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Fibrotic focus is a scar-like lesion near the center of a carcinoma and has been associated with high-grade,

lymph node metastases and poor survival in female breast cancers. Hypoxia is suggested to be the crucial link

between fibrotic focus and aggressive tumor phenotype and is also itself a poor prognostic marker. We here set

out to study fibrotic focus and hypoxia in male breast cancer for the first time. In a group of 134 male breast

cancer patients, the presence and size of a fibrotic focus and the expression of three hypoxia-related

immunohistochemical stainings, hypoxia-inducible factor-1a, carbonic anhydrase IX and Glut-1 were studied in

correlation with clinicopathological features and prognosis. Fibrotic focus was seen in 25% of the male breast

cancer cases and was correlated with hypoxia-inducible factor-1a overexpression (P¼ 0.023), high grade

(P¼ 0.005), high mitotic activity (P¼ 0.005) and lymph node metastases (P¼ 0.037). Hypoxia-inducible factor-1a-

positive tumors were more often high grade (P¼ 0.003) and HER2 amplified (P¼ 0.005). Glut-1 expression was

also more common in grade 3 tumors (P¼ 0.038), but no association between carbonic anhydrase IX and any

clinicopathological feature was found. Fibrotic focus 48mm and hypoxia-inducible factor-1a overexpression

were correlated with decreased patients’ outcome (P¼ 0.035 and 0.008, respectively). Hypoxia-inducible factor-

1a overexpression was an independent and the most powerful predictor of survival in multivariate analysis

(P¼ 0.029; hazard ratio 2.5). In conclusion, the presence of a fibrotic focus is associated with hypoxia-inducible

factor-1a overexpression, and both are associated with aggressive tumor phenotype and poor survival in male

breast cancer. These markers seem to have similar clinical importance as previously reported in female breast

cancer.
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Male breast cancer is uncommon and represents
o1% of all breast cancers.1 Large series in male
breast cancer are lacking and much of the knowl-
edge is generalized from breast cancer in female
subjects. The limited data published on male breast
cancer indicate that there are genetic and pheno-
typic differences between male and female breast
cancer.2–6 Initially, prognosis in men was claimed
to be poor with higher incidence of lymph node
metastases at the time of discovery, but more recent

studies showed that prognosis of male and female
breast cancers corrected for stage and age is
similar.7–9 Although tumor size and lymph node
status are independent prognosticators in male
breast cancer,9,10 there still is a need for more accu-
rate outcome predictors of male breast cancer.

A fibrotic focus is a scar-like lesion consisting of
an area of mainly collagen and fibroblasts, often
located near the center of a carcinoma. Fibrotic
focus is associated with poor survival in female
breast cancer and with high grade, high mitotic
activity, lymph node metastases and HER2 over-
expression.11–14 In lymph node-negative female
breast cancer patients, fibrotic focus along with
mitotic activity index was the most important
prognostic factor.15 It has been claimed that it is
an easily assessable histological determinant that
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should be incorporated in histopathological reports.15,16

Fibrotic focus has extensively been studied in
female breast cancer, but in other malignancies, like
carcinomas of the lung, pancreas and colon, fibrotic
focus also appeared to be a useful marker with
prognostic implications.17–19 Hypoxia is thought to
be the crucial link between fibrotic focus and tumor
phenotype and progression. Fibroblasts in fibrotic
focus and tumor cells in carcinomas with fibrotic
focus express hypoxia-inducible factor-1a (HIF-1a)
and carbonic anhydrase IX (CAIX), two hypoxia-
related factors.20,21 Expression of these markers
in female breast cancer tumor cells has also
been correlated with high grade and decreased
survival.22–26

The incidence, clinicopathological correlations
and prognostic implications of fibrotic focus and
hypoxia had not yet been studied in male breast
cancer, which was the aim of this study.

Materials and methods

Patient Material

In this study, we used a previously described group
of male breast cancer.27 This group is composed of
134 consecutive cases from 1986 to 2010, collected
from four different pathology labs in The Nether-
lands (St Antonius Hospital, Nieuwegein, n¼ 28;
Diakonessenhuis, Utrecht, n¼ 22; University Medi-
cal Center Utrecht, Utrecht, n¼ 23; and Laboratory
for Pathology, East Netherlands, n¼ 40) and two
hospitals in Germany (Paderborn, n¼ 8 and
Cologne, n¼ 13). The age ranged from 32 to 89 years
(average: 66 years). Tumor size ranged from 0.4 to
5.5 cm (average: 2.1 cm). In four cases, tumor size
was not recorded. In 84% lymph node status was
known and 54% of these patients had lymph node
metastases (including isolated tumor cells; n¼ 4).
The majority of cases were (according to the WHO)
invasive ductal carcinomas (90%), with some lobular
(n¼ 3), mixed type (ductal/lobular; n¼ 2), invasive
cribriform (n¼ 2), papillary (n¼ 2), mucinous
(n¼ 2), invasive micropapillary (n¼ 1) and adenoid
cystic carcinomas (n¼ 1). Most tumors were grade II
(40%) and grade III (36%).28 Mitotic activity index
per 2mm2 was assessed as before.29 Estrogen receptor
(ER) was positive in 94% (125/133) of the cases,
and progesterone receptor (PR) was also common
(90/133; 68%). In one case hormone receptor status
was missing. HER2 overexpression/amplification
was rare (4/134; 3%).

Fibrotic Focus

Fibrotic focus was defined following the criteria first
described by Hasebe et al.11 In short, fibrotic focus is
a scar-like area with a radially expending fibro-
sclerotic core, usually in the center of a carcinoma
(Figure 1). It consists of variably dense and

sometimes hyalinized collagen bundles and fibro-
blasts. A diameter of at least 1mm was required and
fibrotic areas smaller than 3mm did not contain
tumor cells. With increasing size, solid nest and
strands of tumor cells were more often seen within a
fibrotic focus. Sometimes remnants of necrosis were
seen, but foci of necrosis without a fibrotic core were
not classified as fibrotic focus. Fibrotic focus was
surrounded by more cellular parts of infiltrating
carcinoma. In case secondary changes were seen
indicating core needle biopsy artifacts, like the
presence of a needle track or fat necrosis, the fibrotic
areas were not scored as a fibrotic focus. The pre-
sence and size of a fibrotic focus was recorded. The
size of a fibrotic focus was dichotomized using a
threshold of 48mm and the fibrotic focus/tumor
diameter ratio was also calculated (threshold 41/3),
for correlation with patients’ outcome.12,15

Immunohistochemistry

Immunohistochemical stainings were performed
using tissue microarray (TMA) blocks, which were
constructed as described before.27 In short, hema-
toxylin- and eosin- (HE) stained slides were used to
identify representative tumor areas. From the areas
richest in tumor cells, three 0.6-mm punch biopsies
from formalin-fixed and paraffin-embedded tissue
blocks were obtained and embedded in a recipient
paraffin block, using a precision tissue array instru-
ment (Beecher Instruments, Sun Prairie, WI, USA).
Sections (4 mm) were cut and stained for Glut-1,
HIF-1a and CAIX at the University Medical Center
Utrecht. Glut-1 stainings were performed using
a Bond-max automated immunostainer (Leica
Microsystems, Wetzlar, Germany) and the stainings

Figure 1 Invasive ductal carcinoma with a fibrotic focus. This
example demonstrates the histological appearance of a fibrotic
focus with a fibrosclerotic core and disorganized vessels.
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for HIF-1a and CAIX were carried out manually as
before (Table 1).30 Antigen retrieval for Glut-1 was
carried out with epitope retrieval buffer 1, 20min at
99 1C (AR9961; Leica Microsystems). The slides
were incubated with the primary antibody Glut-1
for 15min at room temperature and afterwards with
the Bond refine polymer kit (DS9800; Leica Micro-
systems). For CAIX antigen retrieval was performed
in citrate buffer (pH¼ 6.0, for 20min at 100 1C). After
incubation for 60min at room temperature with the
primary antibody, we used Powervision ready to use
(poly-HRP-anti Ms/Rb/RtlgG biotin free; Immuno-
Logic, ImmunoVision Technologies, Brisbane CA,
USA) for the recognition of the primary antibody.
EDTA buffer (pH¼ 9.0, for 20min at 100 1C) was
used for antigen retrieval for HIF-1a. Slides were
incubated with the primary antibody HIF-1a over-
night at 4 1C. For detection of the primary antibody,
Novolink polymer was used (Novocastra Labora-
tories Ltd, Newcastle Upon Tyne, UK). All slides
were developed with diaminobenzidine. Formalin-
fixed and paraffin-embedded clear-cell renal cell
carcinoma, placenta and breast carcinoma tissue
were used as positive control for CAIX, Glut-1 and
HIF-1a, respectively. Appropriate negative control
steps were used throughout the procedure. All
stainings were scored by two experienced observers
(PJvD/RK).

For HIF-1a, mean nuclear staining percentages of
the available punches were used, regarding 5% or
more tumor cells with nuclear staining as positive.22

Any clear membrane staining in the Glut-1 and

CAIX was scored positive (Figure 2). For all markers,
two patterns of staining were scored as before:25 a
diffuse pattern with staining throughout tumor cells
and the perinecrotic pattern with staining restricted
to perinecrotic tumor cells.

Statistics

Prognostic information was requested from the
Integral Cancer Registration (The Netherlands;
IKNL). Outcome data were available for 101 cases
(101/134; 75%) with a median follow-up of 5.7 years
(range 0.1–20.3 years). Therefore, survival analysis
was based on 5 years survival rates.

Statistical calculations were performed using
SPSS for Windows version 15.0. Pearson’s w2 (or
Fisher’s exact test when appropriate) was used to
evaluate correlation between fibrotic focus and the
clinicopathological features age (450 years), size
(42 cm), lymph node status, tubule formation,
nuclear grade, mitotic activity (48 mitoses per
2mm2), histological grade (grade 1/2 vs 3) and ER,
PR and HER2 status. To compare mean age, size and
number of mitoses, ANOVA was performed. Spear-
man’s r was used to calculate correlations between
the hypoxia-related immunohistochemical markers.
Expression of these markers was also correlated
with clinicopathological features using Pearson’s w2

and ANOVA. Two-sided P-values o0.05 were
regarded significant. For univariate survival analy-
sis, Kaplan–Meier curves were plotted and analyzed

Table 1 Overview of the hypoxia-related antibodies and tissue-processing details used to characterize male breast cancer

Antigen Type Source Dilution AR Incubation time antibody Positive control

Glut-1 Polyclonal DAKO 1:200 Citrate 15min Placenta
CAIX Polyclonal Abcam 1:1000 Citrate 1 h Renal cell carcinoma
HIF-1a Monoclonal BD Bioscience 1:50 EDTA Overnight (4 1C) Breast carcinoma

AR: antigen retrieval.
DAKO, Glostrup, Denmark; Abcam, Cambridge Science Park, Cambridge, UK; BD Bioscience, Franklin Lakes, NJ, USA.

Figure 2 Tissue microarray slide stained for hypoxia-inducible factor-1a (HIF-1a), carbonic anhydrase IX (CAIX) and glucose
transporter-1 (Glut-1), all scored positive in the same case of male breast cancer.
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with the log-rank test. Multivariate survival analysis
was carried out with Cox regression, including the
variables that were significant in univariate survival
analysis.

Results

Histopathological features of the 134 cases of male
breast cancers with and without fibrotic focus are
summarized in Table 2. Fibrotic focus was seen in
25% (34/134) of the cases and was significantly
associated with high nuclear (P¼ 0.038) and histo-
logical grade (P¼ 0.005), few or no tubule formation
(P¼ 0.030) and presence of lymph node metastases
(P¼ 0.037). Tumors with fibrotic focus showed
significantly higher mean mitotic activity with on
an average 15 mitoses vs 10 mitoses per 2mm2 in
tumors with and without fibrotic focus (P¼ 0.005).
However, in case a cutoff value of 8 mitoses was
used, no significant difference was found (P¼ 0.166)
No correlation was found between fibrotic focus and
tumor size. Mean age was similar and no significant
differences were found in ER, PR and HER2 status
between tumors with and without fibrotic focus.

HIF-1a, CAIX and Glut-1 showed overexpression
in, respectively, 27% (34/125), 7% (9/132) and 31%
(41/131) of cases (some cases were lost on the TMA
slides). A diffuse staining pattern was most com-
monly seen for these markers. HIF-1a showed diffuse
expression in 22% (27/125) of the cases, which
represents 79% of all HIF-1a-positive tumors. There
was a significant correlation between overexpres-
sion of HIF-1a and the other two hypoxia-related
proteins Glut-1 (Po0.001; correlation coefficient:
0.32) and CAIX (P¼ 0.034; correlation coefficient: 0.21).
Correlations between expression of the hypoxia-

related markers and clinicopathological features
are presented in Table 3. HIF-1a-positive tumors
showed higher mean mitotic count (13 vs 10 mitoses
per 2mm2), but this did not reach significance
(P¼ 0.086). HIF-1a overexpression was significantly
more common in grade 3 tumors (P¼ 0.003). All
HER2-amplified tumors (n¼ 4) were also HIF-1a
positive (P¼ 0.005). In case only diffuse staining of
more than 5% of the tumor cells was regarded
positive, there was a significantly increased number
of mitoses in HIF-1a-positive tumors (P¼ 0.038) and
an even stronger correlation between HIF-1a and
high histological grade (Po0.001). A diffuse stain-
ing pattern of HIF-1a was also associated with the
presence of fibrotic focus (P¼ 0.023). When sub-
group analysis was performed for tumors with and
without lymph node metastases, we found that the
aggressive phenotype of HIF-1a-positive tumors
was particularly seen in the group of male breast
cancer patients with lymph node metastases, as in
the lymph node-negative group no correlation with
mitotic count and histological grade was seen.
Glut-1 overexpression was correlated with high
mitotic count (48; P¼ 0.014) and with high histo-
logical grade (P¼ 0.038). CAIX overexpression was
rare (n¼ 9) compared to the other two hypoxia-
related markers and no correlation with any clin-
icopathological features was seen.

In Table 4 and Figure 3 univariate survival rates
are presented according to clinicopathological fea-
tures, presence of a fibrotic focus and expression of
hypoxia-related markers. Grade 3 (P¼ 0.027), high
mitotic count (48; P¼ 0.015) and large tumor size
(42.0 cm; P¼ 0.036) were predictors of poor prog-
nosis. The presence of a fibrotic focus or the relative
size of a fibrotic focus (fibrotic focus/tumor size) did
not influence patients’ outcome. However, fibrotic

Table 2 Clinicopathological features in 134 cases of male breast cancers with and without fibrotic focus

Feature Grouping All cases (%) Fibrotic focus present (%) Fibrotic focus absent (%) P-value

Tumor size o2.0 cm 65 (50%) 14 (41%) 51 (53%) 0.231
42.0 cm 65 (50%) 20 (59%) 45 (47%)

Tubule formation 475% 13 (10%) 0 (0%) 13 (13%) 0.030
10–75% 55 (41%) 12 (35%) 43 (43%)
o10% 66 (49%) 22 (65%) 44 (44%)

Nuclear atypia Mild 12 (9%) 0 (0%) 12 (12%) 0.038
Moderate 80 (60%) 19 (56%) 61 (61%)
Severe 42 (31%) 15 (44%) 27 (27%)

Mitoses/2mm2 Mean 11 15 10 0.005
0–8 61 (46%) 12 (35%) 49 (49%) 0.166
48 73 (54%) 22 (65%) 51 (51%)

Grade I/II 86 (64%) 15 (44%) 71 (71%) 0.005
III 48 (36%) 19 (56%) 29 (29%)

Lymph node metastases Absent 51 (46%) 8 (29%) 43 (51%) 0.037
Present 61 (54%) 20 (71%) 41 (49%)

ER � 8 (6%) 1 (3%) 7 (7%) 0.679
+ 125 (94%) 33 (97%) 92 (93%)

PR � 43 (32%) 13 (38%) 30 (30%) 0.394
+ 90 (68%) 21 (62%) 69 (70%)

HER2 � 130 (97%) 32 (94%) 98 (98%) 0.266
+ 4 (3%) 2 (6%) 2 (2%)
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focus 48mm was correlated with decreased survi-
val (P¼ 0.035). HIF-1a overexpression was also a
marker for adverse patients’ outcome (P¼ 0.008).
When HIF-1a expression was separated into perine-
crotic and diffuse staining, perinecrotic staining
showed the most unfavorable patients’ outcome
(survival rate: 40%), compared to a survival rate of
54 and 75% for diffuse HIF-1a staining and HIF-1a-
negative tumors (P¼ 0.014). However, these results
need to be interpreted with caution because there
were only five cases with perinecrotic HIF-1a
staining with available follow-up data and therefore

no significant difference was found in case perine-
crotic and diffuse HIF-1a staining were compared.
The other hypoxia-related markers (CAIX and Glut-
1) did not correlate with patients’ outcome. In the
subgroups of lymph node-positive and -negative
patients, no prognostic correlations were found.

In Cox regression, HIF-1a overexpression ap-
peared to be an independent and the most powerful
predictor of patients’ survival (P¼ 0.029; hazard
ratio 2.5). Tumor size was the only other indepen-
dent prognosticator in this model (P¼ 0.047; hazard
ratio 2.4) and fibrotic focus 48mm was not retained
as an independent prognostic factor (Table 5).

Discussion

Fibrotic focus is considered an easily assessable
histological determinant with prognostic implica-
tions in several malignancies. Hypoxia is deemed
crucial in the formation of fibrotic focus and is also
on its own a marker for aggressive course in cancer.
This study is the first to investigate the clinico-
pathological relevance of fibrotic focus and hypoxia
in male breast cancer. We demonstrate that fibrotic
focus is associated with the overexpression of HIF-
1a and that both are associated with aggressive
tumor phenotype. Fibrotic focus 48mm and HIF-1a
overexpression were correlated with decreased
survival. HIF-1a was even an independent prognos-
ticator.

Our findings are consistent with previous studies
in female breast cancer, which demonstrated that in
female breast cancer fibrotic focus is also correlated
with high histological grade, high mitotic activity,
presence of lymph node metastases and adverse
patients’ outcome.11,12,14 However, in this study
fibrotic focus 48mm was not an independent
prognostic factor when tumor size and/or histological

Table 3 Clinicopathological features of male breast cancer cases with and without staining of HIF-1a, CAIX and Glut-1

Feature Grouping HIF-1a CAIX Glut-1

+ (%) � (%) + (%) � (%) + (%) � (%)

Tumor size o2.0 cm 14 (44%) 48 (54%) 6 (75%) 57 (47%) 19 (47%) 44 (51%)
42.0 cm 18 (56%) 41 (46%) 2 (25%) 63 (53%) 21 (53%) 43 (49%)

Mitoses/2mm2 Mean 13 10 12 11 13 10
0–8 12 (35%) 46 (51%) 2 (22%) 58 (47%) 12 (29%) 47 (52%)
48 22 (65%) 45 (49%) 7 (78%) 65 (53%) 29 (71%) 43 (48%)*

Grade I/II 15 (44%) 66 (73%) 6 (67%) 79 (64%) 21 (51%) 63 (70%)
III 19 (56%) 25 (27%)* 3 (33%) 44 (36%) 20 (49%) 27 (30%)*

LN meta Absent 11 (41%) 38 (50%) 3 (43%) 47 (46%) 16 (46%) 34 (46%)
Present 16 (59%) 38 (50%) 4 (57%) 56 (54%) 19 (54%) 40 (54%)

ER � 0 7 (8%) 0 7 (6%) 0 7 (8%)
+ 34 (100%) 84 (92%) 9 (100%) 116 (94%) 41 (100%) 83 (92%)

PR � 11 (32%) 29 (32%) 2 (22%) 41 (33%) 12 (29%) 31 (34%)
+ 23 (68%) 62 (68%) 7 (78%) 82 (67%) 29 (71%) 59 (66%)

HER2 � 30 (88%) 91 (100%) 9 (100%) 119 (97%) 39 (95%) 88 (98%)
+ 4 (12%) 0* 0 4 (3%) 2 (5%) 2 (2%)

LN meta: lymph node metastases.
*Significantly different (Po0.05).

Table 4 Univariate (log-rank) survival rates of 101 male breast
cancer patients according to classic clinicopathological features,
fibrotic focus and hypoxia-related markers

Feature Grouping 5-Year survival

Survival rate (%) P-value

Tumor size o2.0 cm 79 0.036
42.0 cm 59

Mitoses/2mm2 0–8 81 0.015
48 57

Grade I/II 77 0.027
III 53

Lymph node metastases Absent 82 0.132
Present 65

Fibrotic focus Absent 65 0.581
Present 75

Fibrotic focus/tumor
size ratio

r1/3 69 0.447
41/3 61

Size of fibrotic focus r8mm 70 0.035
48mm 43

HIF-1a � 75 0.008
+ 51

CAIX � 67 0.448
+ 83

Glut-1 � 68 0.797
+ 67
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grade and/or mitotic count were taken into account.
Although in female breast cancer fibrotic focus is
also more often seen in large and HER2-positive
tumors,11,12,14 we did not find such significant
correlations in male breast cancer. In HER2-positive
cancers, fibrotic focus was seen in 50%, but because
HER2 positivity was rare (n¼ 4), no significance was
reached. Like in female breast cancer, no correlation
was found between fibrotic focus on the one hand
and ER status and age on the other.11

The role of fibrotic focus in tumor phenotype and
progression may be explained by the presence of
hypoxic fibroblast and tumor cells with the expres-
sion of HIF-1a and CAIX.20,21 Low oxygen induces
hypoxia-modulated gene expression, with transcrip-
tion of HIF-1a, a key player in the adaptive process
of cells that allow them to escape from dying during
hypoxia. HIF-1a induces transcription of genes that
are involved in angiogenesis, cell survival, proliferation
and promotes an aggressive tumor phenotype.31,32

Several studies demonstrated high microvessel
count and high microvessel density in tumors with
fibrotic focus, especially in case a fibrotic focus is
relatively large and harbors necrosis.13,14 The fibro-
blasts occupying a fibrotic focus are reported to be
highly proliferative and have the ability to express
proteinase, which is crucial for developing metas-
tases.33–36

There was indeed a significant correlation between
the presence of fibrotic focus and overexpression of

HIF-1a in tumor cells, suggesting that hypoxia is
important in fibrotic focus formation in male breast
cancer as well, and confirming previous results in
female breast cancer.21 Unlike previous studies, no
association was found between CAIX expression
and the presence of a fibrotic focus.20,21 We used
TMA slides for high throughput and focal staining
may therefore have been missed. However, usual
correlations were found for HIF-1a overexpression
on TMAs, so differences in antibody and staining
procedures may also play a role here.

Expression of HIF-1a in tumor cells have been
reported in a variety of malignancies.37 Our results
are in line with studies in female breast cancer,
which demonstrated that HIF-1a overexpression
was correlated with highly malignant phenotype
and bad outcome.22–25 For the first time, we demon-
strated that HIF-1a overexpression is an indepen-
dent predictor of survival in male breast cancer
patients and could be used as an important prog-
nosticator, more powerful in predicting adverse
male breast cancer patients’ outcome than classical
clinicopathological features. The correlation between
HER2 overexpression/amplification and HIF-1a
overexpression has been described in female breast
cancer.22 HER2 is able to induce HIF-1a synthesis,
which depends on the activation of PI-3-kinase/
protein kinase B (PI3K-AKT) pathway.38 There are
conflicting results regarding the prognostic rele-
vance of HIF-1a in female breast cancer groups with
or without lymph node metastases.22,24 In our group
of male breast cancer, aggressive phenotype asso-
ciated with HIF-1a overexpression was particularly
seen in patients with lymph node metastases.
However, survival analysis did not reveal prognostic
differences for HIF-1a in tumors with lymph node
metastases alone. Furthermore in this study, a dif-
fuse staining pattern of HIF-1a was the strongest
predictor of high malignant phenotype and the
presence of a fibrotic focus. This could point to
different pathways of HIF-1a upregulation, which
might be, in part, hypoxia independent and reflect

Figure 3 Kaplan–Meier survival curves according to histological grade, mitotic count, tumor size, the presence of a fibrotic focus
48mm, hypoxia-inducible factor-1a (HIF-1a) overexpression and pattern of HIF-1a overexpression.

Table 5 Multivariate survival analysis (Cox regression)

Feature Hazard ratio 95% CI P-value

Tumor size 2.4 1.0–5.9 0.047
Mitoses/2mm2 1.8 0.75–4.6 0.182
Grade 1.2 0.36–4.0 0.780
Size of fibrotic focus 1.9 0.59–5.9 0.291
HIF-1a 2.5 1.1–5.6 0.029

CI: confidence interval.
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oncogenic adaptations of tumor cells. However,
perinecrotic staining of HIF-1a seems to be the
strongest predictor of adverse patients’ outcome,
which is in line with findings in female breast
cancer.25 Conclusions concerning HIF-1a staining
patterns should be made with caution based on our
results, because there were only a few cases (n¼ 7)
with perinecrotic staining, which may have been
underscored in TMA slides.39

The frequency of HIF-1a-overexpressing tumors in
male breast cancer in this study is hard to compare
with previously reported data in female breast cancer,
because different methods and different cutoff values
were used. In this study, 27% (34/125) of the tumors
were HIF-1a positive, which is slightly lower
compared to a previous study, reporting 34%
(51/150) HIF-1a-positive female breast cancers,
using a similar cutoff value of 5%.22 Further
research is needed to investigate possible differ-
ences in the expression of hypoxia-related immuno-
histochemical markers between male and female
breast cancers.

In conclusion, we demonstrate that fibrotic focus
and HIF-1a overexpression in male breast cancer are
associated with high-grade tumors and poor prog-
nosis and should be regarded as markers for
aggressive behavior. These markers seem to have
similar clinical importance as previously reported in
female breast cancer.
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