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ABSTRACT

Objective: The primary objective of this study was to delineate differences in management, overall and distant disease-free survival in males diagnosed
with breast cancer and treated at The Ohio State University Comprehensive Cancer Center as compared to comprehensively matched female subjects.
Secondary objectives included assessment of clinical and histopathologic features and recurrence score, as measured by Oncotype DX and the modified
Magee equation #2.

Materials and Methods: This single institution retrospective study compared male and comprehensively matched female patients (1:2) with stage
I-III breast cancer between 1994 and 2014. Recurrence risk was estimated using a modified Magee equation. Overall survival and distant disease-free
survival were estimated and compared using Kaplan-Meier and Log-rank methods.

Results: Forty-five male breast cancer patients were included (stage I: 26.7%; stage II: 53.3%; stage I1I: 20.0%; hormone receptor positive: 97.8%; hu-
man epidermal growth factor receptor 2 negative: 84.4%) with a median age of 63.8 (43.0-79.4) years at diagnosis. Intermediate and low recurrence scores
were most common in male and female patients respectively; mean score was similar between groups (20.3 vs. 19.8). The proportion of male breast cancer
patients treated with adjuvant chemotherapy and post-mastectomy radiation was lower compared to female patients (42.2% vs. 65.3%, p=0.013; 22.7%
vs. 44.4%, p=0.030, respectively). Overall survival and distant disease-free survival between male and female patients were similar.

Conclusion: Male breast cancer patient outcomes were similar compared to well-matched female patients suggesting that breast cancer specific factors
are more prognostic than gender.
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Introduction

Male breast cancer (MBC) is a rare disease, accounting for approximately 1-2% of all documented breast cancer cases (1). Compared to
female breast cancer, MBC generally presents at an older age and later stage, with larger tumor sizes, higher nuclear grades and higher
frequency of lymph node involvement (2, 3). Such differences may arise due to the rarity of MBC, resulting in lower patient awareness
and subsequent delays in proper diagnostic workup. In addition, there is a lack of level-one evidence for the best management strategies of
MBC, as it is exceedingly difficult to accrue sufficient numbers of MBC patients to prospective clinical trials. To date, many MBC studies
have been retrospective and descriptive in nature and do not have a formal comparison to female subjects. Larger studies often rely on
unmatched population-level comparisons and lack detailed patient management information (4, 5). The few MBC studies that have used
matched female cohorts, have often not sufficiently controlled for potential cofounding factors, such as date of diagnosis, age at diagnosis
and hormone (HR) or human epidermal growth factor receptor 2 (HER2) receptors status (6-8). As such, current treatment practices for
patients with MBC are largely based on extrapolation from clinical trials enrolling female breast cancer patients with a similar stage and
histopathologic subtype.

Furthermore, in the MBC literature, it is uncertain whether prognostic genomic tests, such as Oncotype DX recurrence score (RS) (RS;
Genomic Health, Redwood City, CA), can be used to help estimate prognosis and identify MBC patients who will benefit from chemo-
therapy, given that these scores are based on studies performed in female breast cancer patients (9-11). Limited data exists on the utility of
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Oncotype DX for MBC (12-15). As a result, there have been greater
strides for women in breast cancer detection, incidence, and mortality
compared to men (1, 2).

The main objective of this study was to compare clinical characteris-
tics, treatment practices and outcomes between male and comprehen-
sively matched female patients with breast cancer treated at a single
institution, The Ohio State University Comprehensive Cancer Center
(OSUCCC). We also obtained the results of Oncotype DX in male
and female cohorts, when available, and calculated RS based on modi-
fied Magee scores (University of Pittsburgh Medical Center (UPMC)
Magee-Women’s Hospital), a less expensive and well-validated alterna-
tive that estimates RS based on several pathological variables and semi-
quantitative immunohistochemical results (16, 17).

Materials and Methods

Study design

This study was a retrospective chart review of clinical and histopatho-
logic data from breast cancer patients seen at the OSUCCC between
1994 and 2014.

Ethical Committee: The study was approved by the Ohio State Uni-
versity Cancer Institutional Review Board (OSU IRB 2015C0153).

Informed Consent: Due to the retrospective nature of the study, a full
waiver of the informed consent process was obtained from the Ohio
State University Cancer Institutional Review Board.

Eligibility: Eligible patients were identified by ICD-9 code (174.0-
174.9) and included MBC patients who received treatment at this
institution. Patients with incomplete clinical data and those treated
at other institutions were excluded. The MBC cohort was compre-
hensively matched in a 1:2 ratio to a female cohort (see “Statistical

Methods” below for details).

Data collection

Data were initially queried and obtained from The Ohio State Univer-
sity Information Warehouse and uploaded into Research Electronic
Data Capture (REDCap) (18). Data missing from the initial query
were populated using manual review of each patient’s electronic medi-
cal record. The following data were extracted from patients’ records:
demographic information, stage at diagnosis (based on the American
Joint Committee on Cancer (AJCC) 7" edition), tumor grade, estro-
gen receptor (ER) and progesterone receptor (PR) and HER2 status,
Oncotype DX RS, location and date of distant metastases, locore-
gional and systemic management information, date of death and last
known follow-up.

Outcomes measures

The primary objective of this study was to delineate differences in
management, overall and distant disease-free survival in males diag-
nosed with breast cancer and treated at the OSUCCC as compared

Key Points

e Well matched study between male and female breast cancer with
regard to clinical features, management and outcomes.
e Assessment of overall survival and distant disease free survival in

both cohorts.

. Description of differences in treatment modalities in both male and
female breast cancer cohorts.

to comprehensively matched female subjects. Secondary objectives in-
cluded assessment of clinical and histopathologic features and the RS,
as measured by Oncotype DX and the modified Magee equation #2.
Oncotype DX is a commonly used 21-gene reverse transcription, poly-
merase chain reaction assay performed on breast tumor tissue that esti-
mates the 10-year risk of recurrence and predicts benefit from chemo-
therapy (the details have been extensively described previously) (11).
‘The modified Magee equation #2 incorporates tumor grade (based on
Nottingham Score), ER and PR expression (based on H-Score), HER2
amplification, and tumor size to give a validated estimate of Oncotype
DX RS (16, 19). The equation was derived from a linear regression
analysis of a large single-institution patient cohort (n=800). RSs are
reported on a scale of 0-100 and used to be categorized into low (<18),
intermediate (18-30) and high (>30) (11). More recently, a large pro-
spective study demonstrated that RS of <25 and <15 were associated
with excellent prognosis and lack or benefit from adjuvant chemo-
therapy in women aged >50 years and <50 years respectively (20).

Statistical analysis

The MBC cohort included 45 men diagnosed with non-metastatic
breast cancer from 1994-2014. The female cohort included randomly
selected female breast cancer patients that were matched at a male-
to-female ratio of 1:2 (if matched female breast cancer patients were
available) on the following criteria: age of diagnosis, year of diagnosis
(both within 5 years), stage at diagnosis, ER, PR, and HER2 status.
Matching was done using variable optimal matching (vmatch macro)
(21). Two female matches were identified for 34 males, one female
match for seven males and there were no matches found for four male
patients.

Demographic and clinical characteristics as well as treatment modali-
ties were summarized for the two cohorts using descriptive statistics.
Comparisons between males and females included treatment manage-
ment for patients, clinical characteristics of patients (see Data Collec-
tion section), and RS. Categorical variables were compared between
males and females using either a Chi-square test/Fisher’s Exact test,
and continuous variables were compared with a two sample t-test/
Wilcoxon Rank Sum test. Overall survival (OS) was defined as the
time from date of diagnosis to date of death, and distant disease-free
survival (DDFS) was defined as the time from date of diagnosis to
first metastases or death. Patients were censored at the date last known
to be alive. OS and DDEFS estimates were generated by sex using Ka-
plan Meier methods and were compared between sexes using Log-rank
tests. All data analyses were performed using suite of analytics software
(SAS) 9.4 (SAS Institute Inc., Cary, NC, USA) or Stata 14 (StataCorp
LLC, College Station, TX, USA).

Results

Patient characteristics

A total of 45 male patients and 75 matched female patients were in-
cluded in this study. A summary of demographic and clinical char-
acteristics is displayed in Table 1. Both males and females were pre-
dominately white (77.8% and 85.3%, respectively). The median age
at diagnosis for males and females was 63.8 years and 63.1 years, re-
spectively, and the median body mass index at diagnosis was 31.0 and
29.9, respectively. Male patients were predominantly HR positive and
HER2 negative (97.8% were ER and/or PR positive; 8.9% HER2+;
6.7% HER2 unknown; 2.3% Triple Negative) and the majority were
stage II at the time of diagnosis (stage I: 26.7%; stage II: 53.3%; stage
III: 20.0%). The proportion of patients with pathologically positive



lymph nodes was lower in males than females (46.7% and 57.3%,
p=0.225, respectively). Male patients also had a higher proportion
of intermediate and high-grade tumors compared to female patients
(Low: 13.3% vs. 30.7%; Intermediate: 64.4% vs. 46.7%; High:
22.2% vs 18.7%, respectively). In patients who experienced distant re-
currence (n=45 for males and n=75 for females), bone, brain, and liver
metastases were more common in women, whereas lung metastases
were more common in men (Table 2).

Table 1. Demographic and clinical characteristics of
male and female breast cancer patients

Males Females
(n=45) (n=75)
Characteristics No. (%) No. (%)

Age at diagnosis,

median (range) 63.8 (43.0-79.4) 63.1 (42.0-79.0)

BMI at diagnosis,

median (range) 31.0 (20.0-45.5) 29.9 (16.1-48.5)

Race

White 35 (77.8) 64 (85.3)

Black 7 (15.6) 9 (12.0)

Other 3(6.7) 2(2.7)
Stage

1 12 (26.7) 21 (28.0)

2 24 (53.3) 37 (49.3)

3 9 (20.0) 17 (22.7)
Grade

1 6 (13.3) 23(30.7)

2 29 (64.4) 35 (46.7)

3 10 (22.2) 14 (18.7)

Unknown 0 (0.0) 3 (4.0)
Lymph node status

Positive 21 (46.7) 43 (57.3)

Negative 24 (53.3) 1(41.3)

Unknown 0 (0.0) 1(1.3)
ER status

Positive 44 (97.8) 73 (97.3)

Negative 1(2.2) 2 (2.7)
PR status

Positive 38 (84.4) 64 (85.3)

Negative 5(11.1) 1(14.7)

Unknown 2 (4.4) 0 (0.0)
HER?2 status

Positive 4(8.9) 5(6.7)

Negative 38 (84.4) 70 (93.3)

Unknown 3(6.7) 0(0.0)

BMI: body mass index; ER: estrogen receptor; PR: progesterone receptor;
HER2: human epidermal growth factor receptor; SD: standard deviation
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Treatment modalities

Table 3 summarizes treatment management of the study cohorts. There
were several differences in the management observed between the male
and female cohorts. As expected, use of breast-conserving surgery dif-
fered significantly, with male patients undergoing mastectomies more
frequently than female patients (97.8% vs. 60.0%, p<0.001). No male
patients had breast-conserving surgery, compared to 27 female pa-
tients (36.0%). Of the patients who underwent a mastectomy, fewer
males were treated with radiotherapy compared to matched female pa-
tients (22.7% vs. 44.4%; p=0.030). In addition, a lower percentage of
males received chemotherapy compared to females (42.2% vs. 65.3%;
p=0.013), with similar proportions receiving anthracycline-containing
chemotherapy (33.3% vs. 46.7%; p=0.152). However, these observa-

Table 2. Clinical summary of male and female
patients with metastatic disease

Males Females
(n=45) (n=75)
No. (%) No. (%)
Site of metastases
Bone 3(6.7) 14 (18.7)
Brain 0 (0.0) 3 (4.0)
Liver 2 (4.4) 8(10.7)
Lung 3(6.7) 3 (4.0)
Other 0 (0.0) 3 (4.0)

Table 3. Summary of treatment management of
male and female breast cancer patients

Males Females
(n=45) (n=75)
Treatment No. (%) No. (%) p
Surgery
Complete mastectomy 44 (97.8) 45 (60.0)
Lumpectomy 0(0.0) 27 (36.0)  <0.0001
None 1(2.2) 3(4.0)
Radiotherapy 11 (24.4) 47 (62.7)  <0.0001
Post-mastectomy 10 (22.7) 20 (44.4) 0.0302
Chemotherapy 19 (42.2) 49 (65.3) 0.0134
Anthracyclines 15(33.3) 35 (46.7) 0.1515
Endocrine therapy 41 (91.1) 69 (92.0) 1.0000
Tamoxifen 38 (84.4) 19(25.3) <0.0001
Al 10 (22.2) 64 (85.3)  <0.0001
SERD 1(2.2) 4(5.3) 0.6492
GnRH agonists 4(8.9) 3 (4.0) 0.4228
Median (range) 59.7 59.5 0.8141

duration, months (7.7-186.1)° (0.4-122.3)°

Al: aromatase inhibitor; GnRH: gonadotropin releasing hormone; SD:
standard deviation; SERD: selective estrogen receptor degrader. >n=40;
bn=69
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tions may be the result of lower proportion of MBC patients with
node positive disease, thus not meeting standard criteria for post-mas-

tectomy radiation and adjuvant chemotherapy.

There was no significant difference in the proportion of endocrine ther-
apy use between male and female patients (91.1% vs. 92.0%, p=0.999).
Compared to females, the majority of male patients received tamoxifen
(84.4% vs. 25.3%, p<0.001), whereas most female patients received an
aromatase inhibitor (AI) (85.3% vs. 22.2%, p<0.001). Crossover be-
tween tamoxifen and Al therapy occurred in 8 female patients. There was
no difference in median duration of adjuvant hormonal therapy between
male and female patients (59.7 months vs. 59.5 months, p=0.814). Ad-
herence to endocrine therapy was similar between the 2 groups with
72.5% MBC patients completing at least 48 months of tamoxifen com-
pared to 63.8% of matched female breast cancer (p=0.350).

Survival

Survival results are summarized in Table 4 and Figure 1 and 2. No
difference in the Kaplan-Meier curves was found between males and
females in OS or DDFS (OS: p=0.287; DDFS: p=0.318; Figure 1).
Among patients receiving chemotherapy, marginal differences were de-
tected in OS and DDFS between males and females favoring male pa-
tents (p=0.054 for OS; p=0.045 for DDFS; Figure 2a and b) and no
differences were detected in OS or DDFS between males and females
treated without chemotherapy (p=0.172; p=0.102; Figure 2c and d).

Table 4. Survival analysis of male and female
breast cancer patients

Males Females
(n=45) (n=74)
Treatment No. (%) No. (%) P
Overall Survival
Death 8(17.8)  16(21.6)  0.287
Median TTD, years N/A 12.9
Distant Disease-Free Survival
Disease progression 9 (20.0) 18 (24.3) 0.318
Median TTP, years N/A 11.1

TTD: time to death; TTP: time to progression

Table 5. Recurrence risk calculation using
Oncotype DX and the modified Magee equation

Males Females p
Oncotype DX n=5 n=12
RS; mean (SD) 18.8 (5.7) 13.7 (9.4) 0.2777
Range 11-26 0-33
Modified Magee n=26 n=47
RS; mean (SD) 20.3(6.3) 19.8(8.1)  0.8222
Low; n (%) 9(34.6)  23(48.9)
Intermediate; n (%) 16 (61.5) 18 (38.3) 0.1620
High; n (%) 1(3.9) 6 (12.8)

RS: recurrence score; Low: RS<18; Intermediate: 18<RS<30; High: RS>30

Oncotype DX and modified Magee recurrence scores

Table 5 provides the summary of Oncotype DX and Magee scores in
the study cohorts. Oncotype DX RSs were available for 5 men (11.1%)
and 12 women (16.0%). Due to the low number of Oncotype DX
testing performed, the modified Magee equation was used to estimate
recurrence risk. The modified Magee recurrence scores could be cal-
culated for 26 men (57.8%) and 47 women (62.7%). Mean scores
were similar between male and female cohorts (20.3, range 7.5-31.2,
SD 6.3 vs. 19.8, range 8.8-39.4, SD 8.1; p=0.822). There was also
no statistically significant difference in the categorized Magee score
distribution between males and females, although, the intermediate
score was most common in male subjects, while the low score was most
common in female subjects (Low: 34.6%; Intermediate: 61.5%; High:
3.9% for males and Low: 48.9%; Intermediate: 38.3%; High: 12.8%
for females, p=0.162).

Discussion and Conclusion

‘This single institution, retrospective study compared clinical and his-
topathologic features, management, and outcomes between patients
with stage I-III MBC and a well-matched female breast cancer cohort.
As expected, MBC patients in our study primarily presented with a
higher rate of HR-positivity (97.8%) and a lower rate of HER2 am-
plification (8.9%) compared to historical female breast cancer data
(approximately 75% HR+; 18-25% HER2+) (6, 22, 23). Results sug-

a b

Overall Survival Distant Disease Free Survival

p=0.287 p=0.318

Figure 1. a, b. Survival estimates in male and female study subjects.
(@) Overall survival. (b) Distant disease-free survival
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Figure 2. a-d. Overall and distant disease-free survival between male
and female patients based on receipt of chemotherapy. (a) Overall
survival in patients treated with chemotherapy. (b) Distant disease-
free survival in patients treated with chemotherapy. (c) Overall
survival of patients not treated with chemotherapy. (d) Distant
disease-free survival of patients not treated with chemotherapy



gested no overall differences in OS or DDEFS, but there were important
differences in the management of cancer between the two cohorts. For
instance, while the use of hormone therapy overall did not differ be-
tween the male and female cohorts (as expected tamoxifen was used
much more frequently in male subjects) the rate of breast conserving
surgery and adjuvant chemotherapy was significantly lower in male
patient compared to well match female subjects.

Use of tamoxifen as adjuvant endocrine therapy for MBC is in line
with contemporary best practices as evidenced by a strong preference
for tamoxifen use over Als in most previously published reports (2, 7,
24). The median duration of endocrine therapy was similar between
MBC and female breast cancer patients and approached the 5-year
standard of care at the time. Furthermore, 72.5% MBC patients in our
study completed at least 48 months of tamoxifen compared to 63.8%
of matched female breast cancer (p=0.350). Tamoxifen adherence (de-
fined as > 80%) in female breast cancer is associated with improved
OS (25). Local treatment for breast cancer differed between the two
cohorts, with every male patient in this study who had breast surgery
for operable cancer undergoing a mastectomy, a finding comparable
to existing literature (24, 26). There are several explanations for this
finding, including the scarcity of breast tissue and tendency for men
to present with more advanced disease, including larger tumor size
and higher rates of chest wall and retro-areolar infiltration (27). Fur-
thermore, the results show that the proportion of males on adjuvant
radiotherapy after mastectomy was much lower compared to females.
Existing literature has reported anywhere between 3-100% of male
patients received adjuvant radiotherapy and are largely heterogeneous
in their conclusions, some of which are artifacts of high prevalence of
advanced disease with axillary nodal involvement (28-33). The lower
proportion of lymph node positivity in male patients relative to female
patients in our study may confound our observations. There was no
significant difference in OS or DDFS between male and female co-
horts in this study. Previous retrospective studies also found no differ-
ence in OS or progression-free survival in MBC compared to female
breast cancer when matched by age and stage (3, 4, 34, 35). Therefore,
long-term outcomes of male patients may not be significantly different
from female patients when matched for stage, HR and HER?2 status,
age of diagnosis, and other prognostic factors, despite significant dif-

ferences in management.

Since most prognostic tests are based on female study populations and
do not account for sex-based genomic or molecular disparities, dif-
ferences in RS as determined by Oncotype DX for male and female
breast cancer are an important area of active research (13, 36, 37). A
recent study of 322 men demonstrated that MBC patients are dissimi-
lar in terms of prognostic information contained within the Oncotype
DX RS results. Among breast cancer patients with high RSs (RS >31),
the 5-year breast cancer-specific survival was significantly lower for
MBC than female patients (12). In order to address RS discrepancies
between the male and female breast cancer patients, we assessed RSs
with a modified Magee equation (16). We found that overall, modified
Magee scores were similar between male and female cohorts. However,
male patients more commonly had intermediate RSs, while matched
female patients more commonly had low RSs. These minor differences
may be attributed to variation in tumor biology as measured by the un-
matched Magee score parameters, namely H-score and tumor grade.
Unfortunately, due to a small sample size, we were unable to compare
DDES and OS between low, intermediate and high Magee recurrence
scores. Interestingly, there was discrepancy in chemotherapy use based
on RS as calculated by Magee equation with higher proportion of fe-
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male breast cancer patients treated with adjuvant chemotherapy across
all RS categories. Within the low RS group, 22% of MBC patients
(2 out of 9) and 35% female patients (8 of 23) had chemotherapy. In
the intermediate category, 50% of males and 83% of female patients
had chemotherapy. The high RS group had no MBC patient who had
chemotherapy, while 5 out of 6 female patients (83%) had adjuvant
chemotherapy.

We feel that the biggest strength of present study is the use of a cohort
of female breast cancer patients that were well-matched to the male
patients: the majority of male patients were matched with two females
based on age of diagnosis (within five years), year of diagnosis (within
five years), stage at diagnosis, ER, PR, and HER2 status. There are,
however, some limitations of this analysis that are worth noting. The
study spans a large time frame, during which standard therapies for
breast cancer have changed. However, we attempted to minimize the
effect of the diagnosis date by matching patients that were diagnosed
within 5 years of each other. Despite this comprehensive matching
used in this study, less stage IIA MBC patients had node positive dis-
ease than stage IIA female patients, which could explain imbalances in
the proportion of patients receiving post-mastectomy radiation and
adjuvant chemotherapy. In addition, although a broad time frame was
used to capture cases, the number of male cases was relatively small
which prevented analysis of the association between survival and RSs
and limits the generalizability of the survival analysis. Furthermore,
the paucity of histopathological data in certain patients limited our
use of the modified Magee equation and resulted in about 45% of
cases missing RSs.

In conclusion, the rarity of MBC makes it very challenging to study
this population in either randomized clinical trials or cohort studies.
Aside from the International Male Breast Cancer Program of the Euro-
pean Organization for Research and Treatment of Cancer (EORTC),
this study is one of the largest matched cohort studies to date. Results
highlight that there is no significant difference in overall or distant
disease-free survival, despite some differences in management of the
disease between male and well-matched female breast cancer patients.
This suggests that breast cancer specific factors rather than gender play
a role in patient outcome and early detection and appropriate treat-
ment are critical factors affecting survival of male patients with breast

cancer.
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