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ABSTRACT

The therapeutic value of postoperative radiotherapy (RT) for squamous cell
cancer of the breast (SCCB) is unclear. This retrospective study used a population-
based national registry to determine the impact of postoperative RT on survival of
women with SCCB. The Surveillance Epidemiology and End Results (SEER) database
was used to identify females with SCCB who underwent primary surgical resection
from 1973 to 2012. Kaplan—-Meier survival analysis and Cox regression proportional
hazard methods were used to determine the impact of RT following resection
associated with cause-specific survival (CSS) and overall survival (0S). A total of
523 patients met the eligibility criteria. The median follow-up time was 55 months,
the 10-year CSS and OS rates were 65.6%, and 46.0%, respectively. A total of 167
patients (31.9%) received postoperative RT. Multivariate analysis indicated that
advanced pT and pN stage, and no postoperative RT were independently associated
with poor OS; advanced pT and pN stage were independently associated with poor
CSS. Postoperative RT was significantly associated with improved 10-year OS (54.5%
vs. 42.0%, P =.001), but had no effect on CSS (P =.217). Analysis of patients with
different stages of SCCB indicated that RT was associated with improved CSS (P
=.047) and OS (P <.001) in those with stage II cancer and improved OS in patients
with stage pNO cancer (P <.001). Postoperative RT improved the survival of SCCB
patients, especially in those with stage II and stage pNO cancer.

Accepted: January 24, 2016

INTRODUCTION

Squamous cell cancer of the breast (SCCB) is a
rare type of breast cancer that accounts for approximately
0.04-0.1% of all breast cancers, and less than 0.1% of
all invasive breast ductal carcinomas [1-4]. SCCB is
diagnosed by exclusion of other more common cancers. In
particular, the diagnosis requires that: (i) the tumor origin
does not arise from the overlying skin, nipple, or adenexal
components, (ii) more than 90% of the tumor consists
of squamous cells, (7ii) there is no evidence of ductal or
mesenchymal elements within the tissue sample, and (iv)

no other sites of primary squamous cell cancer are present
[1, 2, 5-7]. Because of the rarity of this cancer, there is
currently no consensus on the treatment and prognosis of
these patients.

Many previous studies have shown that locoregional
radiotherapy (RT) can improve cause-specific survival
(CSS) and overall survival (OS) of female breast cancer
patients [8-10], but there is limited research on the effect
of RT in SCCB. Moreover, many of these previous
studies were single-institution retrospective reviews with
limited numbers of patients, so it is difficult to make
recommendations for patients with different stages of
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Table 1: Patient characteristics.

Characteristic n (%) Without RT (%) With RT (%) P
Age (years)
<50 95 (18.2) 52 (14.6) 43 (25.7) 0.002
>50 428 (81.8) 304 (85.4) 124 (74.3)
Race
Black 64 (12.2) 43 (12.2) 21 (12.7) 0.943
White 435(83.2) 297 (84.1) 138 (83.1)
Other 20 (3.8) 13 (3.7) 7(4.2)
Unknown 4(0.8)
pT stage
pTO-1 94 (18.0) 59 (23.9) 35 (24.8) 0.132
pT2 178 (34.0) 122 (49.4) 56 (39.7)
pT3 72 (13.8) 44 (17.8) 28 (19.9)
pT4 44 (8.4) 22 (8.9) 22 (15.6)
Unknown 135 (25.8)
pN stage
pNO 293 (56.0) 196 (77.2) 97 (67.4) 0.152
pN1 74 (14.1) 39 (15.4) 35(24.3)
pN2 20 (3.8) 12 (4.7) 8(5.6)
pN3 11 (2.1) 7(2.7) 4(2.7)
Unknown 125 (23.9)
Metastasis
MO 404 (77.2) 259 (93.5) 145 (98.0) 0.058
M1 21 (4.0) 18 (6.5) 3(2.0)
Unknown 98 (18.8)
Stage
I 102 (19.5) 69 (25.7) 33(22.9) 0.004
II 212 (40.5) 143 (53.4) 69 (47.9)
I 77 (14.7) 38 (14.2) 39 (27.1)
v 21 (4.0) 18 (6.7) 3(2.1)
Unknown 111 (21.3)
Grade
Gl 50 (9.5) 36 (13.6) 14 (10.4) 0.212
G2 116 (22.2) 82 (31.1) 34 (25.2)
G3-4 233 (44.6) 146 (55.3) 87 (64.4)
Unknown 124 (23.7)
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ER status

Negative 259 (49.5) 156 (79.2)
Positive 60 (11.5) 41 (20.8)
Unknown 204 (39.0)

PR status
Negative 278 (53.2) 175 (89.7)
Positive 37(7.1) 20 (10.3)
Unknown 208 (39.7)

HER?2 status
Negative 46 (8.8) 26 (89.7)
Positive 4(0.8) 3(10.3)
Unknown 473 (90.4)

103 (84.4) 0.245
19 (15.6)

103 (85.8) 0.295
17 (14.2)

20 (95.2) 0.473
1 (4.8)

Gl1, well; G2, moderately; G3, poorly; G4, undifferentiated; ER, estrogen receptor; PR,

progesterone receptor; HER2, human epidermal growth factor 2.

SCCB. The ideal locoregional RT regimens for patients
with different stages of SCCB are still uncertain. In this
study, we analyzed the effect of postoperative RT on the
survival of patients with SCCB using a population-based
national registry, Surveillance, Epidemiology, and End
Results (SEER).

PATIENTS AND METHODS

Patients

Data were obtained from the current SEER database,
which consists of 18 population-based cancer registries
of patients in the United States. SEER data are an open-
access resource for cancer-based epidemiology and
survival analyses. SEER*Stat software from the National
Cancer Institute (Surveillance Research Program, National
Cancer Institute SEER*Stat software, http://www.seer.
cancer.gov/seerstat, version 8.2.1) was used to identify
eligible patients. Patients with diagnoses of SCCB from
1973 to 2012 were identified. We obtained permission
to access research data files with the reference number
11252-Nov2014 [11].

All included patients were females diagnosed with
SCCB, received cancer-directed surgery, and had records
on whether postoperative RT was used. Pathologic
diagnosis was based on the primary site using the
International Classification of Disease for Oncology, Third
Edition (ICD-0O-3). Use of the SEER database does not
require informed consent. This study was approved by the
ethics committee of the First Affiliated Hospital of Xiamen
University (Xiamen) and Sun Yat-sen University Cancer

Center (Guangdong).

Clinicopathologic factors

The following clinical and pathologic factors were
collected from the SEER database: age at diagnosis, race,
grade, tumor stage, tumor size (pT), lymph node status
(pN), estrogen receptor (ER) status, progesterone receptor
(PR) status, human epidermal growth factor 2 (HER2)
status, and use of adjuvant external beam RT. Survival,
cause of death, and duration of follow-up were recorded.

Statistical analysis

The ¥* and Fisher’s exact probability tests were used
to analyze differences in the qualitative data. Univariate
and multivariate Cox regression analyses were used to
identify factors that were significantly associated with
CSS and OS. Multivariable analyses were performed for
factors that were significantly associated with CSS and
OS in the univariate analyses. Calculation of survival
rates were plotted by the Kaplan-Meier method, and
compared using the log-rank test. All data were analyzed
using SPSS statistical software, version 21.0 (IBM
Corporation, Armonk, NY, USA). A P-value less than .05
was considered statistically significant.
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Table 2: Univariate analysis of cause-specific survival and overall survival.

Characteristic  CSS OS
HR 95%ClI P HR  95%CI P

Age (years)

<50 1 1

>50 1.453 0.941-2.244 0.092 2.953 2.009-4.234 <0.001
Race

Black 1 1

White 0.557  0.369-0.839 0.005 0.641 0.463-0.888 0.007
Other 0.818 0.357-1.874 0.635 0.607 0.296-1.249 0.175
pT stage

pTO-1 1 1

pT2 2.181 1.153-4.125 0.016 1.415 0.945-2.118 0.092
pT3 4.721  2.419-9.212 <0.001 2.801 1.789-4.385 <0.001
pT4 9.167 4.638-18.120 <0.001 4.405 2.682-7.208 <0.001
pN stage

pNO 1 1

pN1 2.475 1.468-3.525 <0.001 1.732 1.209-2.483 0.003
pN2 4.090 2.292-7.298 <0.001 3.021 1.815-5.028 <0.001
pN3 4.657 2.131-10.177 <0.001 2.782 1.296-5.969 0.009
Grade

Gl 1 1

G2 1.228 0.621-2.430 0.555 0.803 0.526-1.227 0.311
G3-4 1.468 0.780-2.762 0.235 0.746 0.504-1.105 0.144
ER status

Negative 1 1

Positive 1.228 0.749-2.015 0.415 0.984 0.645-1.504 0.942
PR status

Negative 1 1

Positive 0.642 0.311-1.326 0.231 0.510 0.276-0.943 0.032
Radiotherapy

No 1 1

Yes 0.807 0.573-1.137 0.220 0.650 0.497-0.849 0.002

CSS, cause-specific survival, OS, overall survival; HR, hazard ratio; CI, confidence
interval; G1, well; G2, moderately; G3, poorly; G4, undifferentiated; ER, estrogen receptor;

PR, progesterone receptor.

22
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Table 3: Multivariate analyses of cause-specific survival and overall survival.

Characteristic CSS (0N}

HR 95%ClI P HR 95%ClI P
Age (years)
<50 1 1
>50 1.695  0.960-2.992 0.069 1.373  0.708-2.662 0.348
Race
Black 1 1
White 0.619  0.367-1.043 0.072 0.778 0.412-1.471 0.441
Other 0.638  0.212-1.921 0.424 1.783  0.561-5.665 0.327
pT stage
pTO-1 1 1
pT2 2.090  1.072-4.076 0.030 2.379  1.055-5.367 0.037
pT3 4.234  2.095-8.557 <0.001 4.804 2.022-11.412 <0.001
pT4 7.278  3.433-15.432 <0.001 9.494 3.775-23.878 <0.001
pN stage
pNO 1 1
pN1 1.553  0.953-2.529 0.077 2.064 1.178-3.619 0.011
pN2 3406  1.851-6.267 <0.001 4.518 2.330-8.759 <0.001
pN3 2.652  1.188-5.919 0.017 3.064 1.256-7.464 0.014
PR status
Negative — 1
Positive — — 0.482 0.215-1.083 0.077
Radiotherapy
No — 1
Yes — — 0.439  0.266-0.723 0.001

CSS, cause-specific survival; OS, overall survival; HR, hazard ratio; CI, confidence interval,

PR, progesterone receptor.

RESULTS

Patient characteristics and survival

A total of 523 patients met the eligibility criteria,
167 of whom (31.9%) received post-operative RT (Table
1). The median age was 66 years (range: 24-102 years).
Among patients whose pT stage, pN stage, tumor stage,
ER status, PR status, and HER2 status were known,
75.8% (294/388) had stage T2-T4 SCCB, and 73.6%
(293/398) had negative lymph nodes. Stage I, II, III,
and IV SCCB was present in 24.8% (102/412), 51.5%
(212/412), 18.7% (77/412), and 5.0% (21/412) of patients,
respectively. Of the 319, 315 and 50 patients whose ER,

PR and HER?2 status were available, respectively, a total
of 81.2% (259/319) of patients were ER negative, 88.3%
(278/315) were PR negative, and 92.0% (46/50) were
HER2 negative. Patients who were older than 50 years (P
= 0.002) and with more advanced cancer (P = .004) were
more likely to have received postoperative RT (Table 1).
The median duration of follow-up was 55.0 months
(range: 1-473 months). The 5-year and 10-year CSS rates
were 69.7% and 65.6%, and the 5-year and 10-year OS
rates were 60.1% and 46.0%, respectively (Figure 1A-1B).

Analysis of prognosis

Univariate Cox survival analysis showed that
patients who were black, had advanced pT stage, and
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Table 4: Cause-specific survival and overall survival by stage and radiotherapy.

Median  survival
Stage 5-year 10-year P
(months)
Without RT  With RT Without RT With RT
Tumor stage
CSS
I — 85.9 100 83.8 95.5 0.062
II — 71.5 86.6 69.0 77.1 0.047
11 34 33.8 46.7 0 35.6 0.327
v 5 9.3 0 0 0 0.689
oS
I 175 81.7 89.2 62.7 63.9 0.174
I 121 55.2 78.5 39.8 72.4 <0.001
111 28 30.6 46.7 18.3 35.6 0.327
v 5 7.4 0 0 0 0.772
Nodal stage
CSS
pNO — 75.0 84.0 73.1 76.0 0.163
pN1 — 51.8 61.1 39.9 61.1 0.248
pN2 34 23.4 50.0 — — 0.463
pN3 22 28.6 33.0 — — 0.486
(0N
pNO 123 61.4 78.2 44.9 65.9 <0.001
pN1 52 48.1 50.2 19.5 46.0 0.182
pN2 26 20.8 50.0 — — 0.255
pN3 22 28.6 33.0 — — 0.486

CSS, cause-specific survival; OS, overall survival; RT, radiotherapy.

advanced pN stage had significantly poorer CSS (Table
2). However, no significant differences in CSS were
observed for patients with and without postoperative RT.
Univariate analysis also indicated that patients who were
older, black, had advanced pT stage, advanced pN stage,
PR negative disease and did not receive postoperative RT
had significantly poorer OS.

We used multivariate Cox analysis, with adjustment
for significant factors from the univariate analysis, to
assess the association of different parameters with CSS
and OS (Table 3). The results show that advanced pT stage
and advanced pN stage were independently associated
with poorer CSS. Advanced pT stage, advanced pN stage,
and no postoperative RT were independently associated
with poorer OS.

The relationship of the postoperative RT and
survival

Kaplan-Meier analysis indicated that postoperative
RT was significantly associated with better OS (log-rank
test: P =.001) (Figure 2A). The 5- and 10-year OS rates
were 66.7% and 54.5% for patients given RT, and were
57.0% and 42.0% for those not given RT. However,
postoperative RT had no effect on CSS (log-rank test: P =
.217) (Figure 2A-2B).

We also determined the influence of postoperative
RT on survival of patients with different stages of SCCB
(Figure 3). The results indicate that RT was significantly
associated with improved CSS (log-rank test: P = .047)
and OS (log-rank test: P <.001) for patients with stage 11
SCCB (Figure 3A-3B). There were trends for improved
CSS and OS for patients given RT who had stage I and
stage III SCCB, but these were not statistically significant
(log-rank test: P >.05) (Table 4).

We also examined the prognostic effect of

www.impactjournals.com/oncotarget

10689

Oncotarget



Cause-specific survival

A

0.4

Overall survival

0.2+

B

Time (months)

T T T T T T T
0 60 120 180 240 300 360 420

T
480

00

T T T
60 120 180

T T T T
240 300 360 420

Time (months)

T
480

Figure 1: Cause-specific survival (A) and overall survival (B) of patients with squamous cell cancer of the breast.
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Figure 2: Cause-specific survival (A) and overall survival (B) of squamous cell cancer of the breast patients with and

without post-operative radiotherapy.
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postoperative RT on the OS of patients with different pN
stages of SCCB (Figure 4). The results indicate that RT
was associated with significantly improved OS for patients
with stage pNO cancer (log-rank test: P <.001). RT also
tended to increase the CSS in pNO-N3 stage patients
and OS in pN1-N3 stage patients, although this was not
statistically significant (log-rank test: P > .05) (Table 4).

DISCUSSION

This is the largest retrospective analysis to assess the
effect of postoperative RT on the survival of patients with
SCCB. Our results indicated that RT improved the survival
of SCCB patients, especially those with stage II cancer and
no regional lymph node metastasis (pNO). Previous studies
have shown that postoperative RT improves local control
and survival in high-risk invasive breast cancers [8-10],
but the present study is the first to identify a survival
benefit for SCCB patients who receive postoperative RT.

Previous research indicated that SCCB is less likely
to undergo lymphatic spread than adenocarcinomas. In
particular, only 10 to 30% of SCCB patients have lymph
node infiltration at the time of surgery [1, 12]. Case
reports have indicated that SCCB is associated with high
expression of Ki-67, a marker of proliferation [2, 13, 14].
Over 85% of patients are ER- and PR-, and most are also
HER2- [4, 12, 15]. SCCB patients with the triple-negative
subtype (ER-/PR-/HER2-) seem to have poor prognoses.
[16] In this study, most patients were lymph node
negative, ER-, PR-, and HER2-. The 10-year CSS and OS
rates of our patients were 65.6% and 46.0%, respectively.
Our results therefore underline the aggressive nature of
SCCB, and suggest that comprehensive treatment should
be considered for patients with potentially poor prognoses.

RT is provided as a standard of care for female breast

cancer patients after breast conservation surgery, and is
frequently given after mastectomy in high-risk patients
[8-10, 17]. A previous SEER analysis showed that among
137 patients with SCCB from 1998 to 2001, only 35%
received adjuvant RT, although the study did not analyze
the effect of RT on survival [15]. Among 31 patients in the
University of Texas M.D. Anderson Cancer Center with
SCCB, 19 patients were treated with postoperative RT, and
the recurrence-free survival (P =.210) and OS (P = .840)
were not significantly different from those without RT.[15]
Two Chinese studies examined 58 patients with SCCB,
12 of whom received postoperative RT, and reported that
RT provided no significant survival benefit [18, 19]. Thus,
SCCB seems to be relatively radioresistant, despite the fact
that SCCs are generally considered to be radiosensitive
[20]. In our cohort of 523 SCCB patients, only 167
patients (31.9%) received RT, even though 28.1% of the
patients were lymph node-positive. Our results showed
that postoperative RT was associated with improved OS,
but had no effect on CSS. Thus, the present study is the
first to identify a survival benefit for postoperative RT in
patients with SCCB.

Our results found that RT specifically improved
the survival of SCCB patients with stage 11 cancer and
those with pNO stage. The reasons for the beneficial effect
of RT in these particular groups are not obvious. Four
patients in the M.D. Anderson Cancer Center series who
experienced a locoregional recurrence (LRR) had either
T1INO or T2NO tumors [15]. Thus, the benefit of RT for
patients with early-stage SCCB could in part be attributed
to the aggressive nature of SCCB. Among our patients,
the median survival time for those with stage I1I-IV and
pN2-3 cancer was very short (less than 3 years). Thus,
more obvious benefit of RT for stage II patients and pNO
stage with moderate risk of recurrence was observed. Our
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Figure 4: Overall survival of pNO stage squamous cell cancer of the breast patients with and without post-operative

radiotherapy.
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research and the previous study were both retrospective
analyses [15], so the criteria used to select patients for
postoperative RT remain unclear, but RT may not omit in
management of locally advanced SCCB at presentation
due to the absence of clinical trials.

Due to the limitations of the SEER database, we
cannot identify risk factors for LRR of SCCB. Nayak
et al. found that the 5-year LRR was 46% in 21 patients
with SCCB, and the only statistically significant feature
associated with LRR was the presence of a spindle cell
component comprising >10% of the tumor (P = .006) [3].
The lack of response of SCCB to postoperative RT may
reflect the mixed cell type present or the palliative use of
RT to treat advanced disease.

SCCB is considered resistant to the standard
chemotherapy regimens used for other breast cancers.
Nevertheless, some studies found that adjuvant cisplatin-
based regimens could be effective [6, 7, 21, 22]. In
addition, 62.1% to 85.7% of SCCB patients have
overexpression of epidermal growth factor receptor
(EGFR) [15, 19, 23]. Although no study has shown that
combined pharmacotherapy increases the sensitivity of
SCCB to radiotherapy, studies of other cancers showed
that a cisplatin-based regimen with an anti-EGFR agent
may radiosensitize squamous cancer cells [24-27]. Future
studies with large sample sizes are needed to investigate
the effect of such regimens on the radiosensitivity of
SCCB and the survival of SCCB patients.

The current study had several limitations that must
be considered. The main limitations are the nonrandomized
nature of the dataset and the inherent biases that exist in
all retrospective studies. Second, the SEER database does
not have data on the type and dose of systemic therapy,
use of endocrine treatments, lymphovascular invasion,
margin status, and local or regional recurrence. This
hindered our ability to directly assess the effect of specific
factors or clinical circumstances on outcome. In addition,
this database provides little information of why clinicians
administered or did not administer postoperative RT to
different patients. Although retrospective reviews do not
carry the power of prospective studies, no prospective
studies have yet examined the effect of postoperative RT
on SCCB.

In conclusion, postoperative RT was associated with
improved survival of patients with SCCB, especially those
with stage II cancer and pNO stage patients. Prospective
studies will be needed to confirm the results of this study
and to establish the optimal protocols for use of RT in the
management of SCCB.
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