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Abstract

Background: Prognostic value of Oncotype DX Breast Recurrence Score (RS) in male breast
cancer patients is understudied. We evaluated associations of RS with overall mortality in male
breast cancer patients and compared it to female counterparts.

Methods: With a cohort of 848 male and 110,898 female breast cancer patients identified from
the National Cancer Database (2010-2014), we estimated hazard ratios (HR) and 95% confidence
intervals (CI) for overall mortality associated with RS using Cox regression models. RS was
evaluated continuously, as well as by categorization following respective traditional (<17, 18-30,
231) and TAILORX (<10, 11-25, 226) cutoffs.

Results: RS was positively associated with mortality in male patients (HR=1.13, 95%Cl: 1.02 to
1.26 per unit RS increment) up to RS >21, after which the risk plateaued. Among female patients,
mortality began to increase with RS only when RS >23 (HR=1.02, 95%CIl: 1.01 to 1.02 per unit of
RS increment). The intermediate- (HR=5.37, 95%CI: 1.79 to 16.11) and high-risk diseases
(HR=4.28, 95%CI: 1.22 to 14.97) defined by TAILORYX, but not traditional cutoffs established for
female patients, were associated with elevated mortality risk in men even after adjustment for
demographic, clinical characteristics and treatments, except chemotherapy.
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Conclusion: RS is associated with mortality in male breast cancer patients at a much lower
threshold than that for female patients. Studies are needed to establish specific guidelines for RS
thresholds for male breast cancer patients.
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Introduction

Methods

The Oncotype DX Breast Recurrence Score (RS) is a 21-gene marker based on expression of
16 tumor-associated genes and 5 reference genes, which was initially developed to quantify
the likelihood of distant recurrence in female patients with estrogen receptor-positive (ER+)
and node-negative breast cancer, with a high RS indicating a higher risk of distant recurrence
(1). Since its development, the predictive and prognostic values of RS in female breast
cancer patients have been validated in several prospective clinical trials, including the
National Surgical Adjuvant Breast and Bowel Project (NSABP) B-20 trial, Southwest
Oncology Group (SWOG)-8814 trial, and Trial Assigning Individualized Options for
Treatment (TAILORX) (2-5). Currently, RS is recommended in clinical practice to guide
decisions on adjuvant systemic therapy for women with early-stage invasive breast cancer,
especially for those who present with ER+, human epidermal growth factor receptor 2-
negative (HER2-), and node—negative diseases (6).

For male patients with breast cancer, who account for approximately 1% of all breast
cancers, diagnostic and treatment approaches are in large part based on evidence generated
from female patients (7). A vast majority of male breast cancer patients are characterized
with ER+ or progesterone receptor-positive (PR+), as well as HER2- diseases, in accordance
to indications of RS testing (8). However, it has not been well investigated whether RS is
predictive to treatment efficacy and/or prognosis among men with breast cancer.

It has been suggested that male breast cancer may have a different etiology/biology from
that of female (9). A recent study, which included 322 male breast cancer patients from the
Surveillance, Epidemiology, and End Results (SEER) Program, revealed that male breast
cancer patients with higher RS had worse crude survival than those with lower RS (10),
though the independent predictive or prognostic values of RS in men were not evaluated.

To fill this knowledge gap, we examined the association between RS and overall mortality in
male breast cancer patients using data from the National Cancer Database (NCDB) and
compared it to that of female patients.

Patients with a primary breast cancer diagnosis and RS testing between 2010 and 2014 were
identified from the NCDB, which captures 70% of newly diagnosed cancers each year
across the United States (U.S.). Patients with ER+, HER2- and stage | or Il invasive breast
cancers between 2010 and 2014 were included. Patients who received no surgery (n=23)
were excluded (Figure 1). Because only completely de-identified information was provided
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by the NCDB, this study was approved by the Vanderbilt University Medical Center
Institutional Review Board as a human subject exempt project, for which no informed
consent is needed. This study was conducted in accordance with the Declaration of Helsinki.

Data on demographic characteristics, including age at diagnosis, race, year of diagnosis,
urban/rural residence, estimated annual household income and educational attainment at the
zip code level, insurance, treating facility, region and distance to care were gathered from the
NCDB. Available clinical characteristics included tumor size, nodal status, progesterone
receptor (PR) status, histology type, Nottingham combined histologic grade (grade),
lymphovascular invasion (LVI) and Charlson/Deyo score. Data on receipt of treatment
(yes/no only) were obtained from the NCDB, including chemotherapy, radiotherapy and
endocrine therapy. Information on breast surgery type was also collected.

Statistical analysis

The primary outcome was overall survival (OS), defined as months from cancer diagnosis to
death of any cause or to last contact. Patients lost to follow-up were censored at last contact.
Demographic, clinical and treatment characteristics of male and female patients were
compared using Chi-squared tests for categorical variables and Student’s t-tests for
continuous variables. Descriptive analyses were also carried out among patients who were
eligible for Oncotype DX test to compare patients with RS tests and those without RS tests.
Five-year OS across RS groups, defined by traditional and TAILORX cutoffs in men and
women, were estimated and compared using the Kaplan-Meier method and log-rank test.

The age-adjusted RS-mortality association was evaluated using restricted cubic spline
function (11) by treating RS as a continuous variable, with 3 knots (model automatically
generated) placed. Patients were also stratified into respective low-, intermediate-, and high-
risk groups based on traditional cutoffs (<17, 18-30, and =31)(1) and TAILORX cutoffs
(=10, 11-25, and =26) (12). Cox proportional hazards models were used to estimate hazard
ratios (HR) and 95% confidence intervals (CI) for the association of RS groups with overall
mortality in male and female patients separately. The HRs and 95% Cls were derived with 1)
adjustment for age alone, 2) additional adjustment for demographic characteristics, clinical
characteristics and treatments, except chemotherapy, and 3) further adjustment for
chemotherapy. Fully-adjusted associations between chemotherapy utilization and overall
mortality were further evaluated among patients with intermediate-risk defined by traditional
or TAILORX cutoffs. Similar analyses were not performed for high-risk patients because of
the small sample size and high chemotherapy rate in male breast cancer patients. Given that
the TAILORX Trial showed a significant interaction between chemotherapy treatment and
age (<50 years vs. >50 years) (5), the abovementioned Cox regression analyses were also
conducted with stratification by age in women. Due to the small number of male patients
aged <50, age-specific analyses were only conducted in male patients with age >50. Tests
for interactions between RS groups and sex were conducted using maximum likelihood tests
comparing fully-adjusted models with and without the interaction terms.

Sensitivity analyses were conducted after excluding patients with lymph node metastasis
based on post-operative evaluation, or those who did not receive endocrine therapy
(n=25,755). Ten female patients who died within 90 days after surgery were also excluded in
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the sensitivity analysis in order to rule out the potential influence of treatment-related deaths.
All statistical tests were based on 2-sided probability, with the significance level set at
£<0.05, and performed using R 3.5.1 (R Foundation, Vienna, Austria).

A total 848 male and 110,898 female patients were included in the final analysis of this
study, accounting for 24.9% (n=3,400) and 30.5% (n=363,958) of all male and female
patients, respectively, who were eligible for Oncotype DX test (i.e., ER+, HER2-, and stage
I or Il invasive breast cancer). In comparison to male patients who were eligible for but did
not take Oncotype DX test, male patients who took the test were younger (61.9 + 10.4 vs.
64.9 + 12.3; A<0.001), and tended to have smaller tumor size (19.7 + 9.5 mmvs. 21.2 + 17.0
mm; P=0.02), lower proportion of lymph node metastasis (19.0% vs. 36.2%; A<0.001),
lower grade (grade I: 20.5% vs. 21.8%; P=0.02), and lower proportion of LVI (18.2% vs.
22.7%; P<0.001). However, after excluding patients who had lymph node metastasis and
who did not receive endocrine therapy, patients with and without RS test only showed a
significant difference in tumor grade (grade I: 23.2% vs. 26.0%, for patients with and
without RS test, respectively; P=0.03; Supplementary Table S1, online only).

Overall, among patients who had RS results, the average RS in men was comparable to that
in women (16.6 + 12.0 vs. 17.2 + 10.1, respectively; P=0.15), and so was the proportion of
patients with RS <26 (82.6% vs. 85.5%, respectively). However, the respective proportion of
patients with RS <10 and RS =31 was higher in men than women (RS <10: 34.7% vs.
23.4%; RS =31: 10.8% vs. 7.9%; ~<0.001 for both; Table 1). Chemotherapy utilization
increased with higher RS in both men and women; among patients with RS =26, 70.9% of
men and 74.8% of women received chemotherapy (Table 2).

Estimates of 5-year OS differed significantly across RS groups in both men and women
(Figure 2). When evaluated using TAILORX cutoffs, the 5-year OS was 97.2% (95% CI:
90.3-99.2%), 91.0% (95% CI: 86.1-94.3%) and 83.2% (95% CI: 70.5-90.7%) for men with
RS 0-10, RS 11-25 and RS 26-100, respectively (P=0.003). In women, patients with RS 0—
10 and RS 11-25 had similar 5-year OS of 96.6% (95% CI: 96.2-96.9%) and 97.0% (95%
Cl: 96.8-97.2%), respectively; both were higher than that of the RS 26-100 group (92.9%,
95% ClI: 92.3-93.5%; A<0.001). When estimated using traditional RS cutoffs, 5-year OS
was 95.7%, 87.5% and 82.3% for men with RS 0-17, RS 18-30 and RS 31-100,
respectively (P=0.02). Respective corresponding rates in women were 97.1%, 96.1% and
91.5% (~<0.001).

RS was associated with increased mortality risk in male patients until RS >21 (fully-adjusted
HR=1.12, 95%CI: 1.02 to 1.24 per unit RS increment), after which the risk plateaued. In
female patients, however, mortality risk began to increase only with a RS >23 (fully-adjusted
HR=1.02, 95%CI: 1.01 to 1.02 per unit RS increment). Test for non-linearity was significant
in both groups (Figure 3).

Traditional cutoffs for RS were not significantly associated with mortality in male patients
(Table 2). Based on TAILORX cutoffs, after adjustment for demographic factors, clinical
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characteristics and treatments, except chemotherapy, male patients with RS 11-25
(HR=5.37, 95%Cl: 1.79 to 16.11) or =26 (HR=4.28, 95%CI: 1.22 to 14.97) had a higher
mortality risk compared to those with RS <10. Additional adjustment for chemotherapy
resulted in little attenuation of HR for the intermediate-risk group (HR=5.33, 95%CI: 1.77 to
16.08), but some attenuations for the high-risk group (HR=3.56, 95%CI: 0.93 to 13.58). In
comparison, female patients in the high-risk group had a 2.0-fold (fully-adjusted HR=2.05,
95%Cl: 1.78 to 2.37 for TAILORX cutoffs) to 2.5-fold (fully-adjusted HR=2.46, 95%ClI:
2.13 to 2.84 for traditional cutoffs) elevated risk of mortality compared with their low-risk
counterparts. Women with RS 11-25 did not have higher mortality risk compared to those
with RS <10 (fully-adjusted HR=1.06, 95%CI: 0.96 to 1.18; Table 2). Significant
interactions between sex and RS group were observed for TAILORX cutoffs (P for jnteraction =
0.008) but not for traditional cutoffs (P fr jnteraction = 0-10). These associations were
observed in male patients age >50 years and in female patients irrespective of age <50 or
>50 years (Supplementary Table S2, Supplementary Table S3; online only). Analyses
restricted to female patients who did not receive chemotherapy showed that, in comparison
to RS <10, RS =26 was associated with an increased mortality (HR=2.00, 95%CI: 1.69 to
2.37), but RS 11-25 was not significantly associated with mortality (HR=1.08, 95%ClI: 0.97
to 1.21). Similar analyses could not be conducted in men due to the small sample size.

Additional chemotherapy was associated with lower risk of mortality among women with
RS 18-30 (HR=0.83, 95%CI: 0.71 to 0.97), and non-significant reduction in mortality
among women with RS 11-25 (HR=0.89, 95%CIl: 0.76 to 1.05; Table 3). When stratified by
age, the lower mortality risk associated with chemotherapy was only observed among older
women with RS 18-30 (HR=0.82, 95%CI: 0.69 to 0.97), but not among those aged <50 with
RS 18-30 (HR=0.96, 95%CI: 0.64 to 1.44), or among those with RS 11-25 regardless of age
(i.e., HR=0.97, 95%CI: 0.65 to 1.44 for women aged <50; HR=0.87, 95%CI: 0.73 to 1.04
for women aged >50; Supplementary Table S4, online only). No significant association
between chemotherapy and mortality was observed among male patients with intermediate-
risk; i.e., RS 18-30 (traditional cutoffs: HR=1.37, 95%CI: 0.32 to 5.82) or RS 11-25
(TAILORX cutoffs: HR=3.50, 95%CI: 0.98 to 12.53), although these analyses were based on
a much smaller sample size (Table 3). Similar analyses by age at diagnosis could not be
done in male cases due to a small sample size.

Sensitivity analyses excluding patients with lymph node metastasis, or those who did not
receive endocrine therapy, showed overall similar patterns (Table 3; Supplementary Table
S5, online only).

Discussion

In this large-scale registry-based study, we found that distribution and association patterns of
RS with mortality in male breast cancer patients were different from those in their female
counterparts. RS was prognostic for mortality among male patients, but with a lower
threshold than that for female patients. Little benefit from chemotherapy was observed for
those with intermediate-risk male patients, defined either by TAILORX or traditional cutoffs,
although this group, overall, was at high mortality risk.
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The RS algorithm was developed based on multigene profiles from female breast cancer
patients to quantify the risk of distant recurrence (1). Despite the overall similar averaged RS
between men and women, we observed higher proportions of both high and low RS in male
breast cancer patients than their female counterparts. This is similar to previous reports
based on data from the SEER Program, as well as those from a single institution (10,13,14).
The observed differences in RS distribution between men and women suggest that male
breast cancer may have distinct biology and different prognostic factors compared to female
patients. Studies have suggested that pathogenic mutations and epigenetic alterations
involved in male breast carcinogenesis do not exactly overlap with those of women (15). For
example, BRCAZ and CHEKZwere more frequent in male compared to female cases (16).
A study by Massarweh et al. revealed that, among breast cancer patients with RS testing,
men in comparison to women had higher mean expression levels for ER related genes, as
well as proliferation and invasion related genes (10). Future comparative studies on sex-
specific pathogenic alterations in breast cancer may provide more insight on underlying
mechanisms.

In female breast cancer, prognostic values of RS on cancer outcome, as well as predictive
values of chemotherapy benefit, have been well validated in both clinical trials and routine
practice settings (3-5,17), and RS has been recommended for clinical utility (18). Our
findings on the prognostic and predictive values of RS on female breast cancer patients are
consistent with previous reports (4,17-19). We found that female patients with RS 11-25
had only a modest increased mortality compared to those with RS <10. We also found no
overall mortality benefit of chemotherapy for women with RS 11-25, irrespective of age
(i.e., <50 or >50), which is generally in line with results from TAILORX Trials (5,20). These
findings support the 2018 National Comprehensive Cancer Network guidelines to increase
the risk cutoff to 26 for female breast cancer patients (21), as well as the updated clinical
practice guidelines by the American Society of Clinical Oncology (6). We carried out
additional analyses for women aged <50 with RS 16-25, for whom a chemotherapy benefit
on distant recurrence free survival was recently reported in the TAILORX Trial (20). We
found a borderline significant overall mortality benefit for this group of patients (HR=0.84,
95%Cl: 0.70 to 1.00; not reported in the tables). These results support the validity of our
findings.

To the best of our knowledge, the prognostic and predictive values of RS in male breast
cancer patients have not been well evaluated. In our study, we found significantly different
5-year OS in men across RS groups, either defined by traditional or TAILORX cutoffs,
especially when evaluated using the TAILORX cutoffs. This is consistent with the study of
Massarweh et al., which used data from the SEER Program and estimated OS and breast
cancer specific survival (BCSS) for 322 male breast cancer patients, according to traditional
RS cutoffs (10). They also observed significantly different 5-year OS and BCSS estimates
across RS groups in the entire study male population, though the differences did not remain
significant in 276 male patients without node metastasis (P=0.22 for OS, and P=0.08 for
BCSS, respectively). In our study, after adjustment for demographic, clinical and treatment
factors, we found that a much lower RS cutoff for risk classification is needed for male
compared to female breast cancer patients. TAILORX cutoffs, but not traditional cutoffs,
were associated with significantly increased mortality among male breast cancer patients.
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Interestingly, the association for the high-risk group was only modestly attenuated after
additional adjustment for chemotherapy, and chemotherapy was not significantly associated
with mortality among male patients with RS 11-25 or those with RS 18-30. This may
suggest that RS may only be associated with total mortality but not robustly predict the
benefit of adjuvant chemotherapy for male breast cancer patients. However, the sample size
for the analysis related to chemotherapy is small. In addition, our study was not equipped to
investigate the predictive value of Oncotype DX due to the lack of detailed treatment
information and compliance data in the NCDB. It is noteworthy that treatment for male
breast cancer, including those based on the RS categorization, is primarily based on the
knowledge gained from clinical trials conducted in female patients (8). In addition, previous
studies have shown that compliance to treatments was poorer in men than women (22,23).
Furthermore, there may be biological differences between male and female breast cancer (9).
Thus, studies directly evaluating whether RS is predictive to treatment in male breast cancer
patients are warranted.

The strengths of our study include the relatively large sample size and generalizability. Our
study included 848 male patients with both RS results and mortality data, which is larger
than the previous SEER based study, which included only 322 male patients with survival
data (10). Compared to the SEER Program, which covers 28% of the U.S. population (24),
the NCDB captures approximately 70% of newly diagnosed cancer cases across the U.S.,
further enhancing the generalizability of our study. In our analysis, we also accounted for a
wide range of clinical covariates, including information on endocrine therapy, which was the
backbone of systemic treatment for ER+ breast cancer patients, but which was not covered
in the previous SEER-data derived study. However, our study has limited statistical power
for subgroup analyses, including age and chemotherapy specific analyses, and these findings
should be interpreted with caution. We included all patients with RS results in our study,
some of whom may not be qualified for receiving Oncotype DX test, according to the
current guideline. We conducted additional analysis restricting our analysis to populations
strictly following the inclusion criteria of the TAILORXx Trial (i.e., ER+, HER2-, node-
negative, tumor size 1.1-5.0 cm, and aged 18-75 years) (5). We found that 70.9% of those
female patients had low clinical risk (CR, defined by tumor size and grade), and 29.1% had
high CR (data was not shown in tables), in exact agreement with proportions reported in the
TAILORX Trial (5). The RS-mortality association remained little changed among these
patients. Furthermore, our findings were not materially changed in sensitivity analysis when
patients who had lymph node metastasis or did not receive endocrine therapy were excluded.
In addition, patients with RS results had generally comparable biologic characteristics to
those who were eligible for but did not take Oncotype DX test. All these indicate that bias
related to patient selection is not a major concern for our study. A major limitation for our
study is that information on recurrence and causes of death was not recorded in the NCDB,
and thus, BCSS could not be evaluated. Lack of information on genetic tests (e.g., BRCA
mutation) is also a limitation. Finally, the follow-up time was relatively short, and
subsequent analyses with long-term follow-up is warranted.

In conclusion, among routine oncology care populations with early-stage breast cancer, RS
is prognostic for total morality in both male and female patients, but with distinct association
patterns. Mortality increased in much lower ranges of RS for male than female breast cancer
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patients. Studies are needed to develop RS categorization specifically for male breast cancer

pa

tients.
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Translational Relevance

Oncotype DX Breast Recurrence Score (RS) has been well validated and recommended
to be used to select female ER-positive, HER2-negative early stage breast cancer patients
with a high recurrence risk for chemotherapy. Our study showed that, in routine oncology
practice setting, RS predicts total mortality in both male and female breast cancer patients
but following distinct patterns. This finding highlights the need to develop RS
categorization specifically for male breast cancer patients. Studies on sex-specific
pathogenic alterations in breast cancer are needed to clarify the underlying mechanisms.
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Patients in National Cancer Data Base with breast cancer
diagnosed between 2004 and 2014 were identified
(N = 2,445,870)

Excluded (n = 629,136)

Concomitant diagnosis or history of
other malignancies (n = 423,653)

Inconsistent records of metastasis

status (n = 10,890)
Missing follow-up information

(n =189,627)
Missing or invalid follow-up time
(n = 4,967)

Patients assessed for eligibility
(N=1,816,733)

Inclusion Criteria
Estrogen receptor positive

Human epidermal growth factor
receptor negative

Stage | or Il

Oncotype DX testing results available
Excluded (n = 23)

No Surgery (n = 23)

Patients included in analysis
(N =111,746)

Male breast cance

r patients (n = 848)

Female breast cancer patients (n = 110,898)

Overall mortality events (n = 41)

Overall mortality events (n = 2,527)

Figure 1.
Study Flowchart
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Figure 2. Five-year Overall Survival by Oncotype DX Recurrence Score (RS) for Male and
Female Breast Cancer Patients

(A) 5-year survival curve for male patients according to traditional RS cutoff (i.e., 0-17,18—
30, and 31-100); (B) 5-year survival curve for male patients according to TAILORx RS
cutoff (i.e., 0-10,11-25, and 26-100); (C) 5-year survival curve for female patients
according to traditional RS cutoff (i.e., 0-17,18-30, and 31-100); (D) 5-year survival curve
for female patients according to TAILORX RS cutoff (i.e., 0-10,11-25, and 26-100).
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Figure 3. Association Pattern Between Total Mortality Curve and Oncotype DX Recurrence
Score (RS) in Male and Female Breast Cancer Patients

Association pattern for male breast cancer patients. (B) Association pattern for female breast
cancer patients. Results were generated from restricted cubic spline regression with
adjustment for age and RS as a continuous variable.
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Table 1.

Characteristics of breast cancer patients with Oncotype DX Recurrence Score testing

Characteristics Male (N =848, %) Female (N = 110,898, %) P
Age (years, Mean + SD [range]) 61.9 + 10.4 [26-88] 58.3 + 10.5 [18-90] <0.001
Recurrence Score (Mean + SD [range])  16.6 + 12.0 [0-100] 17.2 £10.1 [0-100] 0.15
Recurrence Score <0.001
0-10 34.7 23.4
11-17 23.8 36.1
18-25 241 26.0
26-30 6.6 6.6
31-100 10.8 7.9
Follow-up time (months, Median) 39.5 40.1 0.06
Deaths 41 2,527
Race 0.01
White 86.4 87.0
Black 10.0 7.6
Other 2.7 4.4
Unknown 0.8 0.9
Year of Diagnosis 0.25
2010 12.3 13.8
2011 20.3 17.8
2012 205 20.1
2013 23.3 23.0
2014 23.6 253
Nottingham Combined Histological Grade <0.001
| 20.5 30.0
I 52.4 50.6
1 21.0 141
Unknown 6.0 5.3
Histology Type <0.001
Ductal 83.0 73.9
Lobular 3.4 11.7
Other 13.6 14.4
Positive Progesterone Receptor 92.7 90.9 0.29
Positive Lymph Vascular Invasion 18.2 13.2 <0.001
Tumor Size (mm, Mean + SD) * 19.7+95 17.3+12.3 <0.001
Lymph Node Metastasis 19.0 16.9 0.12
Comorbidity 19.9 145 <0.001
Mastectomy 74.4 32.8 <0.001
Chemotherapy 22.6 234 0.49
Endocrine Therapy 86.0 93.0 <0.001
Radiation Therapy 32.1 67.9 <0.001
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*
Exact tumor size was not available for 5 male patients and 590 female patients.
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