J Radiat Oncol (2012) 1:337-345
DOI 10.1007/s13566-012-0062-7

ORIGINAL RESEARCH

A population-based study of the impact of post-mastectomy
radiation on survival for male breast cancer

R. L. Sroufe - D. Schwartz - J. Rineer - K. Choi -
M. Rotman - David Schreiber

Received: 4 June 2012 / Accepted: 13 August 2012 /Published online: 26 August 2012

© Springer-Verlag 2012

Abstract

Objective The role of post-mastectomy radiation therapy
(PMRT) for male breast cancer (MBC) is not well defined.
Because of the rarity of male breast cancer, large random-
ized clinical trials are not possible.

Methods Using the Surveillance Epidemiology and End
Results database, we identified MBC patients diagnosed be-
tween 1988 and 2007 and treated with mastectomy and axil-
lary lymph node dissection. Risk groups were broadly
assigned based on the female breast cancer literature: low risk
(LR; T1-2NO), intermediate risk (IR; T1-2N1), and high risk
(HR; T3-4N0-3, T1-2N2-3). Kaplan—Meier and Cox regres-
sion analyses were used to compare overall survival (OS) and
breast-cancer-specific survival (BCSS) for all patients.
Results We identified 2,382 patients who met the selection
criteria, of whom 1,888 (79.3 %) received mastectomy alone
and 494 (20.7 %) received mastectomy followed by PMRT.
For patients with LR disease there were no differences in OS
or BCSS. For IR disease, there were no differences in OS
but BCSS was worse for those who received PMRT (p=
0.008). For the HR group, median survival and 5-year OS
was 72 months and 56.3 % for those who underwent surgery
alone and 99 months and 67.4 % for those receiving PMRT
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respectively (p=0.002). However, there was no difference in
BCSS between the two groups (p=0.52).

Conclusion In this large population-based study, there is a
significant OS benefit without any change in BCSS associ-
ated with PMRT for MBC patients with HR disease. Further
prospective studies are needed to confirm and validate these
findings.

Keywords Male breast cancer - Mastectomy - Radiation -
Survival - SEER

Introduction

Breast cancer in men represents 0.7 % of all breast cancer
cases in the USA. The American Cancer society estimates
that there will be approximately 2,190 new cases of male
breast cancer (MBC) diagnosed in 2012, with an estimated
410 deaths attributed to the disease [1]. While the overall
incidence of breast cancer appears to be decreasing, the
incidence of MBC appears to be rising. On average, MBC
is diagnosed 5 to 10 years later than female breast cancer
and usually presents with a higher stage, with 40 % of
patients presenting with stage III or IV disease. However,
MBC patients are more likely to be of a lower grade and be
estrogen receptor positive [2]. More recent studies show
little difference in outcome when matched stage for stage
with their female counterparts [3].

Most MBC are treated with mastectomy [4]. Because
of the rarity of MBC, large-scale randomized clinical
trials are not possible and treatment recommendations
are based on retrospective evidence, as well as evidence
derived from the treatment of female breast cancer.
Several studies have shown a local control benefit to
post-mastectomy radiation therapy (PMRT) similar to
female breast cancer, but no overall survival benefit
[5-8], unlike female breast cancer [9].
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In this study, we queried the Surveillance, Epidemiology,
and End Results Database (SEER) in order to obtain a large
cohort of patients from which to analyze the demographics
of MBC as well as the impact of PMRT on survival.

Methods
Study cohort

After waiver from the NY Harbor Department of Veterans
Affairs institutional review board, we queried the SEER
database to collect individual patient data for MBC patients
who were diagnosed between 1988 and 2007 and were
treated with a mastectomy and axillary lymph node dissec-
tion. We excluded patients who were found to have meta-
static disease or who had incomplete information regarding
staging. We also excluded patients who did not have removal
of any lymph nodes for evaluation, in order to remove
possible bias favoring radiation due to the radiation compen-
sating for inadequate surgery. Patients who refused radiation
therapy were coded as unknown regarding radiation treat-
ment and who had neoadjuvant radiation, or any radiation
other than postoperative external beam radiation, were ex-
cluded. Only patients who survived six or more months post-
surgery were included in the cohort. This was done to allow
inclusion only of patients who survived long enough to
undergo radiation and remove potential selection bias in
favor of those who received PMRT. Please see Table 1 for
an outline of the exclusion criteria and patients excluded from
this study.

Outcome

The primary endpoint was all-cause mortality. We also an-
alyzed breast-cancer-specific mortality as a secondary end-
point. Breast-cancer-specific mortality was defined by
SEER as death from “breast cancer.” Follow-up time was
calculated from the month and year of initial diagnosis.

Statistical analysis

Comparisons of the characteristics between the PMRT
and surgery alone groups were made using Pearson chi
square. Actuarial overall survival (OS) curves and
breast-cancer-specific survival (BCSS) curves were gen-
erated using the Kaplan—-Meier method and compared
using the log-rank test. The 5- and 10-year actuarial
OS and BCSS rates, as well as median survival, were
analyzed. Based on previously published guidelines for
PMRT use in the female breast literature [10] patients
were grouped into low risk (LR; T1-2NO), intermediate
risk (IR; T1-2N1), and high risk (HR; T3-4N0-3, T1-
2N2-3), and their survival was analyzed according to
risk group. Univariate and multivariate Cox regression
analysis was also used to study the adjusted and unad-
justed impact of PMRT on OS. The covariates analyzed
included delivery of PMRT (yes or no), age, tumor
stage (T1, T2, T3, or T4), number of pathologically
positive nodes (0, 1-3, 4-9, and >9), race (white, black,
or other), estrogen receptor (ER) status (positive, nega-
tive, or unknown), and year of diagnosis (continuous).
Multivariate analysis was repeated for each risk group.
The multivariate model was tested for interactions be-
tween PMRT and the other covariates and did not find
significant interactions. Statistical analysis was per-
formed using SPSS version 20.0 (SPSS Inc., Chicago,
Illinois). Statistical significance was defined as a two-
sided p value of 0.05 or less.

Results

A total of 2,382 patients met the selection criteria for this
study. Of these, 1,888 (79.3 %) received mastectomy alone
and 494 (20.7 %) received mastectomy followed by PMRT.
The median age of all patients was 67 years and the median
follow-up time for all patients was 53 months (range 6—
235 months). A complete description of patient character-

Table 1 Excluded patients
Exclusion criteria

No. excluded (no. remaining)

Mastectomy only

Delivery of postoperative radiation or not recorded
Histology infiltrating ductal or lobular or mixed
At least one node recorded to have been removed

T-staging and N-staging recorded

Survival time 6 months or longer

1,018 (3,622)
148 (3,474)
452 (3,022)
222 (2,800)
227 (2,573)
191 (2,382)
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istics, as well as a comparison between the PMRT and
surgery alone groups is available in Table 2.

Survival analysis

For the entire cohort of patients, there was no difference in
OS for those who were treated with surgery alone compared
to PMRT. The median survival was 126 months (95 % CI
115.9-136.0) for those receiving surgery alone compared
with 110 months (95 % CI 90.4-129.6) for those receiving
PMRT, p=0.43. The corresponding 5- and 10-year OS were
74.7 and 50.8 % for those receiving surgery alone and 72.4
and 46.3 % for those receiving PMRT, respectively.

Overall survival by risk group

There were a total of 1,148 patients with LR disease, of
which 85 (7.4 %) received PMRT (Fig. 1). There were 526
patients with IR disease, of which 121 (23 %) received
PMRT. When comparing the OS between those receiving
surgery alone and those who received PMRT in these two
risk groups, there were again no significant differences in
survival (p=0.36 and 0.55, respectively) (Fig. 2).

There were 708 patients with HR disease, of which 288
(40.7 %) received PMRT. There was a significant improve-
ment in OS for those patients who received PMRT compared
to surgery alone (p=0.002). Please see Table 3 for a detailed
outline of the survival data for each risk group (Fig. 3).

Table 2 Patient characteristics

and comparison between the Total no. patients Mastectomy alone (%) PMRT (%) P
groups N=2382 N=1,888 N=494 value
Race 0.38
White 2,045 1,616 (79 %) 441 (21 %)
Black 227 179 (79 %) 48 (21 %)
Other/unknown 110 93 (85 %) 17 (15 %)
T-category <0.001
Tl 1,163 1,016 (87 %) 147 (13 %)
T2 680 530 (78 %) 150 (22 %)
T3 41 23 (56 %) 18 (44 %)
T4 498 319 (64 %) 179 (36 %)
N-category <0.001
NO 1,339 1,200 (90 %) 139 (10 %)
N1 701 522 (75 %) 179 (26 %)
N2 254 127 (50 %) 127 (50 %)
N3 88 39 (44 %) 49 (56 %)
Laterality 0.43
Right 1,139 895 (79 %) 244 (21 %)
Left 1,243 993 (78 %) 250 (22 %)
No. nodes removed, <0.001
median = 12
1-5 522 454 (87 %) 68 (13 %)
6-10 485 374 (77 %) 111 (23 %)
11-15 607 481 (79 %) 126 (21 %)
16-20 406 302 (74 %) 104 (26 %)
21+ 362 277 (76 %) 85 (24 %)
ER status <0.001
Positive 1,843 1,433 (78 %) 410 (22 %)
Negati 91 68 (75 9 23 (259
Numbers may not add up to ex- cealive (75 %) (25 %)
actly 100 % due to rounding Unknown/not performed 448 387 (86 %) 61 (14 %)
PMRT postmastectomy radiation ~ Risk grouping <0.001
therapy, ER estrogen receptor, Low risk 1,148 1,063 (93 %) 85 (7 %)
Low risk T1-2NO, Intermediate Intermediate risk 526 405 (77 %) 121 (23 %)
risk TI-2N1, High risk High risk 708 420 (59 %) 288 (41 %)

T3-4N0-3
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Fig. 1 Kaplan—Meier survival
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comparing surgery alone to
surgery followed by post-
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Breast-cancer-specific survival

For LR disease, there were 61 (5.3 %) breast cancer deaths
out of 1,148 patients. There were no significant differences
in BCSS (p=0.74). The median BCSS was not reached in
either arm. The 5-year BCSS was 95.6 % for surgery alone
and 95.6 % for PMRT.

For IR disease, there were 70 (13.3 %) breast cancer
deaths out of 526 patients. Patients who received surgery
alone were associated with improved BCSS (p=0.008). The
median survival was not reached for patients receiving sur-
gery alone and the 5- and 10-year BCSS was 91.4 and
76.2 %, compared with a median survival of 144 months
and a 5- and 10-year BCSS of 84.9 and 60.3 % for PMRT.

For HR disease, there were 118 (16.7 %) breast cancer
deaths out of 708 patients. Of these, 107 patients had pos-
itive lymph nodes. There were no significant differences in
BCSS by treatment group (p=0.52). The median BCSS was
not reached in either arm. The 5- and 10-year BCSS was
81.7 and 66.4 % for those undergoing surgery alone com-
pared to 81.8 and 71.8 % for those undergoing PMRT. Since
most of the breast cancer deaths were in those with positive
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nodes, we repeated the BCSS analysis just in these patients.
There was still no difference in BCSS. The median BCSS
was 194 months for those receiving PMRT compared to
136 months in those undergoing surgery alone (p=0.17).

Univariate and multivariate analysis for survival

The use of PMRT was not associated with any difference in
OS on UVA or MVA for LR disease (HR 0.88, 95%CI 0.58—
1.34, p=0.54) or IR disease (HR 1.23, 95%CI 0.87-1.75,
p=0.23).

On univariate analysis for HR disease, the use of PMRT
was associated with improved OS, with a hazard ratio of
0.68 (95 % CI 0.54-0.87, p=0.002). Increasing T-category,
10 or more positive lymph nodes, Black race, and ER-
negative disease were all associated with decreased survival.
Further details are available in Table 4.

On multivariate analysis for HR disease, the use of
PMRT continued to be associated with improved overall
survival, with a hazard ratio of 0.70 (95 % CI 0.54-0.90,
p=0.01). Increasing T-category, four or more positive lymph
nodes, Black race, and increasing age were associated with
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Fig. 2 Kaplan—Meier survival
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worse survival, while more recent year of diagnosis was
associated with improved survival. Further details are avail-
able in Table 5.

OS and BCSS accounting for potential selection biases
in HR patients

The OS and BCSS survival analyses were also reanalyzed
after excluding patients who survived 12 months or less and

T T T T T T T T T T
12 24 36 48 60 72 84 96 108 120

Survival time (total # of months)
pe [an [oe [ (o |72 fos [os ose]ow
375 | 316 259 214 185 143 114 90 77 59

115 108 97 81 59 438 32 17 13 8

again after excluding patients who survived 24 months or
less. There were no changes in the survival outcomes. OS
remained significantly better for those receiving PMRT
surviving more than 12 months (»p=0.003) and
24 months (p=0.009), without any differences noted in
BCSS for those surviving beyond 12 months (p=0.65)
and 24 months (p=0.332). Similarly, these findings
remained consistent when excluding patients 65 or older
(»=0.03 for OS, p=0.40 for BCSS).

Table 3 Overall survival by risk

group Risk group No. patients ~ Median OS in months (95 % CI)  5-year OS  10-year OS  P=value
Low 0.36
Surgery alone 1,063 148 (125.8-170.2) 81.7 % 57.5 %
PMRT 85 187 (97.6-276.4) 85.0 % 62.4 %
Intermediate 0.55
Surgery alone 405 134 (99.3-168.7) 74 % 52.1 %
PMRT 121 111 (84.1-137.9) 74 % 42.5 %
OS overall survival, 95 % CI High 0.002
95 % confidence interval, Low Surgery alone 420 72 (61.2-82.8) 56.3 % 31.6 %
risk T1-2 NO, Intermediate risk PMRT 288 99 (79.0-119.0) 67.4 % 412 %

T1-2 N1, High risk T3-4 NO-3
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Discussion

The results of this large population-based study suggest that
there may be a significant OS benefit but not BCSS benefit
to post-mastectomy radiation therapy for MBC patients with
T3-4N0-3 or T1-2N2-3 disease. However, there are numerous
limitations to this SEER study, which will be discussed in
detail. Therefore, the findings of this study need confirmation
from prospective databases with more complete datasets.

In this study, the addition of PMRT was associated with an
absolute improvement in OS of 11 % at 5 years and 10 % at
10 years. These OS findings seem to mirror the benefits of
post-mastectomy radiation therapy in the female breast cancer
literature [11—13]. A recent retrospective study from Moffitt
Cancer Center showed that MBC patients treated with current
female standards had comparable outcomes to female breast
cancer patients, further strengthening our findings here [14].
Others have proposed different indications for PMRT, which
include less advanced disease. At the European Institute of
Oncology in Milan, RT for MBC is proposed for tumors
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>1 cm or with more than one positive lymph node [15]. The
National Cancer Care Network strongly recommends consid-
eration of PMRT for any amount of lymph node involvement
in female and MBC patients [10].

This is the first study to show a survival benefit for
PMRT for MBC in a large cohort of patients. The findings
in this study are in contrast to a recently reported study of
MBC by Crew et al. using the SEER-Medicare database [4].
In this study, there was no impact on overall survival asso-
ciated with the addition of radiation therapy. However, there
are several differences between this study and the aforemen-
tioned study by Crew et al. That SEER-Medicare study
looked at the impact of radiation on all stages but did not
further breakdown the patients into risk groups. Therefore,
the finding that there was no difference in OS does, in
fact, correlate well with the current study, in which
there was also no survival benefit when analyzing all
patients as one large group. In addition, the SEER-
Medicare analysis was limited to patients ages 65 and
older. This would eliminate >40 % of the patients in the
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Table 4 Univariate analysis for
survival for high-risk patients HR (95 % CI) p value
Age (continuous) 1.04 (1.03—-1.05) <0.001
PMRT delivery
Surgery alone 1
PMRT 0.68 (0.54-0.87) 0.002
Year of diagnosis (continuous) 0.97 (0.94-0.99) 0.005
T-category
T1 1
T2 1.91 (1.20-3.04) 0.01
T3 2.00 (1.12-3.57) 0.02
T4 1.58 (1.09-2.29) 0.02
No positive lymph nodes
0 1
1-3 0.98 (0.70-1.37) 0.88
4-9 1.29 (0.96-1.73) 0.10
>9 1.57 (1.08-2.28) 0.02
Race
White 1
Black 1.70 (1.24-2.33) 0.001
Other/unknown 1.08 (0.61-1.93) 0.79
ER status
HR hazard ratio, 95 % C195 % ~ FPositive !
confidence interval, PMRT post- Negative 1.56 (0.99-2.44) 0.06
mastectomy radiation, ER estro- Unknown/not performed 1.16 (0.89-1.52) 0.27

gen receptor

current study. Therefore, these two studies should prob-
ably not be directly compared to one another.

Though a survival benefit has not previously been reported,
other studies have shown improved local control with the
addition of PMRT [5, 8, 16]. The SEER database unfortunate-
ly does not provide information on local control. However, it
is reasonable to assume the local control benefit seen in these
studies would translate to a survival benefit in a much larger
cohort of patients, as can be derived from the female breast
cancer literature. This latter finding has been reported in a
large meta-analysis of over 40,000 women, which reported
that a 5-year improvement in local control of 20 % translated
to a 5.9 % improvement in survival at 15 years [17].

Never the less, the finding of a significant OS benefit in the
face of no BCSS benefit calls into question whether there are
unmeasured confounding factors resulting in healthier patients
being selected for PMRT and therefore surviving longer. This
is a potential limitation that we cannot discount. However, in
an attempt to adjust for this, we performed three additional
analyses excluding patients who were 65 or older, survived
<13 months or survived <25 months. This would have more
likely excluded patients who were not referred for PMRT due

to poor overall health or poor performance status. We found
that there were no changes in the significance of our OS and
BCSS findings. Furthermore, when we limited our BCSS
analysis in patients with HR disease to those with positive
lymph nodes, there was a trend towards improved BCSS with
an improvement in median BCSS from 136 to 194 months,
p=0.17. This does lend some support to the notion that there
were not enough breast-cancer-specific deaths to identify a
significant difference.

The finding of improved BCSS for the intermediate risk
patients in the setting of no OS difference is also confusing
as it contradicts the findings in the HR patients where there
was an OS benefit without any change in BCSS. If the high-
risk patients who received radiation were found to have
improved OS but no BCSS due to an unmeasured selection
bias favoring the radiation patients, it is unclear why then
the unmeasured biases would favor the surgery alone
patients in the intermediate risk group. Perhaps different
unmeasured confounders are present in this intermediate
risk group which could portend worse outcomes. These
could include traditional indications for radiation therapy
such as positive surgical margins, extensive lymphovascular
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Table 5 Multivariate analysis for survival for high-risk patients

HR (95 % CI) p value

Age (continuous) 1.05 (1.04-1.06) <0.001
PMRT delivery

Surgery alone 1

PMRT 0.70 (0.54-0.90) 0.01
Year of diagnosis (continuous) 0.97 (0.95-1.00) 0.05
T-category

T1 1

T2 2.41 (1.47-3.97) 0.001
T3 3.28 (1.76-6.14) <0.001
T4 2.03 (1.33-3.06) 0.001
No positive lymph nodes

0 1

1-3 1.19 (0.84-1.68) 0.32
4-9 1.74 (1.23-2.45) 0.002
>9 2.72 (1.80-4.10) <0.001
Race

White 1

Black 2.06 (1.48-2.87) <0.001
Other/unknown 1.08 (0.60-1.95) 0.80
ER status

Positive 1

Negative 1.24 (0.78-1.99) 0.36
Unknown/not performed 0.99 (0.73-1.33) 0.93

HR hazard ratio, 95 % CI 95 % confidence interval, PMRT postmas-
tectomy radiation, ER estrogen receptor, PR progesterone receptor

invasion, or extracapsular extension in lymph nodes. Again,
this uncertainty makes definitive interpretations of the sur-
vival outcomes, specifically the BCSS, difficult.

Finally, one should use caution when measuring cancer-
specific mortality in the SEER database as they are gener-
ally considered less reliable than OS endpoints. SEER itself
states on their website, “Cancer registries use algorithms to
process causes of death from death certificate in order to
identify a single, disease-specific, underlying cause of
death. In some cases, attribution of a single cause of death
may be difficult and misattribution may occur. For example
a death may be attributed to the site of metastasis instead of
the primary site.” [18] Some have reported that cancer-
specific mortality endpoints are in fact not reliable [19],
while others have suggested several methods to attempt to
reduce this disparity [20, 21].

The role of systemic therapy is not well defined in MBC.
Prior reports indicate that chemotherapy has been used in
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nearly 30 % of male breast cancer patients [4]. However, its
impact on survival is uncertain [22]. SEER does not offer
information on systemic therapy and therefore we are unable
to comment on its impact on survival or whether the deci-
sion to offer or withhold treatment was related to the deci-
sion to offer PMRT.

In this study, 77 % of all patients had ER-positive dis-
ease. In the female breast cancer literature, this subset of
patients is routinely treated with an anti-estrogen such as
Tamoxifen or Arimidex. However, the role of Tamoxifen in
MBC remains unclear. A prospective study of Tamoxifen
therapy for stages II and III operable MBC has been per-
formed. Survival in this cohort of 39 patients was 61 % at
5 years, which was significantly greater than the 44 % 5-
year survival observed in historical controls (P=0.006) [23].
A retrospective study from M.D. Anderson cancer center of
MBC revealed that adjuvant hormonal therapy was associ-
ated with a lower risk of death, with a hazard ratio of 0.45
[22]. However, several studies have suggested that Tamox-
ifen is relatively underutilized in MBC [21, 24] compared to
female breast cancer. Unfortunately, while SEER does iden-
tify patients with ER-positive disease, it does not provide
information on who was treated with Tamoxifen, and there-
fore we are unable to comment on its impact in this study.

On multivariate analysis, Black race was associated with
inferior survival, with a hazard ratio of 2.06 (1.47-2.90), p<
0.001. This correlates with prior reports of inferior survival in
black MBC patients. Not surprisingly, increasing T-category
and N-category were also associated with decreased survival
in this study, which also correlates well to prior studies [8].

In addition to the limitations to this study noted above, there
are several other significant limitations to this study. These
include the lack of information regarding margin status, radia-
tion techniques, radiation doses used, as well as underascertain-
ment of radiation use by the SEER database [25]. All of these
factors have added unmeasured bias that limit us drawing
definitive treatment recommendations from this study.

Conclusion

Despite the flaws inherent in the SEER database, this study
provides a very large cohort of patients from which to study
this relatively rare disease. We report a significant improve-
ment in OS associated with the addition of PMRT for
patients with HR disease without an apparent impact on
BCSS. Further prospective studies are needed to confirm
and validate these findings, as well as to determine whether
there is a BCSS benefit to the addition of PMRT.
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