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Abstract

Background.—Men represent a small proportion of breast cancer diagnoses, and they are often
excluded from clinical trials. Current treatments are largely extrapolated from evidence in women.
We compare practice patterns between men and women with breast cancer following the
publication of several landmark clinical trials in surgery.

Patients and Methods.—Patients with invasive breast cancer (2004—-2015) from the National
Cancer Data Base were identified; subcohorts were created based on eligibility for NSABP-B06,
CALGB 9343, and ACOSOG Z0011. Practice patterns were stratified by gender and compared.
Cox proportional hazards regression analyses were utilized to estimate the association between OS
and gender.

Results.—Of the 1,664,746 patients identified, 99% were women and 1% were men. Among
NSABP-BO06 eligible men, mastectomy rates did not change (consistently ~ 80%), and their
adjusted OS was minimally worse compared with women (HR 1.19, 95% CI 1.11-1.28).
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Following publication of CALGB 9343, omission of radiation after lumpectomy was less likely in
men and lagged behind that of women, despite similar OS (male HR 0.92, 95% CI 0.59-1.44).
Application of ACOSOG Z0011 findings resulted in deescalation of axillary surgery for men and
women with comparable OS (male HR 0.69, 95% CI 0.33-1.45).

Conclusions.—Uptake of clinical trial results for men with breast cancer often mirrors that for
women, despite exclusion from these studies. Furthermore, when study findings were applied to
eligible patients, men and women demonstrated similar survival. Observational studies can help
inform the potential application of study findings to this unique population and improve patient
enrollment in clinical trials.
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INTRODUCTION

Men with breast cancer account for < 1% of all breast cancer patients, and they are often
excluded from clinical trials.1:2 Furthermore, most studies related to male breast cancer are
based on older data and may not accurately reflect contemporary practice patterns.1—>
Current treatment strategies for men with breast cancer are largely extrapolated from
evidence in women, as demonstrated in the recent guidelines published by the American
Society of Clinical Oncology (ASCO).6 For women with breast cancer, three important
practice-changing trials around local-regional management include National Surgical
Adjuvant Breast and Bowel Project B-06 (NSABP-B06), Cancer and Leukemia Group B
9343 (CALGB 9343), and American College of Surgeons Oncology Group Z0011
(ACOSOG Z0011). For NSABP-B06, women with small (< 4 cm) breast cancers were
randomized to total mastectomy, lumpectomy, or lumpectomy and radiation.”-8 Women who
underwent mastectomy had similar outcomes to those who underwent lumpectomy and
radiation.’” For CALGB 9343, elderly women with small, clinically node negative, estrogen-
receptor-positive (ER+) breast cancer who underwent lumpectomy and received tamoxifen
were randomized to receive either adjuvant radiation or no radiation.®10 Although radiation
receipt significantly decreased local recurrence rates, the absolute rates of recurrence were
low in both groups. Regardless, there was no difference in overall survival.? For ACOSOG
Z0011, women with small (cT1-2), clinically node negative breast cancer who underwent
lumpectomy and were found to have 1-2 positive sentinel nodes were randomized to receive
an axillary lymph node dissection (ALND) or no further axillary surgery.1112 Final analyses
revealed no difference in survival in these two groups.11

Importantly, all of these studies excluded men, and although it has been assumed that the
same data would apply to men, it has not been prospectively studied. It is also unclear
whether providers have adopted these findings into their management strategy for men with
breast cancer. As such, in an era where women with breast cancer are managed based on
high-level evidence, we seek to explore how these same treatments are being applied to men
with breast cancer. Specifically, we aim to compare contemporary practice patterns over
time between men and women with breast cancer following the publication of three
landmark local-regional clinical trials (NSABP-B06, CALGB 9343, and ACOSOG Z0011).
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PATIENTS AND METHODS

Patients diagnosed with breast cancer between 2004 and 2015 from the National Cancer
Data Base (NCDB, 2015 Participant User File) were selected. Patients with non-WHO-
defined histology,® noninvasive, or TO/Tis breast cancer were excluded. Anatomic and
prognostic stage groups were based on the American Joint Committee on Cancer Staging
Manual, 8th edition.1* The cohort was stratified by gender, and subcohorts were created
generally based on trial eligibility for NSABP-B062 CALGB 9343,10 and ACOSOG
Z0011.11 Additional exclusion criteria were applied to each subgroup analysis as specified
below, in alignment with those used for the original clinical trial inclusion/exclusion criteria.

For the NSABP-B06 subgroup analysis, we included those with clinical stage T1-2, NO-1,
MO invasive breast cancer; those who underwent lumpectomy must have received adjuvant
radiation; those who received neoadjuvant therapies were excluded; any type of axillary
nodal surgery was allowed. For the CALGB 9343 subgroup analysis, we included those aged
> 70 years with clinical stage T1, NO, M0, ER+ invasive breast cancer who underwent
lumpectomy and received adjuvant endocrine therapy; those with missing radiation
information or who received neoadjuvant therapies were excluded; any type of axillary nodal
surgery was allowed. For the ACOSOG Z0011 subgroup analysis, we included those with
clinical stage T1-2, NO, MO invasive breast cancer who underwent lumpectomy and had at
least 1 lymph node removed at the time of surgery; those who were found to have 1-2
positive lymph nodes at the time of surgery were included; those who received neoadjuvant
therapies were excluded. Based on prior work,1® sentinel lymph node biopsy (SLNB) was
defined as removal of < 5 lymph nodes; ALND was defined as removal of = 10 lymph
nodes; and those with 6-9 lymph nodes removed were excluded from this subgroup analysis
to minimize assumptions regarding the surgeon’s intent of the axillary procedure.

Patient characteristics were summarized, with N (%) for categorical variables and median
(interquartile range) for continuous variables for all patients. The Chi square test was used to
compare categorical variables, and #tests were used to compare continuous variables.
Patient characteristics were also compared within stage I-I11, stage 1V, and within each
subcohort for the three trials, separately. After stratifying by gender, practice patterns were
compared over time.

Overall survival (OS) was defined as the time from diagnosis to death or last follow-up.
Kaplan—-Meier (K-M) curves were used to visualize unadjusted OS, and the log-rank test
was used to test for a difference between genders. Cox proportional hazards regression
analyses were utilized to estimate the association between OS and gender, after adjustment
for known covariates, including year of diagnosis (2004-2009 vs 2010-2014), facility type/
location, patient age, insurance status, race/ethnicity, Charlson/Deyo comorbidity score,
tumor histology, size, grade, number of positive lymph nodes, ER status, progesterone
receptor (PR) status, human-epidermal-growth-factor-receptor-2 (HERZ2) status, type of
breast surgery, chemotherapy receipt, radiation receipt, and endocrine therapy receipt. The
analysis was repeated for different stages and for each clinical trial subcohort.
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A pvalue < 0.05 was considered statistically significant, and no adjustments were made for
multiple comparisons. Analyses were conducted using SAS version 9.4 (SAS Institute, Cary,
NC) and R version 3.5.0. Due to use of deidentified data, our institutional review board
granted the study exempt status.

RESULTS

Of the 1,664,746 patients identified, 99% were women (N = 1,648,070) and 1% were men
(N=16,676) (Supplementary Fig. 1). The median follow-up was 68.1 months. Compared
with women, men were diagnosed at an older age (median 66 years vs 61 years, p< 0.001),
and correspondingly, men tended to have higher Charlson/Deyo comorbidity scores (score =
1: 20.1% in men vs 14.9% in women, p < 0.001). Men presented with larger tumors (median
2vs 1.6 cm, p< 0.001), higher nodal stage (clinically node positive 24% vs 19.6%, p <
0.001), and higher grade tumors (grade 2/3, 85.7% vs 77.7%, p < 0.001), despite the finding
that triple-negative breast cancer (TNBC) and HER2+ cancers were less common in men
(TNBC 4.7% vs 12.7%; HER2+ 12.4% vs 14.8%; p < 0.001). Interestingly however, median
Oncotype DX recurrence scores were similar (15 vs 16, p=0.02). Men were more likely to
be diagnosed with de novo metastatic disease (11.4% vs 7.6%, p < 0.001) (Table 1;
Supplementary Table 1).

Men were significantly more likely to undergo mastectomy (70.1% vs 39.7%, p < 0.001) and
more extensive axillary surgery (= 10 lymph nodes examined, 36.3% vs 24.9%, p < 0.001).
Men were less likely to receive postlumpectomy radiation (66.4% vs 81.9%), although rates
of postmastectomy radiation were similar between men and women (27.9% vs 28.2%).
Rates of chemotherapy (42.5% vs 45%) and endocrine therapy if hormone-receptor-positive
(HR+ 48.8% vs 51.9%) were also similar between genders, but men were less likely to
undergo neoadjuvant chemotherapy (6.8% vs 11.1%, p < 0.001) (Table 2).

Compared with women, men had a worse unadjusted OS within each clinical anatomic
stage, although the difference for those with stage IV disease was small (Supplementary Fig.
2). Similar findings were noted when stratified by clinical prognostic stages (men generally
had a worse unadjusted OS), except for those with stage 111 disease, whose OS was not
significantly different (Supplementary Fig. 3).

For the NSABP-B06 subgroup analysis, a similar proportion of men and women were
eligible based on the inclusion criteria (42.6% vs 43.1%, p = 0.26; Table 2). However, the
men tended to be older than the women (median age 66 years vs 61 years, p< 0.001), had
larger tumors (median tumor size 19 mm vs 15 mm, p < 0.001), and had more lymph node
involvement (median number of positive nodes 4 vs 3, p< 0.001; Supplementary Table 2).
Among eligible men, mastectomy rates did not significantly change following publication of
the 20-year follow-up results in 2002 (consistently ~ 80%; Fig. 1a). When stratified by
gender, the unadjusted OS rates were slightly worse for men with breast cancer compared
with women (Fig. 2a). However, when stratified by gender and local-regional management
(surgery % radiation), the unadjusted OS was similar for men and women undergoing breast
conservation (5 years OS 0.93 vs 0.93; Fig. 2b). After adjustment, men eligible for NSABP-
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BO6 had a slightly worse OS compared with women (HR 1.19, 95% CI 1.11-1.28, p<
0.001; Table 3).

Men were less likely than women to meet inclusion criteria for the CALGB 9343 subgroup
analysis (1.6% vs 5.2%, p< 0.001; Table 2). However, the median age, tumor size, and
number of positive lymph nodes were similar between men and women (Supplementary
Table 3). Following publication of the early results from CALGB 9343 in 2004, omission of
radiation therapy after lumpectomy was less likely in men and lagged behind that of women
(Fig. 1b). However, men and women had a similar unadjusted OS (5 years OS 0.88 vs 0.86;
Fig. 2c). After adjustment, the OS remained similar for men and women [women: reference
(REF); men: HR 0.92, 95% CI 0.59-1.44, p=0.72; Table 3].

For the ACOSOG Z0011 subgroup analysis, men were less likely than women to meet the
study inclusion criteria (1% vs 2.8%; p< 0.001; Table 2). The median age at diagnosis,
tumor size, and number of positive lymph nodes were similar between men and women
(Supplementary Table 4). The application of ACOSOG Z0011 trial findings resulted in
deescalation of axillary surgery, a trend that was similar between men and women (Fig. 1c).
Furthermore, the unadjusted OS was comparable between men and women (5 years OS 0.93
vs 0.90, p=0.37; Fig. 2d), which remained true after adjustment (women: REF; men: HR
0.69, 95% CI 0.33-1.45, p=0.33; Table 3).

DISCUSSION

For men and women with breast cancer, we sought to compare changes in practice patterns
following publication of three landmark local-regional clinical trials (NSABP-B06, CALGB
9343, and ACOSOG Z0011). After release of the long-term follow-up from NSABP-B06,
men continued to undergo mastectomy at similar rates, despite a proven survival benefit,
although this may be influenced by patient preferences as well. This contrasts with the
observed changes in practice patterns after publication of CALGB 9343 and ACOSOG
Z0011. Although practice patterns lagged for men, we did observe a similar change in
radiation omission after lumpectomy for men and women eligible for CALGB 9343. For
those eligible for ACOSOG Z0011, we noted a similar rate of deescalation of axillary
surgery between men and women. Furthermore, our survival analysis showed no significant
differences in OS between trial-eligible men and women for CALGB 9343 and ACOSOG
Z0011. The analysis of the NSABP-BO06 trials in the male breast cancer population
demonstrated a slightly worse OS compared with women. Importantly, however, there did
not appear to be a significant difference in OS between the breast-conserving therapy (BCT)
cohorts. Overall, our findings highlight a potential larger issue—men with breast cancer are
often excluded unnecessarily from potentially practice-changing and/or life-saving therapies
until results are published. Furthermore, the routine uptake of evidence into clinical practice
may take years in the best circumstances,18 and this may impact outcomes for men with
breast cancer, although additional studies would be needed to explore this potential
association.

Surgical resection is the most common treatment for nonmetastatic breast cancer in men and
women.17 In our male cohort, 70.1% of men underwent mastectomy, which aligns with
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multiple studies reporting that men most often receive mastectomy versus BCT, despite
ASCO and National Comprehensive Cancer Network (NCCN) guidelines that suggest the
equivalence of mastectomy and BCT for many patients with breast cancer, regardless of
gender.3:17-23 Notably different than would be expected for women with breast cancer, the
results of the International Male Breast Cancer Program demonstrated that 45% of men who
underwent lumpectomy did not receive adjuvant radiation (regardless of nodal status), and
30.7% of men who underwent mastectomy and had node positive disease did not receive
radiation.20 Furthermore, a systematic review of breast-conservation surgery (BCS) noted
that a wide range (12—100%) of men receive radiation following lumpectomy,2* while our
data noted 67% of men received radiotherapy after lumpectomy. Similarly, a recent review
of literature on radiotherapy compliance after breast-conserving surgery noted a range of
27-86% based on one prospective and nine retrospective cohort studies.?® To date, data
comparing the benefits of mastectomy versus lumpectomy with radiation in the male breast
cancer population remains lacking. In 2019, Bateni et al. retrospectively analyzed 8445 men
with stage I-11 breast cancer and aimed to determine whether the NSABP-BO6 trial could be
replicated in a male breast cancer population. In this study, BCT was associated with an
improved OS compared with mastectomy, and further subanalysis revealed that this
difference was only significant in men with T2 and stage 11 disease.2® Similarly, our analysis
also revealed an OS benefit favoring BCT over mastectomy in the male population.
However, our analysis of eligible men and women demonstrated that men had a slightly
worse adjusted OS compared with women, although there were several important differences
in the patient populations (men were older with higher comorbidity scores, larger tumors,
and more positive nodes, similar to other studies),2” which may account for some of the
survival differences and were not able to be fully adjusted for on the multivariable model. It
is also important to note that fewer men may have had enough breast tissue to be considered
for a lumpectomy, and more men may have chosen to undergo mastectomy (patient
preference), neither of which could be accounted for in our data set. While the NCDB does
not contain data related to the reasoning for treatment decisions, numerous reasons likely
factored into why men consistently underwent mastectomy over time—concerns related to
radiation compliance, cosmetic outcomes, recovery, etc.

Elderly men with breast cancer, as with elderly women with breast cancer, often present with
larger tumors and more biologically favorable disease (ER/PR+) than their younger
counterparts.28:29 For elderly women, the CALGB 9343 trial demonstrated no difference in
OS for women > 70 years with stage | disease who received lumpectomy and tamoxifen,
regardless of radiotherapy receipt. In comparison, Tural et al. retrospectively reviewed 99
men with breast cancer, of which 51 were > 65 years. In the elderly population (> 65 years),
only 33% received BCS, 82% received radiotherapy, and 34% received endocrine therapy.28
This suggests that many elderly men are receiving radiotherapy, which may be attributable to
the large tumor size and more advanced disease. Looking at the male breast cancer
population as a whole, Wang et al. Demonstrated that, in men with stage 1-111, ER+/HER2-
disease, radiotherapy did not improve survival.3® These results, although extended to those
with stages 11 and 11 disease, align with the data from our analysis, where omission of
radiotherapy after lumpectomy in men eligible for CALGB 9343 yielded similar survival
outcomes to those observed in women. Some studies have equated male breast cancer to
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postmenopausal female breast cancer,3! which may explain the similar survival outcomes
between elderly men and women on our analysis.

While the most common surgical procedure for men with breast cancer is still a modified
radical mastectomy, SLNB is possible and preferred for many patients.32:33 Similar to those
for women, the NCCN guidelines recommend SLNB be performed in men with a clinically
node negative axilla.23 However, the International Male Breast Cancer Program noted that
only 17.9% of men underwent a SLNB, although this did increase over time.2% For women,
the ACOSOG Z0011 trial demonstrated that ALND could be omitted if tumors were small,
clinically node negative, and SLNB only revealed 1-2 positive nodes.11:12 However, Vaysee
et al. used two nomograms (validated in female populations) to demonstrate that the
predictive factors of axillary lymph node metastasis used in female breast cancer were not
valid in male breast cancer.3# Although this may be related to differences in the underlying
tumor biology, it may not have implications for the surgical management of the axilla; For
example, our analysis of ACOSOG Z0011 eligible patients showed that the OS for men was
comparable to women, suggesting that, although the causes of nodal metastasis may differ
by gender, the management may still be similar for similar stages of disease.

In general, the OS for men with breast cancer has been shown to be worse than the OS in
women with breast cancer.2:435 In our study, we found that the adjusted OS for men eligible
for CALGB 9343 and ACOSOG Z0011 did not significantly differ from similarly eligible
women, although there was a slightly worse OS for men eligible for NSABP-B06. Some of
the differences between other studies and our findings likely relate to differences in the
populations being studied. Regardless, our findings generally suggest that men and women
with breast cancer who have the same characteristics (demographics, tumor features, disease
stage, and treatments received) will have similar outcomes. With male breast cancer often
diagnosed at a later age and more advanced stage, questions arise as to whether the worse
survival is due to lack of screening and early treatment or whether male breast cancer is
biologically different.3> Proponents for male breast cancer being a different disease have
shown that the distribution of tumor subtypes is different for men and women, and
molecularly, these two cancers are different.3%36 However, Foerster et al. used a matched-
pair analysis to conclude that the 5-year OS and disease-free survival were no different
between men and women.3” In addition, recent studies have suggested that the distribution
of scores from genomic testing may be similar between men and women with breast cancer.
38 |n contrast, others have demonstrated a significant difference in survival between men and
women,3 which may be related to some of the consistently observed differences in disease
stage at presentation in our study and others.2”. To the best of the authors’ knowledge, the
current study is one of the largest to date to compare survival outcomes between men and
women with breast cancer, and we demonstrate that OS is comparable for most men and
women with similar demographics and disease characteristics undergoing similar treatments.

As with any retrospective study using national data-bases, many of our study limitations are
inherent to the NCDB.*? For example, the NCDB only captures OS and does not include
breast cancer specific survival. The short follow-up may also limit the generalizability of our
findings. In addition, the version of NCDB data (2015 PUF) used for this study did not
specifically record the surgeon’s intent for axillary surgery (if the planned surgery was

Ann Surg Oncol. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Plichta et al. Page 8

SLNB or ALND), and thus, the type of axillary surgery performed was based on the number
of nodes removed, as done with prior research.1> Furthermore, we used current guidelines*!
and data from prior studies on SLNB1142 to support these definitions in particular. Although
we did not know the surgeon’s intent for any of the surgeries (SLNB vs ALND), the
specified ranges seemed reasonable for those with 1-5 and = 10 nodes removed; however,
for those with 6-9 nodes removed, we did not feel that they could be reasonably included in
either subgroup, and thus, we elected to exclude these patients, which may have introduced
some bias into our results. Data on adjuvant therapies, such as chemotherapy and radiation,
are also not as accurately recorded.3. Furthermore, for patients with “missing” radiation
information, those patients may or may not have received radiation, and excluding them
from our analyses may have introduced unintended bias. Regardless, using the NCDB does
allow for evaluation of a large population of men with breast cancer (> 16,000 in this study),
and its data represents 70-80% of all breast cancer patients diagnosed in the USA.44,

In conclusion, the uptake of findings from landmark clinical trials in surgery for men with
breast cancer often mirrors that for women, despite exclusion from these studies.
Furthermore, when study findings are applied to similarly eligible patients, men and women
demonstrate similar survival outcomes. Although retrospective studies are not the ideal
research paradigm, prospective randomized controlled trials in men with breast cancer are
typically not feasible or realistic. As such, observational studies can help inform or confirm
the potential application of study findings to this unique population. Furthermore, the
inclusion of men in clinical trials should be strongly considered for those patients meeting
the other specified inclusion criteria, as delays in adopting new therapies for this population
could potentially impact oncologic outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Uptake of three landmark clinical trials in surgery and comparison of practice patterns over
time between men and women with invasive breast cancer who were potentially eligible for
a NSABP-BO06 (initial results published 1985, longer follow-up published 2002), b CALGB
9343 (initial results published 2004, longer follow-up published 2013), and = ACOSOG
Z0011 (initial results published 2011, longer follow-up published 2017). Analysis based on a
cohort of men and women with invasive breast cancer from the National Cancer Data Base

(2004-2015). SLNB sentinel lymph node biopsy
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