of

apoptosis, including BCL-2, C-MYC and P53 [6-8]. Para-

doxically, several studies have shown that a high ratio of

apoptotic cells in untreated primary breast cancer gener-

ally correlates with increased cell proliferation, negative

hormonal status, high grading and thus with a poor clin-

ical outcome [8-10]. Whether this phenomenon is re-

stricted to primary tumor or if it takes place in DTC

remains to date unclear.

In contrast, chemotherapeutic agents can induce apop-

tosis of tumor cells leading to disease regression. This

process can be explored in vivo in patients treated with

PST [11]. We have previously reported that PST may in-

duce apoptosis not only in primary tumor, but in DTC as

well [3].

The purpose of this study was to investigate the inci-

dence and prognostic significance of apoptotic DTC in

two different subgroups of primary breast cancer pa-

tients: 1) patients who underwent surgery first and 2)

patients treated with PST.

Methods
A total of 383 primary breast cancer patients treated be-

tween 2003 and 2009 at the Department of Obstetrics and

Gynecology, University of Tuebingen, Germany were en-

rolled in this study, which was approved by the local re-

search ethics committee (560/2012R). Inclusion criteria

were: non metastatic breast cancer (T1-T3, N0-3, M0) and

DTC positive BM status. Patients were subdivided into

two groups based on their treatment schedule: (1) patients

with surgery followed by adjuvant treatment (n = 298), and

(2) patients with PST (n = 85). The clinical characteristics

of patients are presented in Tables 1 and 2. The clinical re-

sponse to PST was assessed by ultrasound, mammography

and physical examination and was defined according to

the World Health Organization criteria [12]. Pathological

complete response was considered in patients with absence

of invasive tumor in the breast and negative lymph node

status. BM aspiration was performed intraoperatively in

both groups.

Collection and analysis of BM

Between 10 and 20 ml of BM were aspirated from the an-

terior iliac crest and processed within 24 hours. All speci-

mens were obtained after written informed consent from

patients. BM samples were separated by density centrifuga-

tion over Ficoll (Biochrom, Germany) with a density of

1,077 g/ml. 106 mononuclear cells were spun onto a glass

slide using a cytocentrifuge (Hettich, Tuttlingen, Germany).

Slides were than fixed in a 4% neutral buffered formalin so-

lution for 10 minutes and were rinsed in phosphate-

buffered saline. Automatic immunostaining was performed

on the DAKO autostainer using the monoclonal mouse

A45–B/B3 antibody (Micromet, Munich, Germany),

and the DAKO-APAAP detection kit (DakoCytomation,

Glostrup, Denmark) according to the manufacturers’ in-

structions. For each patient, 2 × 106 cells were analyzed.

Slides were automatically scanned using the ACIS™ im-

aging system (ChromaVision, Medical Systems Inc., San

Juan, Capistrano, CA, USA) and evaluated based on the

recommendations for standardized tumor cell detection

and the criteria of the European ISHAGE Working

group [13,14]. The MCF-7 cell line served as a positive

control. Leukocytes from healthy volunteers were used

as a negative control. All BM specimens were evaluated

qualitatively, as positive and negative for DTC.

383 primary breast cancer patients with A45-B/B3

positive DTC in BM were included into this study. In

order to evaluate the apoptotic status of DTC in this

Table 1 Clinical data for patients who underwent primary

surgery

n M30 positive DTC p-value

N = 298 (%)

Total 298 82 (27)

Menopausal status n.s.

Premenopausal 63 14 (22)

Postmenopausal 235 68 (29)

Tumor size n.s.

pT1 204 57 (28)

pT2-4 94 25 (27)

Nodal status n.s.

Negative 214 54 (25)

Positive 84 28 (33)

Histology n.s.

Ductal 226 63 (28)

Lobular 54 16 (30)

Others 18 3 (17)

Grading n.s.

I/II 268 74 (28)

III 30 8 (27)

ER status n.s.

Negative 45 12 (27)

Positive 253 70 (28)

PR status n.s.

Negative 53 11 (21)

Positive 245 71 (29)

HER2 status n.s.

Negative 232 69 (30)

Positive 52 12 (23)
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group, additional BM slides were stained using the M30

antibody (Roche Applied Science, Mannheim, Germany)

and analyzed by use of the APAAP kit detection method

as described above. The M30 antibody reacts with a neo-

epitope expressed only after caspase cleavage of cytokera-

tin 18 during early apoptosis [15]. M30 antibody does not

bind intact, full-length cytokeratin 18 in viable or necrotic

cells and can, therefore, be used specifically to recognize

apoptotic cells [16]. Identification of apoptotic DTC was

based on positive M30 staining and cytomorphological cri-

teria as described elsewhere [17-19]. MCF-7 cells treated

with sodium azide served as a positive control; untreated

MCF-7 cell line and leukocytes from healthy volunteers

were used as a negative control. Figures 1 and 2 show

M30 and pan-cytokeratin staining.

Statistical analysis

The chi-squared test was used to evaluate the association

between apoptotic DTC and clinicopathological factors.

Statistical analysis was performed by SPSS (version 19).

Values of p < 0.05 were considered statistically significant.

Survival intervals were measured from the time of BM bi-

opsy until death or the first diagnosis of relapse. Relapse

was defined as either local recurrence or distant metasta-

sis. Survival was calculated using Kaplan-Meier method

and compared by the log-rank test.

Results
Patients characteristics

A total of 383 DTC positive breast cancer patients were

included in this study. Two-hundred ninety-eight patients

underwent breast surgery first. 204 out of 298 patients

(68%) had T1 tumors and 214 (71%) were node negative.

The most common histological tumor type was invasive

ductal carcinoma. Estrogen and progesterone receptor

status were positive in 85% and 82% of these patients, re-

spectively. Fifty-two of 284 (18%) patients had HER2 posi-

tive tumors. Clinical data of this group are summarized in

Table 1. Eighty-five patients were treated with PST. The

majority of these patients was premenopausal (48 of 85

cases). 22% achieved pathological complete response after

chemotherapy while 53% responded partially. Stable dis-

ease was observed in 19% of patients whereas 6% of pa-

tients (5 cases) developed progressive disease (Table 3).

Clinical data of patients treated with PST are summarized

in Table 2.

Presence of apoptotic DTC in patients treated with

primary surgery

In eighty-two of 298 (27%) patients with pan-cytokeratin

positive DTC in BM who underwent primary surgery

additional apoptotic DTC could be detected. No correl-

ation could be found between positive M30 status and

any established prognostic factors, including tumor size,

lymph node status, hormone receptor status or grading.

Presence of apoptotic DTC in patients treated with PST

Forty-one of 85 (48%) patients had additional M30 positive

DTC after completion of PST. Patients with apoptotic DTC

were less likely to have nodal metastasis (35% vs. 64%; p =

0.007). No significant correlation could be observed be-

tween the positive M30 status of DTC and other clinico-

pathological factors. The presence of apoptotic DTC was

associated with response to PST. M30 positive cells were

found in 63% of patients with complete remission, 53%

with partial remission and 31% with stable disease, respect-

ively. None of the patients with progressive disease had

M30 positive DTC (p = 0.034; Table 3).

Table 2 Clinical data for patients who underwent

neoadjuvant therapy

n M30 positive DTC p-value

N = 85 (%)

Total 85 41 (48)

Menopausal status n.s.

Premenopausal 48 20 (42)

Postmenopausal 37 21 (57)

Tumor size n.s.

ypT0 19 12 (63)

ypT1 31 13 (42)

ypT2-4 35 16 (46)

Nodal status 0.007

ypN negative 39 25 (64)

ypN positive 46 16 (35)

Histology n.s.

Ductal 66 32 (49)

Lobular 15 7 (47)

Others 4 2 (50)

Grading n.s.

I/II 67 34 (50)

III 18 7 (39)

ER status n.s.

Negative 28 15 (54)

Positive 57 26 (46)

PR status n.s.

Negative 27 17 (63)

Positive 58 24 (41)

HER2 status n.s.

Negative 66 31 (47)

Positive 19 10 (53)
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Survival analysis

The median follow-up was 44 months (range: 10–88

months). 32 of 383 patients were diagnosed with relapse

(either local recurrence or distant metastasis) and 28 died

during follow-up. Clinical outcome data are summarized

in Table 4.

Survival analysis of neoadjuvant patients

Thirteen of 85 neoadjuvant patients (15%) presented

with relapse during follow-up. Patients with additional

M30 positive DTC were less likely to suffer from relapse

than patients with only non-apoptotic DTC (7% vs. 23%;

p = 0.049). However, the association between disease-free

interval and M30 status of DTC assessed by Kaplan-Meier

analysis did not reach statistical significance (p = 0.128;

70 months, 95% CI: 63–78 months vs. 81 months, 95% CI:

74–87 months). Seven of 85 neoadjuvant patients (8%)

died during follow-up. No correlation could be found be-

tween M30 status of DTC and overall survival in this

group of patients.

Survival analysis of patients treated with primary surgery

Twenty-one out of 298 (7%) patients in this group died

during follow-up. The overall survival was significantly

shorter among patients with M30 positive DTC as com-

pared to M30 negative patients (75 months, 95% CI: 68–

81 months vs. 84 months, 95% CI: 81–86 months; p =

0.008). However, there was no association between dis-

ease free survival and M30 status (83 months in M30

positive patients, 95% CI: 80–85 months vs. 78 months

in M30 negative patients, 95% CI: 73–84 months; p >

0.05). Figure 3 shows the Kaplan-Meier analysis of over-

all survival in patients who underwent primary surgery.

Discussion
The presence of DTC in BM of patients with primary breast

cancer is an independent prognostic factor associated with

poor clinical outcome [1]. Although this phenomenon can

be seen in 30-40% of breast cancer patients, only a minority

of DTC positive patients will develop distant metastasis in

course of disease (“metastatic inefficiency”).

The aim of the present study was to evaluate the inci-

dence and prognostic relevance of apoptotic DTC in

breast cancer patients. We focused on two subsets of pa-

tients: 1) untreated patients whose bone marrow status

was assessed at the time of primary surgery, and 2) pre-

treated patients after completion of neoadjuvant cyto-

toxic therapy.

Figure 1 M30 control stainings (A) Cluster of M30 positive apoptotic MCF-7 cells with leukocytes in the background (positive control)

(B) Leukocytes from healthy volunteers (negative control) (C) Cluster of M30 negative viable MCF-7 cells with leukocytes in the

background (negative control).

Figure 2 Pan-cytokeratin and M30 staining of DTC from primary breast cancer patients. (A) A45–B/B3 positive viable DTC from a primary

breast cancer patient (B) M30 positive apoptotic DTC from a primary breast cancer patient. The typical morphology of a tumor cell can be recognized

(positive cytokeratin-staining, large nucleus, high nuclear to cytoplasmic ratio, nucleus partially covered by cytokeratin staining, nucleus granular).
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Clinical relevance of apoptotic DTC in untreated patients

at time of primary surgery

M30 antigen is an early apoptotic marker of epithelial

cells, detectable after caspase cleavage of cytokeratin 18.

This antibody was used in our study to assess the apop-

totic status of DTC in 298 patients who received no treat-

ment prior to surgery. Patients with apoptotic DTC had a

significantly shorter overall survival compared to patients

with only non-apoptotic DTC (75 months vs. 84 months,

p < 0.008). This seems not conclusive, since apoptotic

DTC are generally assumed to result from a phenomenon

described as “metastatic inefficiency”. According to this

conceptual model, only a small percentage of tumor cells

are able to survive and persist at secondary homing sites.

Large numbers of cancer cells are shed from the primary

site into the systemic circulation; only a small subset will

give rise to overt metastases. To successfully reach and

colonize a secondary site, a tumor cell must complete a

series of steps (metastatic cascade): migration from the

primary tumor, intravasation into the blood stream, sur-

vival of the vigorous passage in blood, extravasation, and

development of micrometastases in distant organs [20].

Failure in any one of these steps leads to elimination of

tumor cells; 99,9% of shed cells are thought to perish dur-

ing the process, while only a minor subpopulation attains

metastatic capacity [21]. The key regulatory points that

contribute to metastatic inefficiency remain unclear; initi-

ation of apoptosis has been assumed to be a major compo-

nent of this mechanism. Yet, in our study apoptotic status

of DTC in bone marrow in untreated patients resulted in

significantly worse survival.

In the past decades, major research efforts have been

conducted to study the role of apoptosis in the primary

tumor [10,22]. The association between apoptosis rates

and cell proliferation is well established; increased apop-

tosis reflects a high cell turnover in the tumor. In breast

cancer, high levels of apoptosis correlate with enhanced

cellular proliferation and biological markers of increased

malignancy, such as negative hormone receptor status,

high histological grade, HER2 overexpression, positive

lymph nodes, tumor aneuploidy and a decreased expres-

sion of bcl-2 protein [10,23,24]. Furthermore, high apop-

totic counts are associated with shortened disease-free

and overall survival [9,10,24]. Similar observations were

made in other solid tumors, including prostate and blad-

der cancer [25,26]. These data seem to disprove the con-

cept that the elimination of apoptosis in tumor cells is a

necessary condition for autonomous uncontrolled cancer

growth. On the contrary, an enhanced rate of spontan-

eous apoptosis in the primary tumor is an indicator of

high proliferation and negative prognostic markers.

Clinical relevance of therapy-induced apoptosis in DTC

Over the last two decades, neoadjuvant systemic therapy

(NST) has become the standard treatment strategy for lo-

cally advanced breast cancer, conducted primarily to en-

hance the possibility of breast-conserving surgery [27].

Beyond this indication NST offers the additional possibil-

ity to test in vivo the chemosensitivity of the primary

tumor [28]. The pathological response to NST is associ-

ated with favorable clinical outcome and is considered by

some as a surrogate marker for complete eradication of

micrometastatic disease. However, up to 25% of patients

who achieve complete pathological remission will suffer

relapse within five years of diagnosis, suggesting subclin-

ical persistence of isolated tumor cells beyond systemic

treatment.

We reported previously a high incidence of persistent

DTC after NST [3]. Since apoptosis is the main mechan-

ism of chemotherapy-induced disease regression [29], we

aimed to assess the apoptotic status of DTC in patients

who received neoadjuvant therapy. In 41 out of 85 (48%)

DTC positive patients additional apoptotic tumor cells

were detected after therapy. Compared to patients with

only viable DTC, patients with apoptotic DTC responded

better to therapy, reaching complete or partial remission

in 88% (vs. 64% in the M30-negative group, p = 0.034).

Table 3 Apoptotic DTC and clinical response to

neoadjuvant chemotherapy

N (%) M30 positive DTC %

Total 85 (100) 41 48

Complete remission 19 (22) 12 63

Partial remission 45 (53) 24 53

Stable disease 16 (19) 5 31

Progressive disease 5 (6) 0 0

Table 4 Survival analysis of patients depending on M30

status of DTC

Patients with
primary surgery

Patients with NST

N 298 85

Deaths 21 7

M30 positive 10/82 (12%) 4/41 (10%)

M30 negative 11/216 (5%) 3/44 (7%)

P 0.032 n.s.

Overall survival*

(M30 positive vs M30 negative) 0.008 n.s.

Relapses† 19 13

M30 positive 7/82 (9%) 3/41 (7%)

M30 negative 12/216 (6%) 10/44 (23%)

P n.s. 0.049

Relapse free survival* n.s. 0.128

(M30 positive vs M30 negative)

*Calculated by log-rank test. † Including local recurrence and distant metastases.
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Moreover, additional apoptotic cells in BM were signifi-

cantly associated with negative nodal status after comple-

tion of neoadjuvant treatment but not with any other

clinicopathological factor. Pathological response of the pri-

mary tumor and lymph nodes metastases was therefore

reflected by changes in tumor cells in secondary sites, such

as bone marrow. Further, patients with positive M30-status

were less likely to suffer from a relapse (p = 0.049). This is

in accordance with clinical studies: patients who achieve

complete pathological response to neoadjuvant treatment

regime perform favorably with regard to overall and

disease-free survival [30]. In addition, patients converted to

node negative disease after neoadjuvant treatment have

high survival rates, despite residual tumor in the breast

[31]. These data indicate that in these patients apoptotic

tumor cells are associated with therapy response.

Conclusions
Although the observations made in primary tumors can-

not be directly extrapolated to DTC in secondary sites,

our data suggest that high level of spontaneous apop-

tosis in minimal residual disease (MRD) is an indicator

of poor prognosis. Hypothetically, if the presence of

apoptotic DTC reflects an active status of MRD; accord-

ingly, dormant (inactive) tumor cells would appear as

non-apoptotic. In contrast, therapy-induced apoptosis

of DTC was correlated to pathological response of the

tumor and may be regarded as a favorable event. Our

data demonstrate for the first time that the biological

significance of apoptotic status of DTC is contingent

on whether the apoptosis occurs spontaneously or was

induced by treatment.
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Abstract

Background: The prognostic relevance of circulating tumour cells (CTCs) in metastatic breast cancer (MBC) patients

has been confirmed by several clinical trials. However, predictive blood-based biomarkers for stratification of

patients for targeted therapy are still lacking. The DETECT studies explore the utility of CTC phenotype for treatment

decisions in patients with HER2 negative MBC. Associated with this concept is a plethora of translational projects

aiming to identify potential predictive biomarkers. The androgen receptor (AR) is expressed in over 70% of

hormone receptor-positive and up-to 45% of triple-negative tumours. Studies has indicated the promising nature of

AR as a new therapy target with a clinical benefit rate for anti-AR treatment in MBC patients up to 25% The aim of

this analysis was the characterization of CTCs regarding the expression of the AR using immunofluorescence.

Methods: MBC patients were screened for the HER2-status of CTCs in the DETECT studies. In a subset of CTC-

positive patients (n = 67) an additional blood sample was used for immunomagnetic enrichment of CTCs using the

CellSearch® Profile Kit prior to transfer of the cells onto cytospin slides. Establishment of immunofluorescence

staining for the AR was performed using prostate cancer cell lines LNCaP and DU145 as positive and negative

control, respectively. Staining of DAPI, pan-cytokeratin (CK) and CD45 was applied to identify nucleated epithelial

cells as CTCs and to exclude leucocytes.

Results: Co-staining of the AR, CK and CD45 according to the above mentioned workflow has been successfully

established using cell lines with known AR expression spiked into the blood samples from healthy donors. For this

translational project, samples were analysed from 67 patients participating in the DETECT studies. At least one CTC

was detected in 37 out of 67 patients (56%). In 16 of these 37 patients (43%) AR-positive CTCs were detected. In

eight out of 25 patients (32%) with more than one CTC, AR-positive and AR-negative CTCs were observed.

Conclusion: In 43% of the analysed CTC samples from patients with MBC the AR expression has been detected.

The predictive value of AR expression in CTCs remains to be evaluated in further trials.
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Background

Breast cancer (BC) is the most common malignancy in

women, with almost 1.7 million new cases diagnosed per

year [1]. While localized disease has become increasingly

treatable, with an average 5-year survival rate of approxi-

mately 90%, metastatic breast cancer (MBC) still carries

a very poor prognosis. Despite a complete removal of

the tumour and adequate systemic treatment, 25–30% of

primary BC patients suffer from a distant recurrence

during the follow-up, making metastatic BC the second

leading cause of cancer-related death among women

worldwide [1–3]. Therefore, novel therapeutic targets

and innovative systemic treatment approaches in MBC

are still desperately required. The androgen receptor

(AR) is a ligand-dependent transcription factor belong-

ing to the nuclear steroid hormone receptor family, thus

sharing several features with the oestrogen (ER) and pro-

gesterone receptors. In its unbound state, the AR is lo-

cated in the cytoplasm in complex with heat shock

protein 90 and other chaperone proteins. Upon ligand

stimulation, the AR undergoes dimerization and translo-

cates to the nucleus, where it regulates transcription by

binding to target genes [4–6]. AR expression has been re-

ported in over 70% of all primary BCs and it is more

often detected in ER-positive than in ER-negative

tumours. However, up to 45% of triple negative BC pa-

tients express the AR [7–14]. The role of the AR in BC

has not yet been completely elucidated and seems to de-

pend on tumour subtype. Several in vitro studies have

shown a divergent effect of androgens on cell prolifera-

tion in BC cell lines [15, 16]. In the presence of ERα, the

AR can either have proliferative or anti-proliferative ac-

tivity, depending on the level of the co-expressed ERα

and the availability of the respective ligand [17–19],

Moreover, an AR-overexpression in HR-positive BC has

been shown to be associated with resistance to tamoxi-

fen, which may be reversed by an anti-androgen treat-

ment [20]. In contrast, in HER2-positive and triple

negative BC a proliferative function of the AR seems to

be consistent [21]. The above indicates a strong rationale

to explore AR expression as a therapeutic target in all

subtypes of BC. Anti-AR treatment has recently been

evaluated in two multicentre phase II studies on MBC

patients showing promising results with a clinical benefit

rate of up to 25% [22, 23]. The ongoing trials on anti-

androgen treatment in breast cancer are summarized in

Table 1. However, none of these trials included the AR-

status of CTCs for stratification. Circulating tumour

cells (CTCs) can be detected in approximately 40–80%

of MBC patients and predict impaired clinical outcome

Table 1 Ongoing trials on anti-androgen treatment in breast cancer

Study Status Estimated
Enrollment

Condition Intervention Primary Endpoint

NCT00468715 (Phase II) non-
randomized

Active, not
recruiting

28 AR+/HR- MBC • Bicalutamide CBRa (observed CBR of
19% [22])

NCT01889238 (Phase II) non-
randomized

Active, not
recruiting

118 AR+/ triple negative
ABC

• Enzalutamide CBR (observed CBR of
25% [24])

ENDEAR trial NCT02929576
(Phase III)

withdrawn 780 Triple negative ABC • Enzalutamide vs
• Paclitaxel vs
• combination

PFS

NCT02750358 (phase II) non-
randomized, single agent

Active, not
recruiting

200 AR+ / triple negative
ESBC

• Enzalutamide treatment
discontinuation rate/
feasibility

NCT02689427 (phase IIb) non-
randomized

recruiting 37 AR+ / triple negative
ESBC

• Enzalutamide plus Paclitaxel in
neoadjuvant setting

PCR rate

NCT02007512 (phase II)
randomized

Active, not
recruiting

247 HR+ HER2- ABC • Exemestan +/− Enzalutamide PFS

NCT02463032 (Phase II)
randomized

Active, not
recruiting

88 ER+/AR+ ABC • GTx-024 (Enobosarm)
• SARM
• 9 vs. 18 mg.

CBR

NCT01990209 (phase II) non-
randomized

Active, not
recruiting

86 HR+/AR+ or triple
negative /AR+ MBC

• TAK-700 (orteronel) a nonsteroi-
dal inhibitor of CYP17A1

RRb

DCRc

NCT02067741 SAKK21/12
(Phase II) non- randomized

active, not
recruiting

90 HR+/HER2- or triple
negative/ AR+ ABC

• transdermal CR1447 (4-OH-
testosterone)

DCR

NCT02091960 (Phase II) non-
randomized

Active, not
recruiting

103 HER2 + /AR + ABC • Enzalutamide + trastuzumab CBR

AR androgen receptor, ER oestrogen receptor, PR progesteron receptor, HR hormone receptor, HER2 human epidermal growth factor receptor 2:, CBR Clinical

benefit rate, a defined as proportion of patients with stability, partial response and complete response assessed by RECIST v1.1 criteria, PFS progression free

survival, ESBC early stage breast cancer, SARM selective androgen receptor modulator, ABC advanced breast cancer (metastatic or locally advanced), RR responder

rate, b defined as the percentage of complete and partial responders (CR + PR) assessed by RECIST v1.1 criteria, DCR disease control rate, c defined as the

percentage of patients who do not exhibit progression
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[25]. Beyond their prognostic significance, CTCs may

serve as a “liquid biopsy”, since their expression profile

is assumed to most adequately reflect the phenotype of

the presently dominant tumour cell population in meta-

static disease. Moreover, a CTC phenotype may poten-

tially predict the response to treatment, thereby making

these cells not only a valuable source of cancer material

but also a potential target for a therapeutic intervention

[26]. The clinical utility of CTCs in driving treatment

decisions is currently being evaluated within the DE-

TECT studies [27]. The aim of the present substudy was

to evaluate the AR status of CTCs in a cohort of MBC.

Methods

Patient material

Blood samples from 67 MBC patients, screened within

the German DETECT III/IV trials (III: NCT01619111,

IV: NCT02035813) between 2012 and 2017 for the

HER2-status of CTCs, were eligible for this analysis (for

more information: www.detect-studien.de). DETECT III/

IV study trial is a multicenter study program for patients

with HER2-negative MBC and circulating tumor cells.

The main objective of this study is to evaluate the effi-

cacy of personalized breast cancer therapy based on the

presence and phenotype of CTCs. The flow chart of our

substudy is presented in Fig. 1. Written informed con-

sent was obtained from all participating patients and the

study was approved by the Ethical Committee of the

Eberhard Karls University of Tuebingen (responsible for

DETECT III: 525/2011AMG1) and the local Ethical

Committee of the Heinrich Heine University of Duessel-

dorf (DETECT III: MC-531; DETECT IV: MC-LKP-

668).

CTC enrichment and cytospin preparation

Blood samples were drawn into 10ml CellSave tubes

(Menarini Silicon Biosystems), maintained at room

temperature and processed within 72 h after collection. The

CellSearch® Epithelial Cell Kit (Menarini Silicon Biosys-

tems) was used routinely for enrichment and enumeration

of CTCs as described previously [28]. In a subset of CTC-

positive patients an additional blood sample was processed

using the CellSearch® Profile Kit (Menarini Silicon Biosys-

tems) to enrich tumour cells expressing the epithelial cell

adhesion molecule (EpCAM) immunomagnetically without

further labelling or enumerating the cells. 10mL of blood

from the CellSave Preservative Tube was transferred into a

correspondingly labelled 15mL CELLSEARCH® Conical

Centrifuge Tube with 6.5mL of dilution buffer, consisting

of phosphate buffered saline (PBS), 0.5% bovine serum al-

bumin and 0.1% sodium azide. The sample was centrifuged

at 800 x g for 10min at room temperature and processed

on the CELLTRACKS® AUTOPREP® System within 1 h.

The magnetic incubation steps were performed and the

vast majority of leukocytes and other blood components

were depleted from the final sample. Using a ROTOFIX 32

A centrifuge (800 rpm, 2min; Hettich GmbH & Co.KG,

Tuttlingen, Germany) 400 μl of the white blood cell-

depleted cell suspension were spun onto a glass slide. The

slides were air-dried overnight at room temperature and

stored at − 20 °C. One to two cytospins per patient was ana-

lysed for AR-positive CTCs. Control cytospins with AR-

positive LNCaP cells and AR-negative Du145 cells mixed

with peripheral blood mononuclear cells (PBMCs) from a

healthy volunteer were similarly prepared, stored and fixed.

Androgen receptor staining

Cytospins were thawed at room temperature in a humid

chamber for approximately 20 min and fixed with Cell-

Save (Veridex, Warren, NJ, USA) for 10 min. After an

initial wash step with PBS (Sigma, Munich, Germany),

cells were permeabilized with PBS containing 0.1% Tri-

ton X-100 for a period of 10 min prior to blocking with

Protein Block solution (DAKO, CA, USA) for another

10 min. The immunofluorescence stainings were per-

formed using the Androgen Receptor (D6F11) XP rabbit

monoclonal antibody (1:100, Cell Signaling Technologies

Inc., Cambridge UK) and the pan-cytokeratin (CK) anti-

body (C11) directly conjugated to fluorescein isothio-

cyanate (FITC) (1:100, Sigma, Munich, Germany) for 60

min. Cytospins were subsequently incubated with a sec-

ondary donkey anti-rabbit antibody, labelled with Alexa

Fluor 594 (1:500, Invitrogen Molecular Probes, Carlsbad,

CA, USA) and an Alexa Fluor 647-conjugated CD45
Fig. 1 Flow chart of the trial process
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antibody (35-Z6) (1:20, Santa Cruz Biotechnology, Dal-

las, TX, USA) for 30 min. Nuclear DNA staining was

performed with 4′6-diamidino-2-phenylindole (DAPI) in

mounting media (Vector Laboratories, Burlingame, CA,

USA). Preparations of the prostate cancer cell line

LNCaP mixed with PBMCs from a healthy volunteer

served as a positive control for CK and AR staining. The

AR-negative control slides of Du145/PBMC mixtures

were also included with each batch of samples. CK posi-

tive, CD45 negative cells that contained an intact nu-

cleus (DAPI positive) were identified as CTCs. Positive

and negative control stainings are shown in Fig. 2.

Statistical analysis

The chi-squared test was used to evaluate the associ-

ation between CTCs and clinicopathological factors.

Statistical analysis was performed by SPSS (version 25).

Values of p < 0.05 were considered statistically

significant.

Results

Patients` characteristics

Peripheral blood from 67 MBC patients screened for

participation in the DETECT trial were eligible for this

study. 55 patients (82%) had hormone receptor (HR)-

positive/HER2-negative tumours, two cases (3%) had im-

munohistochemistry stainings indicating HR-positive/

HER2-positive disease, and 10 patients (15%) had a triple

negative breast cancer (TNBC). In 26 patients (40%) the

blood draw was performed prior to the first line therapy

for metastatic disease. The remaining 41 patients (60%)

had progressive metastatic disease at blood sampling.

The clinical data of the patients are summarized in

Table 2.

CTC detection and AR expression in CTCs

At least one CTC was detected in 37 patients (56%). The

CTC count ranged from 1 to 101 cells. In 16 out of the

37 CTC-positive patients (43%), AR-positive CTCs could

be detected. The percentage of AR-positive CTCs among

Fig. 2 Androgen receptor (AR) control stainings (a) CD45 positive control staining (leucocyte) (b) AR isotype control staining (LNCaP) (c) Du145

prostate cancer cell line (negative control) (d) LNCaP prostate cancer cell line (positive control)
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CTCs detected per patient ranged from 0 to 100% (mean

35.5, 95%-CI: 21.4–49.6%). In 5 out of 16 patients (31%)

with AR-positive CTCs, the AR was localized in the nu-

cleus whereas in 10 patients (62.5%) the AR signal was

detected in the cytoplasm. Both nuclear and cytoplasmic

localization were observed in only one patient (6.5%).

Heterogenic AR localization in CTCs is depicted in

Fig. 3. Among the 25 patients with more than one CTC,

14 had only AR-negative CTCs, and 3 had only AR-

positive CTCs. In the remaining 8 patients (32%), AR-

positive and AR-negative CTCs could be detected and

the AR-positivity rate ranged from 12 to 83%. The

characteristics of CTC-positive patients are demon-

strated in Table 3.

Discussion

There is growing evidence on the potential role of an-

drogens and the AR in the pathogenesis of breast cancer.

The majority of ER-positive breast cancers and up to

45% of TNBC express the AR in tumour tissue, making

this biomarker an interesting therapeutic target [7–14].

AR targeting drugs, like bicalutamide or enzalutamide,

are currently being evaluated in clinical trials focussing

on AR-positive MBC, with favourable clinical benefit

Table 2 Clinical data of patients

n N = 67 CTC positive (%) p-value AR-positive CTC (%) p-value

Total 67 37 (55) 16 (43)

Menopausal status 0.40 0.68

premenopausal 12 7 (58) 4 (57)

postmenopausal 53 28 (53) 11 (39)

unknown 2 2 (100) 1 (50)

Line of treatment 0.75 0.30

1st 26 15 (58) 8 (53)

≥ 2nd 41 22 (54) 8 (36)

IHC tumour type 0.94 0.56

TNBC 10 6 (60) 2 (33)

HR+/HER2- 55 30 (54) 14 (47)

HR+/HER2 + a 2 1 (50) 0

Site of metastasis 0.65 0.44

bone only 14 8 (57) 4 (50)

other site 52 28 (54) 11 (39)

unknown 1 1 (100) 1 (100)

ascreening failure

Fig. 3 androgen receptor (AR) staining of CTCs in metastatic breast cancer patients (a) AR-positive nuclear staining (b) AR-positive

cytoplasmic staining
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Table 3 Characteristics of CTC-positive patients

Patient Menopausal
status

IHC tumour
type

Number of previously received
treatment linesa

Metastatic site CTC
count

AR positive CTC
(%)

AR localization

1 postmenopausal HR+ HER2- 1 bone visceral 101 84 (83) cytoplasm/
nucleus

2 premenopausal HR+ HER2- 0 bone 13 7 (54) cytoplasm

3 postmenopausal HR+ HER2- 2 bone visceral 10 3 (30) cytoplasm

4 postmenopausal HR+
HER2-

2 bone 9 0 (0) –

5 premenopausal TNBC 0 bone visceral 8 1 (12) cytoplasm

6 premenopausal HR+ HER2- 0 bone 7 7 (100) nucleus

7 unknown HR+ HER2- 0 unknown 4 3 (75) cytoplasm

8 postmenopausal HR+ HER2- 4 bone visceral 4 3 (75) cytoplasm

9 postmenopausal HR+ HER2- 0 bone 3 1 (33) cytoplasm

10 postmenopausal HR+ HER2- 7 bone 3 3 (100) cytoplasm

11 postmenopausal HR+ HER2- 0 visceral 3 3 (100) cytoplasm

12 postmenopausal HR+ HER2- 3 bone visceral 3 0 (0) –

13 postmenopausal HR+ HER2- 4 bone visceral 3 0 (0) –

14 postmenopausal HR+ HER2- 1 bone visceral 3 0 (0) –

15 unknown HR+ HER2+ 2 visceral 3 0 (0) –

16 premenopausal HR+ HER2- 0 bone lymph
nodes

3 0 (0) –

17 premenopausal TNBC 1 bone visceral 2 1 (50) nucleus

18 postmenopausal HR+ HER2- 1 bone 2 0 –

19 postmenopausal HR+ HER2- 2 bone visceral 2 0 –

20 postmenopausal HR+ HER2- 2 bone visceral 2 0 –

21 postmenopausal TNBC 0 visceral 2 0 –

22 postmenopausal HR+ HER2- 2 bone lymph
nodes

2 0 –

23 postmenopausal HR+ HER2- 2 bone 2 0 –

24 postmenopausal HR+ HER2- 1 bone visceral 2 0 –

25 premenopausal HR+ HER2- 0 bone 2 0 –

26 postmenopausal HR+ HER2- 1 bone visceral 1 1 (100)- nucleus

27 postmenopausal HR+ HER2- 0 bone visceral 1 1 (100) nucleus

28 postmenopausal HR+ HER2- 3 bone visceral 1 1 (100) cytoplasm

29 postmenopausal HR+ HER2- 0 Lymph nodes 1 1 (100) nucleus

30 postmenopausal HR+ HER2- 7 Bone lymph
nodes

1 1 (100) cytoplasm

31 postmenopausal HR+ HER2- 0 visceral 1 0 –

32 postmenopausal HR+ HER2- 0 bone visceral 1 0 –

33 premenopausal TNBC 1 visceral 1 0 –

34 postmenopausal HR+ HER2- 0 visceral 1 0 –

35 postmenopausal HR+ HER2- 0 visceral 1 0 –

36 postmenopausal TNBC 1 bone visceral 1 0 –

37 postmenopausal TNBC 2 visceral 1 0 –

afor metastatic disease
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rates of up to 25% being obtained [22, 24]. However, since

AR expression is not routinely assessed on BC tissue, AR

expression status of MBC is mostly unknown. Archived

primary tumour tissue or a direct biopsy of the metastatic

lesion is required to assess the AR expression status in

cases where an AR-targeted therapy is considered [22, 24].

In light of this, CTCs might serve as a ‘liquid biopsy’ and

an attractive non-invasive alternative to the biopsy of a

metastasis [29]. We established a triple immunofluores-

cence staining for the AR in CTCs and show that AR-

positive CTCs can be detected in the peripheral blood of

MBC patients. These findings are concordant with re-

cently published data by Fujii et al. [30]. We used the

EpCAM-based CellSearch® Profile kit for CTC detection

to facilitate the identification of only tumour cells of epi-

thelial origin. CTCs were further identified by direct visu-

alisation of CK-positive, CD45-negative cells that

contained an intact nucleus (DAPI positive). In our study,

16 out of 37 CTC-positive MBC patients (43%) also

yielded AR-positive tumour cells in the peripheral blood.

This positivity rate is higher than in the study by Fujii

et al., where 23% AR-positive CTCs were detected in

CTC-positive MBC patients [30]. This discrepancy may be

due to differences in patient characteristics. The majority

of patients included in our trial had HR-positive disease

(57/67 patients (85%) compared to only 43/68 patients

(63%) in the Fujii et al. study) and this subtype has been

previously reported to be more likely to express AR [7, 14,

30]. The AR positivity rate of CTCs in our small MBC co-

hort amounted 43%. However, this positivity rate is lower

than that reported for primary breast cancer tissue [7–14],

which raises the question whether the AR status of CTCs

coincides with that of the primary tumour. In the study by

Fujii et al., three out of seven patients (43%) demonstrated

AR-positive CTCs despite AR-negative primary tumours

[30]. Phenotypic differences between the primary tumour,

metastatic lesions and CTCs, with regard to other predict-

ive factors such as ER or HER2, are a known phenomenon

[28, 31–34]. Rocca et al. reported an overall concordance

rate of 65% for AR expression between primary tumours

and metastases [35]. Due to the lack of available tumour

tissue (most of the patients were initially treated outside

our centre), no comparison of the AR status between the

CTCs and the corresponding tumour or metastatic lesion

could be performed in our patients collective. However, as

CTCs are an accepted non-invasive liquid biopsy [29], we

hypothesize that the detection of AR-positive CTCs in

MBC patients could be useful as a predictive factor for

anti-AR treatment. The efficacy of targeting the AR in

MBC patients with AR-positive CTCs need to be evalu-

ated in further studies. Contrary to previously published

analyses, we observed a heterogeneous localization of ARs

in CTCs, with five out of 16 patients showing only nuclear

AR staining and the majority (10 out of 16) only

cytoplasmic staining. Both, nuclear and cytoplasmic stain-

ing was observed in CTCs from one patient. Previous

studies defined AR positivity in the tumour tissue as a nu-

clear staining with a cut off value of ≥1% or ≥ 10% positive

tumour cells regardless of intensity [11, 22, 36, 37]. In the

analysis of the ARs in CTCs in BC patients, Fujii et al. also

only counted nuclear localization of the receptor as posi-

tive [30]. However, heterogeneous subcellular localization

of AR is a known phenomenon [5, 6]. Reyes et al. reported

a common cytoplasmic AR localization in CTCs in meta-

static castration-resistant prostate cancer patients [38].

The nuclear or cytoplasmic localization of the AR may re-

flect receptor activity, which mainly depends on the ab-

sence or presence of the ligand and was demonstrated to

vary between cell lines [39–41]. Androgen serum levels in

women are generally much lower than in men [42, 43],

possibly leading to the reduced activity of the AR in breast

cancer patients, which may explain the cytoplasmic

localization of the receptor in some cases. On the other

side, a postmenopausal status or an endocrine therapy

with aromatase inhibitors increase serum levels of andro-

gens in BC patients, which could result in AR activation

and nuclear translocation [44, 45]. Interestingly, only three

out of five patients presenting CTCs with exclusively nu-

clear AR localization were postmenopausal, compared to

nine out of ten patients with a solely cytoplasmic

localization. Of note is the fact that none of these five

cases received an aromatase inhibitor administration at

the time of blood draw. The one patient presenting with

both cytoplasmic and nuclear AR localization was a post-

menopausal woman treated with letrozole at the time of

sample collection. Another explanation of our findings

could be the genetic aberration of the AR resulting in an

impaired function of the receptor [46]. Specific mutations

of the AR gene can diminish or abolish its nuclear trans-

location abilities despite ligand binding. Mutations can

also cause constitutively active, nuclear-localised AR even

in the absence of the ligand [47]. Another possible reason

for cytoplasmic AR localization has been proposed by

Koryakina et al. [48]. In their trial on the cell cycle

dependent regulation of AR in prostate cancer cell lines, a

cytoplasmic localization of the receptor was shown to be

characteristic of mitotic cells [48]. This might explain the

relatively high rate of cytoplasmatic localized AR in our

study as mitotic CTCs seem to be a common event in ad-

vanced breast cancer [49]. Whether cytoplasmic ARs can

be targeted by anti-AR drugs remains to be clarified [38].

In the recent study by Kumar et al., the AR nuclear stain-

ing in BC was shown to have the highest accuracy in pre-

dicting the anti-androgen therapy response, however, with

a rather modest positive predictive value of 30% [50]. In

consideration of the above it is clear that the clinical rele-

vance of heterogeneous subcellular AR localization in

CTCs requires additional evaluative trials.
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Conclusion

The phenotypic characterization of CTCs, which might

serve as a real-time liquid biopsy, is gaining in import-

ance. This necessitates the identification of new predict-

ive markers for systemic treatment in patients with

MBC. The AR represents such a potential therapy target,

since it is being expressed in all BC subtypes. In the

present analysis we established a triple fluorescent stain-

ing of the AR in CTCs. The established robust method

allowed for the direct visualization of the tumour cell

and showed that AR-positive CTCs can be detected in

MBC patients. AR localization in CTCs can vary and

may be detected both in the nucleus and cytoplasm.

Whether AR-positive CTCs are suitable to serve as a

therapeutic biomarker and whether the pleiotropic AR

localization has an impact on the efficacy of anti-AR

agents in MBC, need to be explored in future trials.
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Abstract. Background/Aim: Detection of disseminated
tumor cells (DTCs) after systemic treatment predicts poor
prognosis in breast cancer patients. The aim of our study was
to assess the expression of stem-cell marker SOX2 on DTCs
and in the primary tumor of patients treated with neoadjuvant
chemotherapy (NAT). Materials and Methods: In 170 DTC-
positive patients after NAT an additional slide of bone
marrow aspirate was stained by double immunofluorescence
to detect SOX2-positive DTCs. The SOX2 status of the
primary tumor was assessed using the same antibody.
Results: The SOX2-status of DTCs was determined in 62
patients and 20 of those (32%) had SOX2 positive DTCs. The
SOX2 status of DTCs was not associated with any of the
clinicopathological factors. A total of 36% of the patients
with a SOX2-negative tumor showed SOX2-positive persistent
DTCs. Conclusion: SOX2-positive DTCs can be detected in
breast cancer patients after NAT, even in patients with SOX2-
negative primary tumors. This suggests that these populations
may have evolved independently of each other. 

In the past decade, neoadjuvant therapy (NAT) has become
a standard approach in breast cancer (BC) management and
is recommended if chemotherapy is indicated based on

clinical characteristics and tumor subtype (1). The original
aim of NAT was to reduce the size of inoperable or large
tumors, thus allowing complete surgical removal and, in
some cases, breast conservation (2). However, potential
advantages of NAT reach beyond tumor size reduction and
include in vivo evaluation of tumor sensitivity and
identification of non-responders, who can be spared of the
unnecessary toxicity of ineffective therapy (3, 4). Moreover,
residual tumor burden after NAT is an indicator of
unfavourable outcome in most subtypes of BC and may
guide the choice of further post-neoadjuvant treatment
strategies (5, 6). 

While NAT can induce a pathological complete response
(pCR) in up to 60% of BC patients, predicting the long-term
survival benefit, a relevant proportion of BC patients still
suffer from distant recurrence during follow up (6). The
presumed pathophysiology of metastatic relapse is based on
an early haematogenous spread of cells from the primary
tumor. These isolated tumor cells can be detected in peripheral
blood (circulating tumor cells, CTCs) or bone marrow (BM)
(disseminated tumor cells, DTCs) of patients with most solid
malignancies. In breast cancer, presence of CTCs and DTCs
has been confirmed as an independent unfavourable
prognostic factor for overall survival (OS) and disease-free
survival (DFS) (7-11). CTCs/DTCs are nowadays assumed to
be a surrogate marker for minimal residual disease (MRD) and
their eradication is one of key goals of systemic treatment in
non-metastatic BC (12, 13). Since DTCs can persist in
secondary homing sites after completion of cytotoxic
treatment, their further characterisation aiming at identifying
new therapeutic targets is of high clinical interest. 

There is a growing body of evidence that tumor progression
and metastasis formation can be traced to a small
subpopulation of tumor cells with stem-like features, usually
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referred to as cancer stem cells (CSCs) (14, 15). Several
studies have shown that these cancer-initiating or stem-like
cells persist beyond treatment with cytotoxic agents,
suggesting the development of effective mechanisms of
chemoresistance (16-19). In this context, it has been
hypothesized that at least some DTCs are in fact CSCs.
Several studies reported that DTCs with stem-like phenotypes
can be detected in the BM of primary BC patients (20-22).
Moreover, the presence of stem-like DTCs was shown to
predict unfavourable prognosis (22). However, the stem-like
features of DTCs persisting beyond neoadjuvant
chemotherapy have been scarcely investigated so far (21, 22). 

Sex-determining region Y (SRY)-Box2 (SOX2) is a key
member of the SOX transcription factor family and an
essential embryonic stem cell marker able to induce
pluripotency in human somatic cells (23, 24). An important
role of SOX2 as a stem cell marker in different human
malignancies including breast cancer has been reported
previously (25-29). A high expression of SOX2 has also been
demonstrated in breast cancer cells that have acquired
chemoresistance (30). The aim of this study was to assess
the expression of SOX2 in DTCs persistent after NAT in a
large cohort of patients with primary non-metastatic breast
cancer and to compare it with clinicopathological factors as
well as the SOX2 status of the primary tumor.

Patients and Methods

A total of 170 primary breast cancer patients treated from 2001 to
2011 at the Department of Obstetrics and Gynecology, University
of Tuebingen, Germany were eligible for this analysis. Non-
metastatic BC (T1-T4, N0-3, M0) patients, who received
intraoperative BM biopsy and were DTC-positive after completion
of NAT were included into the study. Patients with history of any
malignancy were excluded. This study was approved by the Ethical
Committee of the University of Tuebingen (307/2012R). Patient
characteristics are shown in Table I. Pathological complete response
(pCR) was defined as the absence of residual invasive cancer in the
breast and negative lymph node status after NAT (ypT0/ypTis
ypN0). The flow chart of the study is shown in Figure 1.

Collection and analysis of bone marrow. Between 10 and 20 ml of
BM were aspirated intraoperatively from the anterior iliac crest under
general anaesthesia and processed within 24 hours. All specimens
were obtained after written informed consent from patients. This
study was approved by the local ethical committee (307/2012R). BM
samples were separated by density centrifugation over Ficoll
(Biochrom, Germany) with a density of 1.077 g/ml. If necessary, red
blood cells were lysed with lysis buffer (155 mM NH4Cl, 10 mM
KHCO3, 0.1 mM EDTA pH 7.2). Using a cytocentrifuge (Hettich,
Tuttlingen, Germany), 1×106 mononuclear cells were spun onto a
glass slide and dried at the room temperature, overnight.  For each
patient, 2×106 cells were analyzed and the remaining slides were
stored at –20˚C. Slides were than fixed in a 0.5% neutral buffered
formalin solution for 10 min and were rinsed in phosphate-buffered
saline. Automatic immunostaining was performed on the DAKO
autostainer using the monoclonal mouse A45–B/B3 Pan-cytokeratin

antibody (Micromet, Munich, Germany), and the DAKO-APAAP
detection kit (DakoCytomation, Glostrup, Denmark) according to the
manufacturers’ instructions. Slides were automatically scanned using
the ACIS™ imaging system (ChromaVision, Medical Systems Inc.,
San Juan, Capistrano, CA, USA) and evaluated based on the
recommendations for standardized tumor cell detection as described
previously (31, 32). In a subset of DTC-positive patients one
additional slide per patient was analysed by immunofluorescence
double staining for the presence of SOX2-positive DTCs (1×106 cells
per patient). Control cytospins with SOX2-positive HT-29 cells were
prepared, stored and fixed in the same way.  

Immunofluorescence staining of SOX2. One additional slide was
thawed at room temperature in a humid chamber for approximately
20 min. After an initial washing step with PBS (Sigma, Munich,
Germany), cells were permeabilized with 0.1% Triton X-100 for 12
min and after being washed three times, blocked with normal
donkey serum (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
at a 1:10 dilution for 30 min. The automated double
immunofluorescence staining procedure was performed on the
DAKO Autostainer using the polyclonal goat Sox2-antibody (R&D
Systems, Inc., Minneapolis, MN, USA) at a 1:50 dilution for 60
min. Cytospins were simultaneously incubated with fluorescein
isothiocyanate (FITC) conjugated pan-cytokeratin antibody (C11)
(1:500, Sigma, Munich, Germany) for 30 min. Secondary detection
was performed with a donkey anti-goat antibody, labelled with
Alexa Fluor 594 (1:400, Invitrogen Molecular Probes, Carlsbad,
CA, USA) for 30 min. Vectashield mounting medium with DAPI
(Vector Laboratories, Burlingame, CA, USA) was used to stain
nuclei. Preparations of the colorectal cancer cell line HT-29 mixed
with PBMCs from a healthy volunteer served as a positive control
for CK and SOX2 staining. For the SOX2 negative control, all
conditions were kept the same, except that the primary antibody was
omitted. Additionally, cytospins of PBMCs with no added tumor
cells served as a negative control for both. Positive and negative
control staining is demonstrated in Figure 2.

Fluorescence microscopy. Slides were manually analysed for the
presence of tumor cells using a computerised fluorescence
microscope Axioplan 2 (×40 oil immersion objectives, Carl Zeiss
Micro Imaging GmbH, Göttingen, Germany). To screen for SOX2-
positive DTCs a single-pass filter for individual fluorochromes,
FITC, Texas Red or DAPI, and a triple-pass filter for
(FITC/TRITC/DAPI) were used. Immunostained cells were
evaluated based on the morphological criteria of the International
Society of Hematotherapy and Graft Engineering Working group for
standardisation of tumor cell detection and the consensus statements
(33, 34). Cytokeratin-positive cells that contained an intact nucleus
(DAPI positive) were identified as DTCs. DTCs with either
moderate or intense staining of the nucleus were considered SOX2
positive. Slides were evaluated by two, or in doubtful cases, three
independent investigators (TF, KJ and HN).

Immunohistochemical staining of the primary tumor. Immuno-
histochemical analysis was performed either on core biopsies or
surgical resection specimens according to the method described
previously by our group (35). Staining was performed on 3 to 5 μm
thick sections using DAB Map Detection Kit and heat-induced
antigen retrieval (HIER). The polyclonal goat SOX2 antibody (R&D
Systems, Inc.) was diluted 1:40 in DISCOVERY Antibody Diluent

ANTICANCER RESEARCH 41: 2849-2858 (2021)

2850



(Ventana) and applied according to the manufacturer’s instructions.
Secondary detection was performed with a rabbit anti-goat antibody
(Jackson ImmunoResearch, Inc., West Grove, PA, USA) at a 1:200
dilution. 3,3’diaminobenzidine (DAB) was used as a chromogen.
Finally, the slides were counterstained with haematoxylin and

mounted for examination. For assessment of the SOX2 status, the
percentage of cells with nuclear reactivity (score 0: none, 1: >0%
<10%, 2: >10% < 50%, 3: ≥50% <90%, 4: ≥90%) was determined
according to the score published by Pham et al. (36). Tumors with a
score of 1 or more were considered SOX2 positive.

Statistical analysis. A chi-squared test was used to evaluate the
relation between SOX2-positive DTCs and/or primary tumor and
clinicopathological factors. Statistical analysis was performed by
SPSS, version 24 (SPSS Inc., Chicago, IL, USA). Values of p<0.05
were considered statistically significant. 

Results

Patients’ characteristics. A total of 170 primary BC patients
were included in the analysis. The clinical data of patients
are listed in Table I. 86 out of 170 (51%) patients were
premenopausal. The most common histological tumor type
was invasive ductal carcinoma (83%). Estrogen and
progesterone receptor (ER, PR) status were positive in 57%
and 73% of these patients, respectively. 37 patients (22%)
had HER2-positive tumors. All patients were treated with
NAT. 38 out of 170 (22%) patients achieved pathological
complete response (pCR). 

SOX2 status of DTCs after NAT. SOX2 status of persistent
DTCs was determined in 62 patients after NAT. Among these
62 patients, SOX2-positive DTCs were detected in 20 cases
(32%; Table II, Figure 3). No significant correlation was
observed between SOX2 status of DTCs and any
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Table I. Clinical data of all patients included into the trial.

                                                                                        n
                                                                               N=170 (%)

Total                                                                              170
Menopausal status                                                           
  Premenopausal                                                       86 (51)
  Postmenopausal                                                      84 (49)
Tumour size before NAT                                                
  cT1                                                                            2 (1)
  cT2                                                                          82 (48)
  cT3                                                                          43 (25) 
  cT4                                                                          38 (22)
  unknown                                                                  5 (3)
Tumor size after NAT                                                     
  ypT0/ypTis                                                             44 (26)
  ypT1                                                                       66 (39)
  ypT2-4                                                                    60 (35) 
Nodal status before NAT                                                
  Negative                                                                  49 (29)
  Positive                                                                  117 (69)
  Unknown                                                                  4 (2)
Nodal status after NAT                                                   
  ypN0                                                                       89 (52)
  ypN+                                                                       81 (48)
Pathologic response                                                        
  pCR                                                                         38 (22)
  non-pCR                                                                132 (78)
Histology                                                                         
  Ductal                                                                    141 (83)
  Lobular                                                                   26 (15)
  Others                                                                        3 (2)
Grading                                                                            
  I/II                                                                          114 (67)
  III                                                                            56 (33)
ER status                                                                         
  Negative                                                                  73 (43)
  Positive                                                                   97 (57)
PR status                                                                          
  Negative                                                                  46 (27)
  Positive                                                                  124 (73)
HER2 status                                                                     
 Negative                                                                 133 (78)

  Positive                                                                   37 (22)
IHC subtype                                                                    
  HR+/HER2–                                                           92 (54)
  HR+/HER2+                                                           19 (11)
  HR–/HER2+                                                           18 (11)
  TNBC                                                                     41 (24)

ER: Estrogen receptor; HER2: human epidermal growth factor receptor
2; PR: progesterone receptor; IHC: immunohistochemistry; TNBC:
triple negative breast cancer, NAT: neoadjuvant treatment; pCR:
pathological complete response.

Figure 1. Study flow chart. DTC: Disseminated tumor cell, AB:
antibody, IHC: immunocytochemistry, NAT: neoadjuvant therapy.



clinicopathological characteristics. SOX2 status of DTCs
persisting beyond NAT was not associated with pathological
response to treatment.
Expression of SOX2 in the primary tumor. Primary tumor
tissue was available for immunohistochemical determination
of SOX2 status in 38 patients prior to systemic treatment and
in 27 patients after NAT. The tumors were SOX2-negative

in most cases [30 out of 38 (79%) before and 18/27 (67%)
after NAT, respectively]. No correlation could be found
between the SOX2 status of primary tumor (pre- and post-
therapeutic) and any of the established prognostic factors.
Neither was the SOX2 status of primary tumor associated
with response to NAT. In 17 patients, the SOX2 status has
been assessed on persistent DTCs and the primary tumor
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Figure 2. SOX2 control staining. (A) Positive control staining (HT-29 cells). (B) Negative control staining (HT-29 cells, primary antibody omitted)
(×63 oil immersion objective).

Figure 3. SOX2 staining of DTCs in primary breast cancer patients. (A) SOX2-positive DTC. (B) SOX2-negative DTC (×63 oil immersion objective).



before systemic treatment and showed a concordance rate of
59% (Table III). The SOX status of the primary tumor before
and after NAT was evaluated in 18 patients and was
concordant in 78% of cases (p=0.045, Table IV).

Discussion 

Disseminated tumor cells persisting beyond cytotoxic
treatment predict impaired survival in primary breast cancer
patients (10, 11, 37). These cells are currently assumed to
serve as a surrogate marker of minimal residual disease and
their eradication is considered to be a main target of systemic
therapy. However, about a half of DTC-positive BC patients
remain tumor-free during a follow up period of over 10 years
(7, 38). This phenomenon may be explained by the so-called
“metastatic inefficiency”. According to this hypothesis, only
a small population of DTCs is able to persist and
subsequently cause tumor growth in secondary sites (39, 40).
One theory presently under discussion is the hypothesis that
some of these cells undergo the process of epithelial-
mesenchymal transition (EMT) that increases their
invasiveness and leads to acquisition of stem-cell features
(17, 41, 42). These cancer stem cells can evade systemic
treatment and are thought to play a major role in the
metastasis cascade (18, 42). In this context, we assessed the
expression of the stem cell marker SOX2 on DTCs persisting
in the BM of BC patients after NAT. 

In 170 patients with persistent DTCs after completion of
neoadjuvant therapy, an additional bone marrow cytospin
was analyzed. In 62 cases, at least one DTC could be found
and these patients were included in further analysis of the
SOX2 status. Why some of the additional cytospins
contained no DTCs can be explained by several factors, such
as the freezing and thawing process of the slides, staining of
only one additional slide (1×106 cells per patient) compared
to two slides (2×106 cells per patient) analyzed in the routine
IHC staining as well as different assays (IHC vs.
immunofluorescence) and the different anticytokeratin
anibodies used (A45-B/B3 vs. C11).

To assess SOX2 status on persistent DTCs, we developed
a double immunofluorescence staining assay based on
cytokeratin positivity and morphological criteria according
to the Consensus Recommendations for Standardized Tumor
Cell Detection (34). 32% of DTC-positive patients had at
least one SOX2 positive tumor cell in BM. This is, to the
best of our knowledge, the largest study demonstrating that
DTCs persistent after NAT express a stem cell associated
feature and the first evaluating SOX2 expression on DTCs
in BC patients. Reuben et al. have analyzed DTCs in 30 BC
patients after NAT in terms of stemness and found epithelial
CD44+CD24low cells in 57% of these patients (21). Similar
to our observations, a detection of potential CSC in BM was
not associated with response to NAT. In another study by
Giordano et al., 18 of 26 patients (69%) had potential CSCs
in BM after NAT (22). The same detection method, a multi-
parameter flow cytometry, was used in both trials (21, 22)
which might explain the much higher CSC positivity rates
compared to our study. Further, both trials used
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Table II. Clinical data of 62 patients included in further analysis of
SOX2-status of DTC.

                                                     n (%)        SOX2-positive     p-Value*
                                                                           DTCs (%)

Total                                           62 (100)             20 (32)                  
Menopausal status                                                                           1.0
   Premenopausal                       31 (50)               10 (32)                 
   Postmenopausal                     31 (50)               10 (32)                  
Tumor size before NAT                                                                  0.76
   cT1                                            1 (2)                   0 (0)                    
   cT2                                         27 (43)                 8 (30)                  
   cT3                                         13 (21)                 6 (46)                  
   cT4                                         18 (29)                 5 (28)                  
   unknown                                  3 (5)                   1 (33)                  
Tumor size after NAT                                                                     0.45
   ypT0/ypTis                             16 (26)                 4 (25)                  
   ypT1                                      24 (39)               10 (42)                  
   ypT2-4                                    22 (35)                 6 (27)                  
Nodal status before NAT                                                                0.94
   Negative                                 14 (23)                4 (29)                  
   Positive                                   45 (73)               15 (33)                  
   Unknown                                  3 (5)                   1 (33)                  
Nodal status after NAT                                                                   0.47
   ypN0                                       30 (48)               11 (37)                  
   ypN+                                      32 (52)                9 (28)                  
Pathologic response                                                                         0.55
   pCR                                        12 (19)                3 (15)                  
   non-PCR                                 50 (81)                17(27)                  
Histology                                                                                          0.53
   Ductal                                     52 (84)               18 (35)                  
   Lobular                                     8 (13)                 2 (25)                  
   Others                                       2 (3)                   0 (0)                    
Grading                                                                                            0.95
   I/II                                           40 (65)               13 (32)                  
   III                                            22 (35)                 7 (32)                  
ER status                                                                                          0.79
   Negative                                 20 (32)                 6 (30)                  
   Positive                                   42 (68)               14 (33)                  
PR status                                                                                          0.59
   Negative                                 13 (21)                 5 (38)                  
   Positive                                   49 (79)               15 (31)                  
HER2 status                                                                                     0.36
   Negative                                 45 (73)               13 (29)                  
   Positive                                   17 (37)                 7 (41)                  
IHC subtype                                                                                     0.22
   HR+/HER2–                           34 (55)               10 (29)                  
   HR+/HER2+                          11 (18)                 5 (45)                  
   HR–/HER2+                             6 (10)                 2 (33)                  
   TNBC                                     11 (18)                 3 (27)                  

*Chi-squared test. ER: Estrogen receptor; HER2: human epidermal
growth factor receptor 2; PR: progesterone receptor; IHC:
immunohistochemistry; TNBC: triple negative breast cancer; NAT:
neoadjuvant treatment; pCR: pathological complete response.



ALDH/CD44/CD24 and not SOX2 as CSC marker, making
a direct comparison of our studies difficult.  

Our analysis demonstrates that some of the cells detected
in secondary homing sites after NAT may exhibit a stem-like
phenotype. Tumor initiating-capacity on the one hand and
ability to elude cytotoxic therapy and persist in a quiescent
and/or dormant state on the other hand, are the features
postulated to account for chemoresistance and metastatic
potential of CSCs (43). A high expression of SOX2 has been
indeed demonstrated in BC cell lines known for their cross-
resistance to taxanes, anthracyclines and cisplatin (30).
Furthermore, SOX2 expression has been linked to tamoxifen
resistance in BC (44) and was shown to significantly affect
adhesion properties of BC cells (45). SOX2 was also
recently shown to mediate proliferation and dissemination in
lung cancer cells resistant to tyrosine kinase inhibitors (46).
The CSC hypothesis is supported by the phenomenon of
tumor cell dormancy, clinically well-known in BC patients,
who can experience a relapse after a very long period,
sometimes up to 25 years, without evidence of the disease
(47, 48). In concordance with this clinical observation
isolated tumor cells have been detected in the blood of
asymptomatic BC patients up to 22 years after primary
surgery (49). However, these persistent cells have not been
analyzed in terms of stem cell-like features in any of the
available studies.

While studies on the expression of SOX2 on DTCs are
missing, data on the SOX2 expression in primary BC tissue

have been reported previously (35, 50) In our cohort, 21%
of patients have SOX2-positive tumors prior to NAT and
33% of tumors were SOX2-positive after NAT. This is in line
with our earlier analysis demonstrating a SOX2 tumor
positivity rate of 28% (24/86 patients) (35), compared to
16.7% (33/198 patients) reported by Rodriguez-Pinilla et al.
(50). The fact that the SOX2 positivity rate of the primary
tumor in our cohort was higher after NAT than prior to the
systemic therapy is consistent with the reported phenomenon
that CSC frequency increases in BC tissue after cytotoxic
treatment (18, 51). Recently, chemotherapy was shown to
induce BC stemness in a xenograft mouse model (52). A
direct comparison of SOX2 status between pre- and post-
therapeutic tumor tissue was possible in 18 patients (Table
IV). In this group, the SOX2 status remained the same in
most patients, with only one patient acquiring SOX2
positivity and three patients converting from positive to
negative SOX2 status. 

In 41% of analyzed patients, the SOX2 status of primary
tumor before NAT differed from the SOX2 status of
persistent DTCs. A positive SOX2 status of DTCs was
observed in 36% of patients (5 of 14 cases) with SOX2-
negative tumors (Table III). A discrepancy between tumor
and (persistent) DTCs regarding other phenotypic features
has been described in previous studies (53-55),  showing that
MRD cells may evolve independently from the primary
tumor. This observation is consistent with the parallel tumor
progression model proposed by Klein et al. (56). 
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Table III. SOX2 status of persistent DTCs and primary tumor before NAT.

                           SOX2-status                                                                                          DTC                                                                      Total (%)

                                                                                             SOX2 negative (%)                          SOX2 positive (%)                                       

PT                      SOX2 negative (%)                                             9 (53)                                                 5 (29)                                             14 (82)
                          SOX2 positive (%)                                              2 (12)                                                 1 (6)                                                 3 (18)

                          Total (%)                                                            11 (65)                                                 6 (35)                                             17 (100)

PT: Primary tumor; DTC: disseminated tumor cell; NAT: neoadjuvant treatment.

Table IV. SOX2 status of the primary tumor before and after NAT. 

                           SOX2-status                                                                                   PT pre-NAT                                                               Total (%)

                                                                                             SOX2 negative (%)                          SOX2 positive (%)                                       

PT post-NAT     SOX2 negative (%)                                           11 (61)                                                 3 (17)                                             14 (78)
                          SOX2 positive (%)                                              1 (5.6)                                                3 (17)                                               4 (22)

                          Total (%)                                                            12 (66)                                                 6 (34)                                             18 (100)

PT: Primary tumor; NAT: neoadjuvant treatment.



Another aspect evaluated in our study was the correlation
of SOX2 status of primary tumors/DTCs and other clinical-
pathological factors. Previously published studies reported
a significant association between SOX2 positivity and
higher grading, nodal positivity and poor prognosis (57-59).
In contrast, no correlations were observed in our study,
possibly due to the fact that the SOX2 status of both the
tumor and DTCs was only available in a small proportion
of patients. 

Limitations of our Study

Even though DTC detection based on their epithelial and
morphological features is considered standard, the lack of
single-cell molecular analysis confirming tumor origin and
SOX2-positivity of these cells at the genomic level may be
considered a potential limitation of our study. Furthermore,
analysis of a whole BM suspension (approx. 5-10 ml),
aspirated from each patient instead of one cytospin with
1×106 cells per patient would possibly provide higher DTC
numbers and result in higher numbers of DTCs available for
analysis of the SOX2 status. Further trials implementing
molecular characterization of single DTCs as well as analysis
of other stem cell-associated markers are necessary to
confirm the stem-like character and to establish the DTCs’
clinical relevance. 

Conclusion

In the present study, we demonstrated that DTCs with stem-
like phenotype can persist after neoadjuvant treatment in a
relevant number of breast cancer patients. SOX2-positive
DTCs were detected in patients with SOX2-negative primary
tumors, suggesting that these populations may have evolved
independently of each other. Stem-like character of minimal
residual disease should be further evaluated using molecular
analyses in future studies.
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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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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.

(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 Läsionen häufig geändert wurde, kann

eine korrekte Diagnose sowie eine richtige Einschätzung der

genauen Prävalenz und des klinischen Verhaltens dieser Enti-

tät Schwierigkeiten bereiten. Ziel dieser Studie war es, die Prä-

valenz, die klinischen Merkmale und das Outcome in einem

großen 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 Fälle wurden durch eine systematische im-

munohistochemische Reevaluierung von 465 Brustkrebspro-

ben mit Verwendung der neuroendokrinen Basismarker Chro-

mogranin A und Synaptophysin identifiziert, was einer Präva-

lenz von 4,5% entspricht. Sechs weitere Fälle wurden durch

eine Überprüfung 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 häufigste immunohistochemische Unterart war HR-posi-

tiv/HER2-negativ (85%). 93% waren für Synaptophysin und

48% für 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-Über-

lebensrate betrug 70%.

Schlussfolgerungen Brustkrebs mit neuroendokriner Diffe-

renzierung ist meist HR-positiv/HER2-negativ, und die Diag-

nose wird meist in einem höheren TNM-Stadium gestellt als

bei Patientinnen mit herkömmlichem invasiven Mammakarzi-

nom. Darüber 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 ausgewählten Fällen

eine zielgerichtete Therapie mit Somatostatinanaloga ange-

boten werden.
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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, N0–3, M0/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 μm) 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 IgG and Vectastain ABC, followed by
chromogen detection. Finally, the slides were counterstained with

hematoxylin and mounted for examination. SSTR 2A status was

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

▶ 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
(NEC)*

Well differentiated neuroendocrine
tumor (WD‑NET)2

Neuroendocrine tumor (NET)

▪ grade 1

▪ grade 2

Invasive breast carcinoma with
neuroendocrine differentiation**

▪ special type

▪ no special type

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

Large cell neuroendocrine carcinoma
(LCNEC)1

Large cell neuroendocrine carcinoma1 (LCNEC)

Small cell/oat cell carcinoma (SCNEC)1 Poorly differentiated neuroendocrine
carcinoma (PD‑NEC)/small cell
carcinoma1

Small cell neuroendocrine carcinoma1 (SCNEC)

* Expression of neuroendocrine markers > 50% (particularly chromogranin A and/or synaptophysin), ** no threshold for the expression of the neuro-
endocrine markers, 1 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.

465 BC patients treated at the Department of Obstetrics and

Gynecology, University of Düsseldorf, 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)

27 patients with BC-NE included

in the analysis (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

Düsseldorf, between 2007 and

2013 and reevaluated by the

local pathologist

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

Patientsʼ 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

▶ Table 2 Clinicopathological features and administered therapy
in the study cohort.

n (%)

Total 27 (100)

Age at diagnosis

▪ < 50  4 (15)

▪ 50–69 13 (48)

▪ ≥ 70 10 (37)

Menopausal status

▪ Premenopausal  5 (18.5)

▪ Postmenopausal 22 (81.5)

Stage at diagnosis

▪ I  6 (22)

▪ II 14 (52)

▪ III  3 (11)

▪ IV  3 (11)

▪ Unknown  1 (4)

Tumor stage

▪ T1  7 (26)

▪ T2 16 (60)

▪ T3-4  3 (11)

▪ Unknown  1 (4)

Tumor focality

▪ Unifocal 21 (78)

▪ Multifocal  5 (19)

▪ Unknown  1 (4)

DCIS component

▪ Yes 12 (44

▪ No 15 (56)

Nodal status

▪ Negative 15 (56)

▪ Positive 10 (37)

▪ Unknown  2 (7)

Lymphatic vessel infiltration

▪ L0 11 (41)

▪ L1  8 (30)

▪ Unknown  8 (30)

Original histology

▪ NST 16 (59)

▪ Lobular  1 (4)

▪ NST/lobular  1 (4)

▪ Mucinous  4 (15)

▪ NET*  5 (18)

Grading

▪ II 21 (78)

▪ III  6 (22)

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

n (%)

Ki-67 index

▪ < 15  6 (22)

▪ 15–29  8 (30)

▪ ≥ 30 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 diagnosedasNETG2. TNBC: triple negativebreast 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.

Krawczyk N et al. Invasive Breast Carcinoma… Geburtsh Frauenheilk | © 2021. The author(s).

GebFra Science |Original Article



(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 68Ga-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

▶ 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 cells in e. c, 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.
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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-

tientʼs 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 II. The first patient with stage IV disease and metastases of

the bone and lung (T3 N0 M1, G2, Ki-67 25%, HR+/HER2−, SSTR

2 + 70%) received endocrine therapy in combination with lanreo-

tide (120mg s. c. q4w) after 6 doses of paclitaxel weekly 80mg/

m2 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 μg s. c. per day) in stage II (T2 N1M0, G2, Ki-67

5%, HR+/HER2+, SSTR 2+), after standard therapy was considered

unsuitable due to the patientʼs poor general condition (cirrhosis of

the liver (Childʼs 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 R0 operated patients were diagnosed with recurrence (local

recurrence and/or distant metastasis). The mean overall survival

▶ 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.
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(OS) was 111 months (95% CI: 82–140 months), the mean DFS

was 124 months (95% CI: 90–157 months). The 5-year OS rate
was 70% (▶ Fig. 4).

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.

▶ 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.
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▶ Fig. 4 Kaplan–Meier survival curves of BC‑NE patients.
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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

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

▶ Table 4 Systemic treatment of study patients according to tumor stage and receptor status.

PT Age TNM G ER PR HER2 SSTR 2A

score (%)

CT ET SSTR therapy

 1 61 T1 N0M0 2 80%  80% pos.* 2 (60) No AI No

 2 46 T4 N1M1** 2 80%  40% neg. 1 (< 10) 7 × E q1w Ful No

 3 73 T2 N0M0 2 80%  30% neg. 0 No AI No

 4 74 T2 N1M0 2 40%  15% neg. 0 3 × Pac q1w AI No

 5 84 T2 N0M0 2 90%  90% neg. 2 (60) No AI No

 6 62 T3 N0M1 2 80%  90% neg. 3 (90) 6 × Pac q1w AI Lanreotide
120mg q4w

 7 53 T2 N1M0 3 80%   0 neg. 1 (< 10) 3 × FEC – 3 × DOC AI No

 8 72 Tx NxM0** 2 90%  90% neg. 2 (70) No AI No

 9 51 T1 N0M0 2 50%  80% neg. 0 No AI No

10 50 T2 N0M0 2 80%  90% neg. 3 (90) 6 × FEC q3w Tam No

11 42 T2 N3M0 2 90%  90% neg. 0 3×A – 3×C – 3×Pac q2w Tam + GnRH No

12 38 T2 N0M0 3 0   0 neg. 0 6 × FEC q3w No No

13 53 T2 N3M1 2 0   0 neg. n.d. 4 × EC – 4 × DOC No No

14 81 T4 NxM0 2 90%  60% neg. 3 (90) No AI No

15 80 T2 N3M0 2 80%  10% neg. 0 no AI No

16 70 T1 N0M0 2 80%  80% neg. 0 No Tam No

17 56 T2N0M0 2 80%  80% neg. 2 (60) 4 × EC q3w Tam-AI No

18 48 T1N0M0 2 90%  90% neg. n.d. 6 × FEC q3w Tam No

19 62 T2N1M0 2 80%  20% neg. 0 3 ×;FEC – 3 × DOC q3w AI No

20 84 T2N0M0 3 90%   0 neg. 0 No AI No

21 72 T1N0M0 2 80%  80% neg. 2 (30) No Tam-AI No

22 56 T1N1M0 2 90%  90% neg. 0 3 × FEC – 3 × DOC q3w Tam-AI No

23 51 T2N1M0 2 80%  30% neg. 0 3 × FEC – 3 × DOC q3w Tam/AI No

24 60 T1N0M0 2 90%  90% neg. n.d. No Tam/AI No

25 81 T2N0M0 2 50% < 10% neg. 0 No Tam No

26 56 T2N0M0 2 100%  10% neg. 2 (30) 3 × FEC – 3 × DOC q3w Tam/AI No

27 69 T2N1M0 2 90%  90% pos.* 2 (70) No No Octreotide
50 μg 2/d

PT: patient, G: grading, ER: estrogen receptor, PR: progesterone receptor, SSTR 2A: somatostatin receptor type 2A, CT: chemotherapy, ET: endocrine therapy,
AI: aromatase inhibitors, Ful: fulvestrant, E: epirubicin, Pac: paclitaxel, F: fluorouracil, C: cyclophosphamide, DOC: docetaxel, A: doxorubicin, d: day, n.d.: not
done, q1w: weekly, q2w: every two weeks, q3w 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 bonemarrow infiltration, PT 8: not suitable due to advanced cardio-
vascular disease).
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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 ≥ 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 68Ga-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-

fit in 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–II trials [48]. However, a phase III study comparing
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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.

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

▶ 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. c 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%.
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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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