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High proliferation is associated with inferior
outcome in male breast cancer patients
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Assessment of proliferation is important in female breast cancer and individual treatment decisions are based
upon its results, especially in the luminal subgroups. Gene expression analyses fail to group male breast
cancer into the intrinsic subgroups previously established in female breast cancer. Even though proliferation
has been shown to divide male breast cancer into molecular subgroups with different prognoses, the clinical
importance of proliferation markers has not yet been elucidated. Previous studies in male breast cancer have
demonstrated contradictory results regarding the prognostic impact of histological grade and Ki-67, parameters
strongly associated with proliferation. The aim of the present project was to study proliferation in male breast
cancer by assessing other proliferation-related markers viz. cyclins A, B, D1 and mitotic count. A total of 197
male breast cancer cases with accessible paraffin-embedded material and outcome data were investigated.
Immunohistochemical stainings were performed on tissue microarrays. Kaplan—Meier estimates and the Cox
proportional regression models were used for survival analyses with breast cancer death as the event. The
subset of patients with high expression of cyclin A (hazard ratio (HR) 3.7; P=0.001) and B (HR 2.7; P=0.02)
demonstrated a poorer survival. Furthermore, high mitotic count was associated with an increased risk of
breast cancer death (HR 2.5; P=0.01). In contrast, cyclin D1 overexpression was predictive of better breast
cancer survival (HR 0.3; P=0.001). In conclusion, high levels of cyclin A and B expression and an elevated
mitotic count result in a two to threefold higher risk for breast cancer death, whereas cyclin D1 overexpression

halves the risk. The clinical utility of these proliferation markers needs further elucidation.
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Male breast cancer represents 0.6% of all breast
cancer and because of its rarity, specific treatment
guidelines are lacking. Thus, male patients are
treated according to the guidelines for female breast
cancer. Breast cancer mortality among women has
declined during the last decades because of im-
provements in diagnostic procedures and treatment,
but the corresponding observation has not been
made in male breast cancer.! Recent studies have
indicated that males have a poorer survival than
females, despite having received adjuvant treatment
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to the same extent.?3® In addition, studies on
transcriptional and genomic levels have revealed
important molecular differences between male and
female breast cancer. In a recent study, Johansson
et al* performed gene expression analyses in male
breast cancer and concluded that male breast cancer
tumors could not be classified into the intrinsic
subtypes previously established in female breast
cancer. In line with these data, comparative genomic
hybridization demonstrated significant differences
regarding DNA aberrations compared with female
breast cancer, and a new subgroup unique for male
patients was identified.® Taking all these factors into
account, these findings indicate that male breast
cancer might be a separate tumor entity from female
breast cancer.

Assessment of proliferation is important in female
breast cancer and individual treatment decisions are
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based upon its results, especially in the luminal,
hormone receptor positive subgroups. The clinical
utility of proliferation in male breast cancer has not
yet been fully elucidated. However, it is reasonable
to assume that proliferation, being one of the
hallmarks of cancer, is also of importance in male
breast cancer.

Previous studies regarding immunohistochemical
assessment of proliferation markers and tumor grade
in male breast cancer are contradictory.=® In pre-
vious work from our group, a high percentage of tumors
was considered as high proliferative as regards Ki-67
and Nottingham histological grade, but these varia-
bles did not provide any prognostic information
(unpublished data). Nevertheless, in two recent
studies investigating male breast cancer tumors on
the transcriptional and genomic levels, proliferation
was one of the most important key biological pro-
cesses separating the male subgroups.*®

Proliferation is driven by the cell cycle, which, in
turn, is controlled by rapid (cyclic) changes in the
levels of proteins called cyclin. Cyclins A and B are
involved in the S- and/or M-phase. Cyclin D1 seems
to have a dual role, being involved in the transition
from G1 to S-phase, but also acts as a co-factor for
the estrogen receptor (ER)a. Ki-67 is a nuclear
antigen present during all phases of the cell cycle.'?

Several studies in female breast cancer have
demonstrated that overexpression of Ki-67, cyclin
A and cyclin B is associated with inferior out-
come.'~1® Furthermore, results indicate that cyclins
A and B could have an increased prognostic impact
when compared with Ki-67.1215 The prognostic role
of cyclin D1 in female breast cancer is unclear but
some studies indicate that cyclin D1 may have a
predictive role, with overexpression linked to tamo-
xifen resistance.'®1” Cyclin D1 has been evaluated
in a few smaller studies of male breast cancer and
overexpression seems to be associated with a better
outcome.?18 To date, the other cyclins have not been
evaluated in male breast cancer.

Findings on the molecular level have shown that
proliferation is of importance, but the clinical utility
of proliferation markers in male breast cancer has
not been confirmed. Male breast cancer might not be
exactly the same disease as female breast cancer and
it is important to know how to best assess prolifera-
tion and, if possible, to find out in which subset of
patients information on proliferation is most valu-
able. The aim of this study was to investigate the
prognostic impact of proliferation-related markers in
male breast cancer.

Materials and methods
Patients

The National Cancer Register was used to identify
male patients with invasive breast cancer diagnosed
between 1990 and 2007 in two regions of Sweden
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(Lund and Uppsala-Orebro), covering a total popu-
lation of 3.66 million people. Only patients with
available paraffin-embedded tumor blocks, clinical-
pathological data and outcome data were included
in the study, resulting in 109 patients from Uppsala-
Orebro and 88 patients from Lund. Updated in-
formation on the patients’ vital status and cause of
death was retrieved from the National Population
Register. The study was approved by the local
ethical committee in Uppsala, Sweden.

Tissue Microarray Construction

Representative areas from each tumor block were
punched and brought into recipient paraffin blocks
to construct tissue microarrays. Two 1-mm cores
from each tumor were transferred to the TMA block.
From array blocks, 4 ym thick sections were cut and
transferred to glass slides.

Immunohistochemistry

The tissue microarray slides were deparaffinized in
xylene and rehydrated through a ladder of graded
ethanol (absolute ethanol, 95%, 80% and distilled
water). For cyclin A (NCL-Cyclin A; NovoCastra
Laboratories) and cyclin D1 (RM-9104-S; NeoMar-
kers) antigen retrieval was performed in a micro-
wave oven for 10 min (750 W) + 15 min (350 W) using
a TE-buffer. For Cyclin B (1495-1; Epitomics) antigen
retrieval was done in a pressure cooker for four
minutes with the use of TRS buffer. After antigen
retrieval, all tissue microarray slides were processed
in an automatic immunohistochemistry staining
machine according to the standard procedures
(Autostainer, Dako, Sweden).

Evaluation of Immunoreactivity Scores

Cyclins A and D1 were analyzed by one investigator
(CN) and cyclin B by a second investigator (AK). The
percentage of positively stained cells was assessed
by choosing the high-power field with the largest
number of positively stained cells out of the two
biopsies and dividing by the entire number of cells
from the same high-power field. A minimum of 200
cells per tumor were counted. For cyclins A and D1,
cells with unequivocal nuclear staining and for
cyclin B, nuclear and cytoplasmic staining was
considered as positive (See Figure 1 for example of
cyclin A staining). Cells were manually counted in
high-power fields using a light microscope. It has
previously been shown that the reproducibility of
cyclin scoring on tissue microarrays is good.!®19
Staining procedures and scoring of ER, PR, Ki-67,
HER2 and Nottingham histological grade have been
performed previously (unpublished data). Notting-
ham histological grade is composed of three dif-
ferent features—tubuli, nuclear atypia and mitotic
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Figure 1 Cyclin A stainings in male breast cancer tumors. The first picture (a) is an example of a tumor with high expression and the

second picture (b) illustrates a low expression.

count—which were analyzed as separate variables
in the present study. The assessment of Nottingham
histological grade was performed by a board-certified
breast pathologist (ST) using a Zeiss Axioscope x 40
objective (and x 10 ocular) with a 0.43-mm field
of view.

Evaluation of Proliferation Markers

In the analyses of cyclins A and B and mitotic count,
we used cutoffs previously defined in female breast
cancer; cyclin A, 11%; cyclin B, 7%; and mitotic
count, >10 per field of view.'%20 However, the
cutoffs may not be the same in male breast cancer
and, in order to find the optimal cutoffs for cyclin A,
cyclin B and Ki-67, we used a previously described
method.?? Briefly, the material was divided into 10
equal parts, so-called deciles, and the cutoff values
corresponding to each decile limit were used to
separate the material into a higher and a lower
proliferating group. For each cutoff, the hazard
ratio (HR) for breast cancer death was calculated,
using Cox proportional hazard model. In previous
studies on female breast cancer patients, the
optimal cutoffs were found to correspond to the
7th decile.'5-20

Statistics

Correlations between variables were analyzed by
Spearman’s correlation test. The association be-
tween disease stage and treatment was tested using
x* test. Cox proportional regression was used for
uni- and multivariate analyses. Survival estimates
were calculated with Kaplan—-Meier and log-rank
statistics. Breast cancer death was chosen as the
end-point, other cases were censored. All P-values
are two-sided with statistical significance set at 0.05.
For evaluation of cyclins in comparison with other

clinicopathological variables, we used the results
from a previous study on the same patient material
(unpublished data). The SPSS software package
(version 19) was used for all statistical analyses.

Results
Patient Characteristics

For clinicopathological and treatment characteris-
tics, see Tables 1-2. A majority of patients had loco-
regional disease at diagnosis and underwent surgical,
radiotherapeutic and systemic oncological treatment
according to institutional guidelines. The mean
follow-up time was 54 months (range 0-180). At
the time of data collection, 41 of 197 (21%) patients
had died of breast cancer, and 82 (42%) of other
causes.

Correlations

Cyclins A and B, mitotic count and Ki-67 demon-
strated strong positive correlation with each other.
Cyclin A, but not cyclin B, showed an inverse
correlation to PR, but none of these cyclins demon-
strated any correlation with ER. Cyclin D1 was
correlated to ER, but did not show any correlation
with the other cyclins, Ki-67 or mitotic count
(Table 3).

The Optimal Cutoffs

The mean values of expression for cyclin A, cyclin B
and Ki-67 were as follows: cyclin A, 10% (range 1—
42%); cyclin B, 9% (range 0-29%); and Ki-67, 16%
(range 0-83%). The cutoff values for the 5th
(median) and 7th decile were 9 and 12% for cyclin
A, 8 and 11% for cyclin B, and 14 and 21% for Ki-
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67, respectively. The mitotic count ranged from 0 to
51, with a median value of 11. The 7th decile cutoff
for cyclin A (12%) corresponded well to the
previously defined optimal cutoff in female breast
cancer (11%). When evaluating these cutoffs,
overexpression of cyclin A showed a trend toward
poorer breast cancer survival (P=0.11 and 0.07,
respectively). The prognostic impact was strength-
ened by using the cutoffs corresponding to the 8th
(14%) and 9th decile (17%) with HR 2.1; P=0.05
and HR 3.7; P=0.001, respectively (Table 4;
Figure 2). Overexpression of cyclin B was associated
with an increased risk for breast cancer death when
the cutoff corresponding to the 9th decile (15%) was

Table 1 Clinicopathological characteristics

Variable n %

Age (years)
Tumor size (mm)

Mean 70 (range 23-98)
Median 20 (range 4-100)

Tumor side

Right 85 43

Left 108 55

Data missing 3 2
Tumor size

pT1 91 46

pT2 60 31

pT3 6 3

T4 20 10

NA 20 5
Node status

0 88 45

Positive 78 40

NA 31 15
Metastases

No 178 90

Yes 9 5

Data missing 10 5
Grade

I (NHG 3-5) 15 8

1 (NHG 6-7) 96 49

III (NHG 8-9) 81 41

NA 5 3
ER

Positive (>10%) 183 93

Negative (<10%) 9 5

NA 5 3
PR

Positive (>10%) 152 77

Negative (<10%) 38 19

NA 7 4
Ki-67

High (>14%) 92 47

Low (<14%) 99 50

NA 6 3
HER2

Positive by IHC or SISH 21 11

ER, estrogen receptor.
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used, with HR 2.7; P=0.02. Mitotic count >10 per
field of view was predictive of poorer survival (HR
2.5; P=0.01), whereas no difference between tubuli
1-2 vs 3 or nuclear atypia 1-2 vs 3 could be
demonstrated (data not shown). For cyclin D1, the
3rd decile, (62%), proved to have the highest
prognostic impact. Contrary to the results of cyclin
A and cyclin B, high expression of cyclin D1 was
found to be a marker of better survival (HR 0.3;
P=0.001) (Table 4). In a multivariate model includ-
ing nodal status, tumor size and cyclin D1, nodal
status and cyclin D1 remained as independent
prognostic factors (HR for cyclin D1 0.48; P=0.05).

Cyclin D1 and Endocrine Treatment

The predictive value of cyclin D1 in patients
undergoing adjuvant endocrine treatment was ana-
lyzed. Sixty percent (n=119) of patients underwent
adjuvant endocrine treatment, and all but one (118
of 119) received tamoxifen. Endocrine therapy was
administered more often in higher-stage disease:
79.5% in stage III, whereas only 46.9% in stage I.
Patients with ER positive tumors undergoing endo-
crine treatment had a significantly poorer breast
cancer survival compared with patients with ER
positive tumors not receiving endocrine treatment.
Cyclin D1 overexpression did not influence the
response to endocrine treatment. An analysis of
adjuvant endocrine treatment in patients with ER
positive tumors adjusted for cyclin D1 did not result

Table 2 Treatment characteristics

Treatment n %
Surgery
Mastectomy 179 91
Lumpectomy 12 6
None 2 1
Data missing 4 2
Axillary surgery
SN 10 5
Axillary clearance 153 78
None 29 15
Data missing 5 3

Postoperative radiotherapy

Yes 81 41

No 98 50

NA 18 9
Adjuvant chemotherapy

Yes 21 11

No 158 80

NA 18 9
Adjuvant endocrine therapy

Yes 119 60

No 64 33

NA 14 7
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Cyclin A Cyclin B Cyclin D1 Ki67 Mitosis ER PR Tumor size

Cyclin A 0.78% 0.05 0.44% 0.53% —0.01 —0.192 0.11
Cyclin B 0.78? 0.08 0.53% 0.55° 0.05 —-0.10 0.172
Cyclin D1 0.05 0.08 0.06 0.07 0.24% 0.05 —-0.12
Ki67 0.44% 0.53% 0.06 0.322 0.08 —0.06 0.11
Mitosis 0.53% 0.55 0.07 0.322 0.03 -0.11 0.21b
ER —0.01 0.05 0.242 0.08 0.03 0.28% —-0.10
PR —0.19? —-0.10 0.05 —0.06 —-0.11 0.282 —0.09
Tumor size 0.11 0.172 —0.12 0.11 0.212 —-0.10 —0.09

ER, estrogen receptor.
aSignificant correlation.
Strong correlations (> 0.4) are marked in bold.

in any notable change of the HR for endocrine
treatment; 2.34 (95% CI, 1.02-5.37) vs 2.14 (95% CI,
0.88-5.19) in the unadjusted and adjusted analyses,
respectively.

Discussion

In the present study, we found that overexpression
of cyclin A and cyclin B, and a high mitotic count
were predictive of poorer breast cancer survival in
male breast cancer. Ki-67 was re-evaluated using
different cutoffs but did not demonstrate any
prognostic value. Contrary to the other cyclins,
overexpression of Cyclin D1 was an independent
predictor of a better breast cancer survival.

The median values of cyclins A, B and Ki-67 were
in accordance with previous female breast cancer
materials, indicating that there are no major differ-
ences in the prevalence of the proliferation marker
expression between male and female breast can-
cer.’%20 Cyclin A, cyclin B, mitotic count and Ki-67
were strongly positively correlated to each other,
verifying that these variables are linked in the
tumor’s biological background. When using cutoffs
previously defined in female breast cancer, cyclin A
overexpression showed a tendency to be associated
with an increased risk for breast cancer death.
However, the optimal cutoffs for cyclins A or B
may be different in male breast cancer, and, in order
to define the best cutoff, a previously described
method was used.?? We found that overexpression
of cyclins A and B was associated with poorer
outcome when using the cutoffs corresponding to
the subset of tumors with the highest expression. In
addition, we could demonstrate that a high mitotic
count was associated with an increased risk of
breast cancer death, which further strengthens the
conclusion that proliferation is of prognostic impor-
tance in male breast cancer. Ki-67 did not demon-
strate any prognostic value in this cohort, but some
studies in female breast cancer have shown that Ki-
67 may be a weaker prognostic factor compared with
cyclins A and B'%1% and, hence, a larger cohort may
be needed to be able to establish its prognostic

Table 4 Prognostic impact of proliferation markers in compar-
ison with other clinicopathological parameters

Univariate models

HR 95% CI P

Nodal status

PpNO (ref.) 1.0

pN1 5.4 2.2-13.0 <0.01
Tumor size

<20mm (ref.) 1.0

>20mm 2.9 1.5-5.7 <0.01
ER

>10% (ref.) 1.0

<10% 6.2 2.7-14.2 <0.01
PR

>10% (ref.) 1.0

<10% 2.4 1.2-4.7 0.01
Cyclin A

<17% (ref.) 1.0

>17% 3.7 1.6-8.6 <0.01
Cyclin B

<15% (ref.) 1.0

>15% 2.7 1.2-6.2 0.02
Cyclin D1

<62% (ref.) 1.0

>62% 0.3 0.2-0.7 <0.01
Mitotic count

<10 (ref.) 1.0

>10 2.5 1.3-5.0 0.01

Univariate analyses using Cox proportional hazard regression model.

impact in male breast cancer. Another issue with
potential influence on our results is that a subset of
our patients had received adjuvant and/or palliative
chemotherapy treatment, which is known to dimi-
nish the prognostic impact of proliferation markers
as proliferation is predictive of chemotherapy
response.?%2! This is exemplified in a study investi-
gating cyclin A and Ki-67 in female breast cancer, in
which the overexpression of cyclin A and Ki-67 was
predictive of inferior breast cancer survival only in
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Figure 2 Kaplan—Meier survival analyses of cyclin A using three different cutoffs. The black line represents lower expression and the
gray line higher expression. (a) Cutoff 12%, corresponding to the 7th decile (P=0.11). (b) Cutoff 14%, corresponding to the 8th decile
(P=0.04). (c) Cutoff 17%, corresponding to the 9th decile (P=0.001).

chemo-naive patients.?? Similarly, in our study,
mitotic count was highly predictive of breast
cancer death in the chemo-naive subgroup (HR 6.4,
95% CI 1.9-21.3, P=0.003) compared with the
chemo-treated subgroup (HR 1.9, 95% CI 0.3-11.9,
P=0.47). There were too few events to allow for the
corresponding analyses of the other proliferation
markers. This stratification was not preplanned and
underpowered why it should be interpreted with
caution. Some previous studies in male breast
cancer have indicated a poorer outcome among
patients whose tumors were considered highly
proliferating by immunohistochemical assessment
or tumor grade, which is in line with our
results,%822 although other studies have not been
able to confirm this observation.”-?

Two recent studies on the molecular level have
shown that proliferation is important in the distinc-
tion between high- and low-risk male breast cancer
tumors. In a paper characterizing male breast cancer
tumors by comparative genomic hybridization,
two distinct subgroups could be identified, which
differed from genomic subgroups of female breast
cancer.’ Tumors in the larger male breast cancer
subgroup displayed complex genomic profiles, sig-
nificantly higher proliferation and were associated
with a poor outcome. In the other study, characteriz-
ing male breast cancer tumors by gene expression,
two male breast cancer subgroups largely corre-
sponding to the comparative genomic hybridization-
based groups were identified. The male subgroups
did not resemble any of the widely acknowledged
intrinsic subgroups of female breast cancer. The
larger male subgroup, encompassing 70% of patients,
displayed higher proliferation scores in addition to
other characteristics, indicating a more aggressive
tumor behavior. In both studies, the patient cohorts
were small owing to the rareness of the disease and
the authors stated that male breast cancer subgroups
may be further refined, but larger cohorts are
needed. However, the results clearly show that
male breast cancer is a heterogeneous disease and
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that the male breast cancer subgroups are different
from female breast cancer subgroups.

This is in line with the notion that molecular
subtypes assessed by immunohistochemistry using
classifications validated in female breast cancer are
not directly transferable to male breast cancer
(unpublished data). How to best define male breast
cancer subgroups by immunohistochemical markers
has yet to be determined, but as shown in the
present study, proliferation is a biological process of
importance in this context.

Cyclin D1 did not correlate to the other cyclins,
Ki-67 or mitotic count in our material, suggesting
that cyclin D1 is involved in tumor biological
processes other than proliferation. This is in
accordance with the reports in female breast cancer
showing that overexpression of cyclin D1 does not
correlate to the other cyclins and is more often seen
in ER positive and well-differentiated tumors.?3
Studies evaluating the prognostic role of cyclin D1
overexpression in female breast cancer are contra-
dictory, with some reporting a better?>=25 and others
a poorer outcome.®26 We could demonstrate that
overexpression of cyclin D1 is predictive of better
breast cancer survival in male breast cancer, which
has been indicated in previous reports in male
breast cancer.®'8 The reason for cyclin D1 over-
expression seeming to be associated with a better
outcome despite its proliferation-activating potential
is not fully understood. One hypothesis is that there
might be a complex interaction between key bio-
logical processes in the development of metastases.
An in vitro study demonstrated that a decreased
expression of cyclin D1 was linked to an enhanced
infiltrative potential in the tumor, explained by the
finding that cells in the quiescent phase had a
greater migratory capacity.?” The authors of the latter
study strengthened their finding by demonstrating
that cyclin D1 expression was inversely associated
with tumor size in a female breast cancer material.
This observation could not be verified in our
material. However, on the transcriptional level, a



majority of male breast cancer tumors were strongly
associated with gene-expression patterns represent-
ing tumor migration, which supports the hypothesis
that this is a key tumor biological process in male
breast cancer.*

Cyclin D1 overexpression has been linked to
tamoxifen-resistance in FBC.'6'7 It has been sug-
gested that cyclin D1 has the ability to stimulate ERa
in a ligand-independent manner,?®29 and could as
such reverse the ERa-blocking effect of tamoxifen.
This could be of importance in male breast cancer,
where tamoxifen is considered to be the golden
standard in adjuvant treatment, although there are
no prospective studies that confirm its efficacy.
There are no studies addressing the issue of tamo-
xifen resistance in male breast cancer. In our study,
patients undergoing adjuvant endocrine treatment
had a poorer breast cancer survival compared with
cases without such treatment. The most plausible
explanation for this finding is that treatment was
given more often in higher-stage disease. However,
the prognostic impact of adjuvant endocrine treat-
ment did not change when adjusting for cyclin D1,
indicating that cyclin D1 does not influence the
response to endocrine treatment in male breast
cancer. One reason for this could be that ER
signaling is different in MBC, which was suggested
in a study where a subgroup of male breast cancers
displayed a diminished ER signature, even though a
vast majority of tumors were ER positive by immuno-
histochemistry. In contrast, a decreased ER signa-
ture was only observed in ER negative female breast
cancer tumors.* Other studies have also indicated a
different role of steroid receptors in male breast
cancer, suggesting a reduced functionality of ER.30:31
Consequently, the ER stimulating effect of cyclin D1
may be limited in male breast cancer.

In summary, cyclin D1 expression is a positive
prognostic marker in male breast cancer, although
its predictive value needs to be further investigated.

Although this is one of the largest series of male
breast cancer with available tumor tissue and out-
come data, the moderate power makes interpretation
of nonsignificant results difficult, and hence re-
quires validation. Nevertheless, in addition to the
reliable information on vital status and death cause,
access to clinicopathological and treatment data
strengthen the study. Furthermore, the patients were
identified from a population-based register with
near-complete coverage, leading to an unbiased
patient selection.

In conclusion, our observations show that pro-
liferation is important in male breast cancer and
that cyclins and mitotic count may provide more
reliable prognostic information compared with
Ki-67, which is today widely used when assessing
breast cancer prognosis. Cyclin D1 adds indepen-
dent prognostic information; however, its predic-
tive value is still unclear. Further studies are
warranted to establish the optimal marker and
cutoff values.
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