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Male Breast Cancer as a Second Primary Cancer: Increased Risk
Following Lymphoma

DeBORAH E. FARR,? ALEXANDRA THOMAS,b SEEMA AHSAN KHAN,® MARy C. SCHROEDER®

Division of Surgical Oncology, UT Southwestern Medical Center, Dallas, Texas, USA; bDepartment of Internal Medicine, Wake Forest School
of Medicine, Wake Forest University, Winston-Salem, North Carolina, USA; “Department of Surgery, Feinberg School of Medicine of
Northwestern University, Chicago, Illinois, USA; dDepartment of Pharmacy Practice and Science, College of Pharmacy, University of lowa,
lowa City, lowa, USA

Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Male breast neoplasms ¢ Surveillance, Epidemiology, and End Results program ¢ Incidence ¢ Second primary neoplasm

/ABSTRACT

Background. Male breast cancer (MBC) as a second primary
cancer (SPC) has a known association with prior MBC. However,
its association with non-breast index malignancies, relative to
population risk, has not been previously reported.

Materials and Methods. Using Surveillance, Epidemiology, and
End Results program (9 catchment area) data, we identified
MBCs diagnosed from 1973-2012 as their SPC. Information
regarding the index malignancy was also obtained. Standar-
dized incidence ratios (SIR) of MBC as SPC were estimated, along
with incidence rates and trends. Kaplan-Meier curves were used
to estimate survival.

Results. Over a 38-year period, 464 MBCs were identified as
SPC. The most common index malignancies were breast (SIR
30.86, 95% confidence interval [Cl] 21.50-42.92, p <.001), lym-
phoma (SIR 1.58, 95% CI 1.08-2.22, p = .014), melanoma (SIR

1.26, 95% Cl 0.80-1.89), urinary (SIR 1.05, 95% Cl 0.74-1.43),
colorectal (SIR 0.94, 95% Cl 0.69-1.24), and prostate (SIR 0.93
95% Cl 0.81-1.07). Apart from the known association with prior
breast cancer, the only significant association was with lym-
phoma as an index cancer, although not significant with a
Bonferroni correction. From 1975-2012, incidence of breast
cancer as a first cancer increased at an annual percentage
change of 1.3% while breast cancer as a SPC increased at 4.7%
(both p values <.001).

Conclusion. Male breast cancer as a SPC has increased markedly
over 4 decades. Men with a history of lymphoma may experi-
ence higher-than-expected rates of breast SPC. These observa-
tions warrant further research, and suggest possible etiologic
connections with disease biology, prior therapy, or genetics.
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Implications for Practice: This study reports that men are presenting more frequently to the clinic with breast cancer, both as an
initial cancer and as a second cancer following an earlier malignancy. We also report the novel observation that men who survive
lymphoma are at increased risk of developing a subsequent breast cancer. Further work is needed to better understand possible
treatment or biologic causes of this association. More immediately, these findings suggest the need for heightened vigilance for

male breast cancer overall and, in particular, for male lymphoma survivors.

INTRODUCTION

Male breast cancer is a rare diagnosis that affects 1 in 100,000
men [1] and accounts for approximately 1% of all breast cancer
[2]. More than half of male breast cancers are diagnosed at
stage Il or higher compared to approximately 35% of women
with breast cancer [2, 3]; this speaks to the low index of
suspicion of the patient and the physician [4]. While stage- and
age-matched breast cancer between men and women
have the same prognosis [5], a less favorable overall outcome

presentation [6, 7]. Further, the overall incidence of male breast
cancer continues to increase [3]. The reasons for this trend
remain unclear. Etiologic factors could include increasing life-
span, greater awareness, or as yet undescribed factors.

Risk factors for male breast cancer include genetic predis-
position, such as breast cancer susceptibility gene (BRCA1/2)
mutations and Klinefelter’s syndrome; radiation exposure; and
increased estrogen exposure from gonadal dysfunction, obe-

is seen in men due to more advanced age and stage at sity, liver disorders, or occupational hazards [2, 8]. A history of
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Table 1. Characteristics of men with breast cancer as their second primary cancer, by site of index cancer

All Sites Prostate Colorectal Urinary Breast Lymphoma Melanoma
Observed number of cases, n 464 199 49 39 35 32 23
Expected number of cases, n 424 213 52 37 1 20.3 18
SIR (95% Cl) 1.09 0.93 0.94 1.05 30.86° 1.58% 1.26
(1.00-1.20) (0.81-1.07) (0.69-1.24) (0.74-1.43) (21.50-42.92) (1.08-2.22) (0.80-1.89)
Excess risk (per 10,000 men)  0.04 —0.04 —0.03 0.02 13.94 0.17 0.08
Age at IC diagnosis
Mean 65.8 68.4 66.6 65.9 63.1 63.7 60.6
Median 67 68 65 68 63 67 61
Age at BC as SPC diagnosis
Mean 73.1 75.3 75.8 72.9 70.3 71.3 69.5
Median 74 76 77 72 70 74.5 69
Months between diagnoses
Mean 86.6 82.3 109.9 83.0 84.8 91.2 107.0
Median 68.5 71 103 59 62 63.5 78
Received radiation for IC, % 24.9 29.9 10.2 2.6 28.6 21.9 0.0
Received surgery for IC, % 71.2 63.5 98.0 97.4 97.1 19.4 91.3
Survival®
5-year OS (95% Cl) 56.1 61.1 48.8 54.8 47.7 60.1 73.9
(50.9-61.0) (53.2-68.1) (33.0-62.9) (36.0-70.1) (27.1-65.7) (40.3-75.2) (48.1-88.3)
Median survival in months, 73 84 51 82 60 68 82
(95% Cl) (62-83) (67-105) (40-77) (42-111) (44-202) (46-82) (51-218)

“Significant at 5% level.

PSurvival calculated post-diagnosis of breast cancer as second primary cancer.
Abbreviations: BC, breast cancer; OS, overall survival; SIR, standardized incidence ratio; SPC, second primary cancer; IC, index cancer.

breast cancer in a male also places him at a 30-fold excess risk
of having a second breast cancer [9]. Less is known about the
risk of breast cancer in men as a second primary cancer (SPC)
following other, non-breast malignancies. Cancer treatments or
other factors relating to a prior malignancy may be overlooked
as a risk factor for developing subsequent male breast cancer.
We sought to understand if male breast cancer as SPC is
also increasing and what, if any, relationships this might have
with the index malignancy and the related therapy. We further
hypothesized that these findings might offer insights into sur-
veillance interventions that could benefit male cancer survivors.

MATERIALS AND METHODS
We used data from the National Cancer Institute (NCI) Surveil-
lance, Epidemiology, and End Results (SEER) program, limiting to
the original SEER 9 registries (Atlanta, Connecticut, Detroit,
Hawaii, lowa, New Mexico, San Francisco-Oakland, Seattle-Puget
Sound, and Utah). From this, we identified males diagnosed
from 1973-2012 with breast cancer as their second primary can-
cer. Single (vs. second) “primary” are defined by SEER and refer
to the number of reportable cases in the database. A latency
exclusion period was set at 2 months. These breast cancers were
characterized by patient age at diagnosis, stage (according to
breast adjusted American Joint Committee on Cancer 6th stag-
ing for those diagnosed 1988 and later), grade, and hormone
receptor status (for those diagnosed 1990 and later).
Information regarding the index malignancy was also
obtained and patients were categorized by the five most com-
mon index primary sites: prostate, colorectal (which included
cancers of the cecum, appendix, ascending colon, hepatic
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flexure, transverse colon, splenic flexure, descending colon, sig-
moid colon, rectosigmoid junction, and rectum), ureter and uri-
nary bladder (henceforth “urinary”), breast, lymphoma (which
included Hodgkin lymphoma, non-Hodgkin lymphoma [NHL]
and chronic lymphocytic leukemia [CLL]), and melanoma of the
skin. Patient age at diagnosis, grade and stage of tumor, and ini-
tial local therapy (radiation and surgery) were also identified for
the index cancer. Surveillance, Epidemiology, and End Results
defines receipt of radiation and surgery (for each malignancy)
as that which was part of first course of treatment and
performed within 1 year of diagnosis (for that malignancy).
Standardized incidence ratios (SIR) and 95% confidence
intervals (Cl) of breast cancer as an SPC in men were calculated
based on observed rates divided by expected rates (SEER*Stat
software, version 8.2.1; Information Management Services,
Incorporated; Calverton, MD). Expected rates of breast cancer
were provided by NCI in the multiple primary-SIR session of
SEER*Stat, calculated for the general male population living in
the same SEER 9 registries for each year during our study
period. The accumulated person-time at risk was also calcu-
lated for our study cohort and used to to estimate excess risk
(expressed per 10,000 men). Time between the index cancer
and the breast cancer diagnosis was calculated in months and
bootstrap methods were used to compare differences in the
medians across groups. Yearly incidence rates and their associ-
ated standard errors were calculated for diagnoses between
1975 and 2012, to allow for a consistent population for both
breast cancer as the SPC (per million men) and the index cancer
(per 100,000 men). Changes in incidence rates over time were
assessed with joinpoint models to allow for multiple trends
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across the study period, using NClI’s Joinpoint Regression Pro-
gram (version 4.2.0.2, Information Management Services,
Incorporated; Calverton, MD). Six log-linear models were fitted
for each set of incidence data, allowing between zero and five
joinpoints. The final model was selected using two methods:
Monte Carlo permutation tests to identify the number of join-
points and the Bayesian Information Criterion to identify the
optimal model. Annual percentage change (APC) was also cal-
culated for each trend segment of the final, selected model.
Kaplan-Meier curves were used to estimate five-year overall
survival and median survival.

For those with breast cancer as their index and second pri-
mary cancer, laterality was also assessed. Those with known lat-
erality for both cancers were included in this subanalysis. Rates
of ipsilateral and contralateral cancers were calculated and
compared to women with breast cancer as their index and sec-
ond primary cancer. Median time to subsequent breast cancer
diagnosis was estimated using the Kaplan-Meier estimator, and
Cls for the differences in median time to subsequent breast
cancer diagnosis for males and females were estimated with
bootstrap methods. All tests were two-sided and analyses con-
ducted using STATA/MP, version 12.0 (StataCorp LP, College
Station, TX). This study was considered not human subjects
research by the University of lowa Institutional Review Board.

RESULTS

Breast Cancer as Second Primary Malignancy

Over a 38-year period, 464 male breast cancers were identified
as second primary cancer (SPC) (Table 1). The five most com-
mon index malignancies in descending order were prostate
(42.9%), colorectal (10.6%), urinary (8.4%), breast (7.5%), lym-
phoma (6.9%), and melanoma (5.0%). Standardized incidence
ratios were the following by index site: breast (SIR 30.86, 95%
Cl 21.50-42.92), lymphoma (SIR 1.58, 95% Cl 1.08-2.22), mela-
noma (SIR 1.26, 95% ClI 0.80-1.89), urinary (SIR 1.05, 95% ClI
0.74-1.43), colorectal (SIR 0.94, 95% Cl 0.69-1.24), and pros-
tate (SIR 0.93, 95% CI 0.81-1.07) (Fig. 1). Apart from the known
association with prior breast cancer, the only significant associa-
tion was with lymphoma as an index cancer (p = .014), with an
excess risk of 0.17 per 10,000 men. Although significant as a
single test, the p value would not be considered statistically sig-
nificant at the 5% level with a Bonferroni correction for five
comparisons.

Age and Timing of Index Malignancies

Median age at first cancer diagnosis was in the 7th decade for
all of the index cancers. Median age at diagnosis of breast can-
cer as SPC was in the 8th decade for all cancers, except mela-
noma, where the median age was 69. The median interval
between index malignancy and the breast cancer as a second
primary malignancy was the longest for colorectal cancer as the
index cancer at 103 months, followed by melanoma at 78
months, prostate at 71 months, lymphoma at 63.5 months,
breast at 62 months, and urinary at 59 months (Table 1). Com-
pared to women who also had breast cancer as their index and
second breast cancer, the interval time to breast SPC was
shorter for men, with a median of 62 months versus 84 months
for women (difference of 22 months, 95% Cl of difference
—1.2-45.2, p = .063) (Table 2). For those with laterality known
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Figure 1. Estimated standardized incidence ratios and 95% confidence
interval for breast as second malignancy, by site of index cancer.
Abbreviations: CRC, colorectal cancer.

for both breast cancers, men were also more likely to have the
second breast cancer on the contralateral side than women
(94.1% vs. 82.3%), although this was not statistically significant
(p = .072).

Treatment for Index Malignancy

Treatment modalities varied by site of the index cancer. Overall,
24.9% of men who developed a SPC had received radiation
within 1 year of diagnosis of the initial cancer. Men whose
index cancer was prostate cancer received radiation most com-
monly (29.9%), followed by breast cancer (28.6%) and lym-
phoma (21.9%). All three of the men who had Hodgkin
lymphoma as their index cancer received radiation therapy.
Four of the 29 men with index NHL received radiation therapy
at the time of lymphoma diagnosis. Radiotherapy to treat the
index cancer was least common among those with urinary can-
cer (2.6%) and colorectal cancer (10.2%). None of the men with
melanoma as the index malignancy received radiation. Con-
versely, men with lymphoma were the least likely to undergo
surgery as a primary treatment (19.4%). Men most likely to have
surgery for their index cancer were those with colorectal cancer
(98.0%), urinary cancer (97.4%), primary breast cancer (97.1%),
melanoma (91.3%), and prostate cancer (63.5%) (Table 1).

Survival

The 5-year overall survival following diagnosis of breast cancer
as the SPC was comparable across the index malignancies, but
was lowest among men who had breast cancer as both primary
and secondary malignancy (47.7%, 95% Cl 27.1-65.7%).
Median survival from time of breast cancer as SPC diagnosis
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Table 2. Rates of subsequent breast cancer after primary breast cancer for men and women in Surveillance, Epidemiology,

and End Results program 9 registries, 1973-2012

Male Female p value?
Sample size, n (%) 3,469 (-) 503,789
Median number of months between 62 (40-81) 84 (83-85)
breast cancer diagnoses (95% Cl)
Subsequent breast cancer®, n (%) 35 (1.0) 25,622 (5.1)
Ipsilateral breast cancer, n (%) - (5.9) 4,508 (17.7) .072
Contralateral breast cancer®, n (%) -(94.1) 20,989 (82.3)

#Comparing females and males.
PDenominator for percent calculation included full sample.

“Denominator for percent calculation included sample with subsequent breast cancers and known laterality for each breast cancer.
Abbreviations: -, numbers suppressed due to small sample size; Cl, confidence interval.
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Figure 2. Incidence of male breast cancer diagnoses in Surveil-
lance, Epidemiology, and End Results program 9 registries, 1975—
2012.

was 73 months (95% Cl 62—83) across all index sites. Median
survival following diagnosis of second cancer was shortest for
those whose index cancer was colorectal (51 months, 95% Cl
40-77) and breast (60 months, 95% Cl 44-202), and longest for
prostate cancer (84 months) (Table 1).

Incidence

Over the study period, the incidence of breast cancer as a SPC
increased from 0.2 to 2.5 per million men, at an average APC of
4.7% (95% Cl 3.9%—5.6%, p < .001) (Fig. 2). Male breast cancer
as index malignancy grew, albeit at a slower rate, from 5.5 to
9.8 per 100,000 men during the same time period, with an
average APC of 1.3% (95% Cl 0.97%-1.5%, p < .001).

Pathologic Features of Male Breast Cancer as SPC

The histology for male breast cancer as a SPC was most often
invasive ductal carcinoma at 72.4%, followed distantly by ade-
nocarcinoma not otherwise specified (NOS) at 6.5%, carcinoma
NOS at 2.4%, and papillary carcinoma NOS at 2.6%. This was
similar in distribution and ranking to male breast cancer as
index cancer. Grade was unknown for 21.3% of SPCs, compared
with 32.4% of index breast cancers (p <.001) (Table 3). For
SPCs, grade 2 represented the largest portion of patients
(38.8%), followed by grade 3 (27.6%) and grade 1 (11.6%) dis-
ease. This did not differ from index breast cancers, for those
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with known grade (p = .083). Estrogen receptor (ER) and pro-
gesterone receptor (PR) status was unknown for 17.4%-18.2%
of SPCs, a rate similar to index breast cancers. Most of the sam-
ple had ER-positive (77.8%) and PR-positive (70.2%) tumors,
again similar to those whose breast cancer was their index can-
cer. The majority of breast SPCs were early stage (stage | 35.5%
and stage Il 33.1%), whereas 13.2% were stage Ill, 5.6% were
stage IV, and 11.2% were unknown. When stage was catego-
rized as individual groups, its distribution did not differ signifi-
cantly across index and SPCs (p = .055). However, men with
SPCs were more likely to present with stage | disease than stage
II-1V disease, compared with those with breast cancer as their
index cancer (p = .010).

DISCUSSION
We evaluated patterns of male breast cancer as a second malig-
nancy in the SEER population, with the goal of identifying asso-
ciations that may improve our understanding of etiology as
well as to suggest strategies to better manage male cancer sur-
vivors. We found the previously noted strong association of an
index breast cancer with breast SPC, as well as a novel associa-
tion of male breast cancer with index lymphoma, which war-
rants further examination. These lymphoma patients were
among the most likely to receive radiation and the least likely
to have surgery for their index cancer. In addition, these men
were also younger, had a longer interval from first to second
malignancy, and had one of the most favorable 5-year survival
rates, compared with the other index malignancies.

Women treated for Hodgkin lymphoma in earlier eras have
a markedly elevated risk of breast cancer, attributable to
mantle-field radiation [10-12]. In the contemporary era, lower-
risk, involved-field radiation has largely replaced mantle-field
radiation [13]. Notably, all the men in this study with Hodgkin
lymphoma as their index cancer received radiation therapy,
although as SEER records neither the anatomic site nor the spe-
cific dose of radiation delivered, the details of what these men
received are not available. Furthermore, the association of ear-
lier lymphoma with male breast SPC held up when the Hodgkin
cases were excluded (data not shown). With regard to NHL,
chemotherapy and immunotherapy are generally considered
first-line treatments, with radiation reserved for locoregional
control, selected bulky, extranodal, advanced stage, or indolent
NHL [14-16]. Overall, very few men with lymphoma as an index
malignancy had Hodgkin lymphoma, and a minority of the men
with lymphoma had radiation as part of initial local therapy for
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Table 3. Characteristics of male breast cancer as index and second primary cancer
BC as index cancer BC as SPC
n (%) n (%) p value®
Sample size 3,469 464
Stage (diagnoses 1988+) .055
Stage 0 4(0.2) 2 (0.5)
Stage | 761 (30.3) 148 (35.5)
Stage I 922 (36.7) 139 (33.3)
Stage Il 424 (16.9) 55 (13.2)
Stage IV 162 (6.5) 24 (5.8)
Unknown 238 (9.5) 49 (11.8)
Grade .083
Well differentiated; Grade | 289 (8.3) 54 (11.6)
Moderately differentiated; Grade Il 1,136 (32.7) 180 (38.8)
Poorly differentiated; Grade IlI 855 (24.6) 128 (27.6)
Undifferentiated; Grade IV 66 (1.9) 3 (0.6)
Unknown 1,123 (32.4) 99 (21.3)
ER status (diagnoses 1990+) .964
Positive 1,831 (78.4) 308 (77.8)
Negative 114 (4.9) 19 (4.8)
Unknown 390 (16.7) 69 (17.4)
PR status (diagnoses 1990+ ) 459
Positive 1,619 (69.3) 278 (70.2)
Negative 304 46 (11.6)
Unknown 412 72 (18.2)
HR status® (diagnoses 1990+) .594
Positive 1,855 (79.4) 310 (78.3)
Negative 88 (3.8) 17 (4.3)
Unknown 392 (16.8) 69 (17.4)

@Uknown category not included in chi-square tests.

PHR positive defined as ER or PR positive. HR negative defined as ER and PR negative. HR unknown if both ER and PR are unknown, or one is

unknown and the other is negative.
Abbreviations: BC, male breast cancer; ER, estrogen receptor; HR, hormone

the index cancer. Therefore, the breast cancer risk after lym-
phoma treated with contemporary lymphoma therapy appears
unlikely to be driven by radiotherapy in the region of the
breast. Of note, the use of upfront radiation therapy was
highest in men with lung cancer as index cancer (47.6%), but
their risk of second primary breast cancer was not significantly
elevated (SIR 1.25, 95% Cl 0.78-1.89).

Many indolent lymphomas, most notably chronic lympho-
cytic leukemia, can induce a mild chronic immune suppression
and may increase the risk of a second primary malignancy on
this basis [17-20]. The SIR seen here for male breast cancer fol-
lowing lymphomatous malignancies as a broad category is simi-
lar to those for second cancers overall reported in a European
trial population and an earlier report on second cancers follow-
ing CLL in SEER, which only reported on subsequent female
breast cancers [17, 18]. Importantly, disease-specific risks for
SPC would be unlikely to change over time and would be less
likely to explain the increasing incidence of male breast cancer
as SPC. Newer therapies, such as monoclonal antibodies, have
been introduced in the last 2 decades and can profoundly alter
immune function and potentially increase cancer risk [21, 22].

www.TheOncologist.com

receptor; PR, progesterone receptor; SPC, second primary cancer.

Could this, in part, explain our findings? Several studies looking
at rituximab suggested that this particular agent is not associ-
ated with increased cancer risk [18], although others have
reported that immune modulation with contemporary NHL
therapy appears to be associated with melanoma [23].

The known increased risk of a second male breast cancer
after a primary breast cancer was again seen in our data with a
SIR of 30.86. This is consistent with a previous study citing a SIR
of 29.6 (95% Cl 15-52) [9]. The SIR of a second primary breast
cancer following a first breast malignancy is markedly higher
for men than it is for women (30.86, 95% Cl| 21.5-42.92 vs.
1.59, 95% Cl 1.57-1.61).

The fact that men also tend to have a contralateral cancer
rather than a second ipsilateral event may be due to the fact
that men were more likely to undergo mastectomies rather
than breast conservation; 83% of men diagnosed after 1988
received mastectomies compared with 37% of women.
However, it should be noted that the SEER database identifies
malignancies occurring greater than 5 years after the primary
malignancy as a new cancer rather than a recurrence, regard-
less of the location. Within 5 years, the second cancer must
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differ sufficiently within the same primary site of breast (e.g.,
by histology, laterality) to be categorized as another reportable
case in the dataset. Thus, ipsilateral breast events are only des-
ignated as SPCs if they occur more than 5 years after the index
breast (assuming both events have the same histology).

Over the past 4 decades, there is a clear temporal trend
demonstrating a significant increase in incidence of male breast
cancer as SPC. This could be due to increased awareness, longer
survival after primary treatment of the index cancer, or another
as yet not fully characterized cause. Nevertheless, it is a trend
that bears close watching, and a more extensive study including
additional SEER sites would be helpful. With larger numbers, it
may be possible to generate both etiologic hypotheses regard-
ing specific therapies, and the possibility of genetic influences
that could guide management and surveillance.

The limitations of our study include its retrospective nature
and the limited family and genetic information of the patient
population. Furthermore, the impact of systemic treatments,
which are not available in the SEER database, could not be
included. Lymphoma is a heterogenous disease with diverse
treatment. This group of lymphomatous malignancies was
defined as our “Lymphoma” categories based on relatively sim-
ilar treatments and recent World Health Organization Classifica-
tion [24]. Notably, SIRs for male breast cancer as SPC following
lymphoma did not change with the exclusion of CLL as an index
cancer (SIR 1.58, 95% Cl 1.00-2.38). It is reassuring that the
SPC tended to be diagnosed at an earlier stage than initial male
breast cancer, suggesting not only some awareness of this risk
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but also opportunities for enhanced patient education and clin-
ical surveillance.

CONCLUSION

In this review of the SEER database spanning almost 4 decades,
men with a previous lymphoma were more likely than
expected to develop breast cancer as a SPC. This increased risk
could be related to therapy for the primary malignancy or a yet
unknown environmental link. Over time, the incidence of
second primary male breast cancer has increased markedly.
These findings suggest the need for future work investigating
the causes of these incidence trends, and have implications
with regard to surveillance for male breast cancer in cancer
survivors.
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