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Abstract Male breast cancer (mBC) is a rare entity. As
detection of disseminated tumor cells (DTCs) in the bone
marrow of females with early stage breast cancer is a
promising prognostic marker, we aimed to determine the
prevalence and prognostic value of DTCs in mBC. Bone
marrow aspirates were collected from male patients un-
dergoing primary surgery for early stage breast cancer
(T1-4, NO-2, MO) at Tuebingen University, Germany,
between January 2001 and April 2015. DTCs were iden-
tified by immunocytochemistry (pancytokeratin antibody
A45/B-B3) and cytomorphology. 24 patients with mBC
were included into the analysis. DTCs were detected in
four of these (17 %). There was no significant association
between the DTC status and any other clinicopathological
parameter. Also, no significant impact of the DTC status on
DFS or OS could be observed. DTCs are detectable in
patients with early stage mBC. The detection rate is com-
parable to that in women. No associations between DTCs
and clinicopathological features or prognosis were ob-
served, which is most likely due to the small sample size.
The detection of DTCs in male patients with early stage
breast cancer emphasizes the transmission of future clinical
applications for DTCs from women to men.
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Introduction

Male breast cancer (mBC) is a rare malignancy that ac-
counts for less than 1 % of all breast cancers and less than
0.5 % of male cancer deaths in the U.S. [1]. The most
frequent type is invasive ductal carcinoma, and only few
cases of invasive lobular carcinomas are described in the
literature [2]. As compared to female breast cancer (fBC),
mBC occurs later in life with higher stages and higher
grades [3]. The rate of estrogen receptor (ER) positive
mBC is higher than in females, while conversely, HER2
overexpression is a rare event [4].

Risk factors associated with mBC are gynecomastia,
obesity, low physical activity, and alcohol use [5]. More-
over, genetic conditions like the Klinefelter syndrome
(XXY) or BRCA mutations strongly increase the risk for
mBC [6, 7]. In contrast to fBC, BRCA2 mutations are more
frequent than BRCA1 mutations, and male BRCA2 muta-
tion carriers have a 6.5 % cumulative risk of developing
breast cancer before the age of 70, which is 100-fold higher
than the general male population [7].

While some studies have suggested that early stage
mBC has a worse prognosis as compared to fBC [3], other
reported that male sex is not associated with poor outcome
[8]. Similar to fBC, stage, tumor size, and nodal involve-
ment are important prognostic factors [9]. However, there
are limited data on other prognostic biomarkers in mBC.

Tewes et al. recently reported on the detection of dis-
seminated tumor cells (DTCs) from the bone marrow in
male patients with early stage breast cancer [10]. DTCs are
a surrogate biomarker of minimal residual disease, and in
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fBC, various reports including thousands of patients have
shown a strong association between DTCs and poor out-
come [11, 12]. The detection rate of DTCs in females with
early stage breast cancer is 20-30 %. However, due to the
low incidence, no data exist on the detection rate in mBC.
In the small study presented by Tewes et al., DTCs were
detected in three out of five patients [13], which seem
relatively high as compared to fBC.

In the current study, we therefore aimed to determine the
prevalence of DTCs in early stage mBC. Moreover, we
investigated whether associations between the DTC status
and clinicopathological parameters exist and analyzed the
prognostic impact of DTCs in mBC.

Patients and methods
Study population

Male patients undergoing primary surgery for early stage
breast cancer (T1-4, NO-2, MO) at the Department of
Obstetrics and Gynecology at Tuebingen University
Hospital, Germany, between January 2001 and April 2015
were eligible for this study. Patients who received
(neoadjuvant) systemic therapy prior to bone marrow
sampling as well as patients with recurrent or metastatic
disease or a previous history of secondary malignancy were
excluded. All patients provided written informed consent
for BM aspiration. The analysis was approved by the ethics
committee of the University of Tuebingen (reference
number 560/2012R).

Detection of DTC

BM aspirates (10-20 ml per patient) were collected during
primary surgery and processed within 24 h. Briefly,
mononuclear cells were isolated by density centrifugation
(Ficoll, 1.077 g/ml, Biochrom, Berlin, Germany), spun
down onto a glass slide (cytocentrifuge, Hettich, Tuttlin-
gen, Germany), and fixed in 4 % formalin. The presence of
DTCs (DTC status) was determined by immunostaining
using the DAKO Autostainer (Dako, Glostrup, Denmark),
the mouse monoclonal antibody A45-B/B3 directed against
pancytokeratin (Micromet, Munich, Germany), and the
DAKO-APAA detection kit (Dako, Glostrup, Denmark).
Two slides (1 x 106 cells, each) per patient were
evaluated, in accordance with consensus recommendations
for standardized tumor cell detection [14, 15]. An addi-
tional slide was stained with an unspecific isotype-matched
antibody. Moreover, each batch of samples was analyzed
together with leukocytes from healthy volunteers as nega-
tive controls and the human breast cancer cell lines MCF-7
and SKBR-3 as positive controls. To assess the specificity
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of our method for DTC detection, we analyzed BM sam-
ples from 100 patients without evidence of malignant dis-
ease, of whom one was DTC positive [16].

Statistical analysis

Associations between categorical variables (DTC status and
patient characteristics) were analyzed using Fisher’s exact
test. To determine survival, times from BM aspiration to any
recurrence of disease (disease-free survival, DFS) and death
of any cause (overall survival, OS) were investigated
separately. If no event occurred, data were censored at last
follow-up. The influence of DTC status on survival was
determined in a univariate analysis using the log-rank test.
All statistical tests were performed using PASW Statistics
22 (SPSS Inc., Chicago, IL, USA), and all reported p values
are two-sided with significance level set to P < 0.05.

Results
Patient characteristics

24 male patients with early stage breast cancer (mean age:
64 years, range 40-82 years) were included into the ana-
lysis. Patient characteristics are shown in detail in Table 1.
All patients except for one had invasive ductal carcinoma
(96 %), and tumors were mostly grade 2 (67 %). The
majority was ER positive (96 %), PR positive (79 %) and
HER?2 negative (96 %).

DTC studies

As displayed in Table 1, DTCs were detected in four out of
24 patients (17 %). There was no significant association
between the DTC status and any other clinicopathological
parameter.

Survival analysis

As shown in Table 2, median follow-up for DFS was
24.89 months and for OS 33.87 months, respectively.
Median DFS was 54 months with a 95 % confidence in-
terval from O to 109 months. The median OS was not
reached. A significant impact of the DTC status on DFS or
OS could not be observed.

Discussion
We herein report on the prevalence of DTCs in male pa-

tients with early stage breast cancer and found that the
detection rate is comparable to that observed in females.
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Table 1 Patient characteristics and DTC status

Total n DTC-positive n (%) P value
Total 24 4 (17)
Histology
Invasive ductal 23 4 (17) 0.692
Invasive papillary 1 0 (0)
Tumor grade
G2 16 3(19) 0.699
G3 8 1(13)
Tumor size
T1 18 4(22) 0.449
T24 6 0 (0)
Nodal status
Negative 7 1 (14) 0.795
Positive 16 3 (19)
ER status
Negative 1 0 (0) 0.648
Positive 23 4 (17)
PR status
Negative 5 1 (20) 0.822
Positive 19 3 (16)
HER?2 status
Negative 23 4 (17) 0.692
Positive 1 0 (0)

Table 2 Disecase-free and overall survival

Disease-free survival (DFS)
Median follow-up; months (95 % CI) 24.89 (14.10-35.68)
Median DFS; months (95 % CI) 54.33 (0.00-109.372)
Events in DTC-negative patients; n/total 4/18
Events in DTC-positive patients; n/total 1/4
P value* 0.193

Overall survival (OS)

Median follow-up; months (95 % CI)
Median OS; months (95 % CI)

Events in DTC-negative patients; n/total 2/18

33.87 (22.19-45.55)
Not reached

Events in DTC-positive patients; n/total 0/4

P value* 0.445

* Log-rank test

Only one small case series, presented by Tewes et al., has
addressed this question earlier [13]. In that study, three out
of five early stage patients with mBC were DTC positive
(60 %). This high DTC detection rate will most notably be
explained by chance and the small sample size. However,
two other reasons might explain for it. On the one hand,
patients were at relatively high tumor stages; tumor size

and nodal status had been shown to correlate with the DTC
detection rate in fBC [11]. On the other hand, Tewes et al.
analyzed eight million mononuclear cells per patients in-
stead of the recommended two million cells [13, 14]. Ad-
ditionally, one patient had received neoadjuvant systemic
treatment before bone marrow sampling, which was shown
to interact with the DTC status [17]. Here, we only in-
cluded treatment naive patients into the analysis.

We found no significant association between the DTC
status and clinicopathological variables. However, our
dataset is also limited by its small sample size. Therefore,
we cannot rule out that similar correlations as observed in
fBC might exist, e.g., the higher DTC detection rate in PR-
negative, HER2-positive patients with larger tumors and
lymph node involvement [11, 12].

In female patients with early stage breast cancer, the
DTC status has a strong and independent prognostic value
[11, 12]. However, we could not confirm a significant
impact of DTC detection on DFS or OS in male patients.
Again, the most notably explanation is the small number of
events and the short follow-up of the current analysis.
Moreover, adjuvant systemic treatment was shown to
eliminate DTCs and might therefore interact with the
prognostic information of the DTC status [18, 19]. Earlier
studies in fBC have shown that bone marrow sampling
during or after adjuvant therapy might help to monitor
treatment efficacy and to identify patients that could benefit
from additional adjuvant treatment [16].

Due to the invasive character of bone marrow sampling,
recent studies have focused on the detection of circulating
tumor cells (CTCs) from the peripheral blood [20, 21].
Especially for serial analyses within translational research
programs of prospective clinical trials, repeated venous
blood sampling is more feasible than bone marrow sam-
pling. However, it is not clear whether DTC detection is
associated with CTC detection, as data on this issue are
inconclusive among the literature [22-26]. Although CTC
detection was shown to predict survival in female patients
with early stage breast cancer, low detection rates in the
non-metastatic setting make the use of this technology
challenging [21, 27]. To the best of our knowledge, the
analysis by Tewes et al. is the only published dataset of
CTC detection in early stage mBC [13]. The authors found
CTCs in one out of five patients, but the small sample size
permits to draw conclusions on their prevalence or prog-
nostic value in males.

Next to the prognostic impact of DTC detection, their
characterization might reveal biomarkers that are predic-
tive of treatment efficacy. For example, the HER2 status of
DTCs might indicate patients that benefit from HER2-tar-
geted treatment [28]. A prospective trial is currently in-
vestigating the efficacy of trastuzumab in females with
early stage HER2-negative breast cancer but HER2-
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positive DTCs (NCT01779050). It is unlikely that such
questions are to be answered in clinical trials of mBC pa-
tients. However, as therapy recommendations for mBC
usually derive from lessons learned in females, the clinical
implementation of DTC detection and/or characterization
in women may also help improve treatment of men.

Conclusion

In conclusion, DTCs are detectable in male patients with
early stage breast cancer, and their detection rate is com-
parable to that in women. Due to the small sample size of
our analysis, no associations between DTCs and clinico-
pathological features or prognosis could be revealed.
Although it is unlikely that clinical implementations of
DTCs will be prospectively addressed in mBC, their de-
tection in male patients emphasizes the transmission of
future clinical applications from women to men.
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