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Abstract

Purpose: This study aimed to evaluate whether young adult breast cancer pa-
tients have poor outcomes independent of established prognostic factors and
analyze differences in prognosis between younger and older patients stratified
by tumor subtype. Methods: Of 10,950 breast cancer patients treated at West
China Hospital between 1998 and 2017, 741 younger patients (<35 years) and
3705 older patients (235 years) were enrolled in this study after applying ex-
clusion criteria and matching adjusted for the diagnosis year. Breast can-
cer-specific survival (BCSS) and disease-free survival (DFS) were analyzed
between the two groups before and after propensity score matching (PSM) as
well as in different subgroups. Results: We identified 11 parameters (all P <
0.05) that differed between the two groups. Cox regression analysis hazard ra-
tios (HR) for BCSS and DFS in younger patients were 1.604 (95% CI, 1.327 -
1.938; P < 0.001) and 1.425 (95% CI, 1.234 - 1.645; P < 0.001) with reference
to the older group. After balancing the differences in baseline characteristics
between the two groups by PSM, the HRs for BCSS and DFS of younger pa-
tients decreased; however, the differences remained significant (HR for BCSS =
1.328 [95% CI, 1.038 - 1.698; P = 0.024] and HR for DFS = 1.301 [95% CI,
1.077 - 1.572; P = 0.006]). When stratified by tumor subtype, younger pa-
tients with T1, NO, tumor stage I, G3, estrogen receptor (ER)-negative, proge-
sterone receptor (PR)-negative, and Ki67 > 14% had a poor BCSS; in addi-
tion, patients with T1, N1, tumor stages I and II, G3, ER-negative, PR-negative,
and triple-negative had a poorer DFS than older patients. Conclusion: Young
age was an independent prognostic factor for BCSS and DFS in breast cancer
patients. The increased risk of relapse was most pronounced in early-stage
breast cancer, especially in patients with ER-negative disease.
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1. Introduction

Breast cancer is the most common cancer in women worldwide [1] [2]. In Eu-
ropean and American countries, the majority of breast cancer patients are post-
menopausal women [3]. Breast cancers are relatively rare in young adults,
representing a small fraction of cases. Annually, about 6% - 7% of all breast can-
cers are diagnosed in patients under 40 years of age and less than 4% of patients
are younger than 35 years [4] [5]. However, in Asian countries, a higher propor-
tion of breast cancer is diagnosed at a young age, with a mean age at diagnosis
about 10 years younger than that in western countries [4] [6]. Therefore, pa-
tients, doctors, and health departments should attach due attention to the young
age at onset of breast cancers.

Young adults with breast cancer represent a group of patients with special
management requirements [7] [8]. In a recent study, the risk of death increased
by 5% for every one-year reduction in age among patients aged <35 years, whe-
reas there was no significant correlation between the risk of death and age for
patients aged 35 - 50 years [9]. However, in terms of prognosis, the majority of
investigators reported that poor survival was not attributed to young age but
rather that young adult breast cancer patients usually exhibit higher incidences
of advanced stages at diagnosis, human epidermal growth factor receptor 2
(HER2)-positive status, ER or PR-negative status, and a higher histological clas-
sification grade than those of older patients [10] [11] [12]. Based on these re-
ports, in recent years, nearly all guidelines no longer regard young age at breast
cancer onset to be an independent poor prognostic factor [13]. However, other
studies reported that younger age may also be associated with other situations,
such as gene mutations or gene methylation, which may independently result in
poor outcomes [14] [15]. Thus, whether young age remains an independent pre-
dictive prognostic factor, after adjusting for breast cancer subtype (ER, PR, and
HER2 status) and other known prognostic factors (tumor stage, adjuvant sys-
temic therapy, etc.), has to be determined.

Therefore, our comprehensive evaluation of breast cancer in young women
first applied propensity score matching (PSM) to balance the baseline characte-
ristics between younger and older groups to confirm whether young age (<35
years) is an independent risk factor for breast cancer-specific survival (BCSS)
and disease-free survival (DES). We also identified the characteristics of sub-
groups whose prognosis was most negatively influenced by the early-age onset of
breast cancer in order to identify targeted populations of young adult breast

cancer patients to receive more effective therapeutic regimens.
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2. Methods
2.1. Patients

This retrospective analysis included 10,950 breast cancer patients who under-
went surgery between 1998 and 2017 at the Department of Breast Surgery at
West China Hospital of Sichuan University. The exclusion criteria included me-
tastatic breast cancer, ductal carcinoma in situ, or bilateral breast cancer. We ex-
cluded 780 cases, including 375 cases of metastatic breast cancer, 338 cases of
ductal carcinoma in situ and 67 cases of bilateral breast cancer. After exclusion,
10,170 patients, including 741 younger patients (<35 years) and 9429 older pa-
tients (=35 years), were enrolled in the study. Because there was a stable increase
in the proportion of young adult breast cancer patients (from 5.1% in 1998 to
8.2% in 2017), we created a matched cohort after adjusting for diagnosis year
(1:5) to decrease the differences in survival due to the development of new ther-
apies over time as well as to the difference in sample size between the two
groups. Therefore, patients aged < 35 years at the time of surgery were allocated
to the younger group (N = 741), while those aged > 35 years were allocated to
the older group (N = 3705) (Figure 1).

Breast cancer patients who underwent surgery from 1998 to 2017 at the
Department of Breast Surgery, West China Hospital

N=10950
Exclusion criteria
1 DCIS N=338
2 Stage IVN =375
3 Bilateral Breast cancer N = 67
Young adult patients <35 years old Older patients >35 years old
N=1741 N=9429

Case matching for year of diagnosis (1:5)

<35 years old (N =741) >35 years old (N =3705)

Assessing independent prognostic factors
for DFS and BCSS.

Using PSM to balance differences in the
baseline characteristics between the two

groups
<35 years old (N =741) >35 years old (N = 741)
Figure 1. Overview of the study population.
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2.2. Tumor Stage, Grade, and Subtypes

Tumor stage was reevaluated using the 8th American Joint Committee on Can-
cer (AJCC) system [16]. Histologic grade was classified into four groups: well
differentiated (G1), moderately differentiated (G2), poorly differentiated and
undifferentiated (G3), and unknown. Hormone receptor (HR) status was de-
fined as positive when immunohistochemistry test results for either the ER or
PR were positive and as negative when both tests results were negative. HER2
expression was defined as negative when the immunohistochemistry results were
negative or 1+ and as positive when the results were 3+. When the results were
2+, we defined the HER2 positivity according to the results of the fluorescent in
situ hybridization. According to the St. Gallen classification [17], the breast cancers
were categorized into four subtypes: luminal A (HR-positive, HER2-negative,
Ki-67 < 14%); luminal B (HR-positive, HER2-positiveor Ki-67 > 14%); HER2
(HR-negative and HER2-positive); and triple negative (TN; HR-negative and
HER2-negative).

2.3. Endpoint Definitions

The primary endpoints were the incidence of BCSS and DFS. BCSS was defined
as the time from the start of treatment to death from breast cancer. Patients who
died from causes other than breast cancer are not counted in this measurement.
DEFS was defined as the length of time from the date of surgery to the appearance
of local recurrence, regional metastasis, second primary cancer, distant metasta-

sis, or death.

2.4. Statistical Analysis

The descriptive statistics included means, ranges, standard deviations, and
proportions. Categorical data are presented as percentages and differences be-
tween proportions were compared using chi-square or Fisher’s exact tests. BCSS
and DFS in two groups were computed using the Kaplan-Meier method and
compared using log-rank tests. Univariate and multivariate analyses using Cox
regression models with adjusted hazard ratios (HRs) along with 95% confidence
intervals (CIs) were performed to assess the independent prognostic characteris-
tics on DFS or BCSS. PSM was used to balance differences in the baseline cha-
racteristics between the younger and older patient groups. The propensity score
was calculated using logistic regression including the covariates of T stage,
lymph node metastasis, tumor subtype, histologic grade, and ER status. The ad-
justed cohort was used to validate the effect of age on outcome. Furthermore, we
stratified the cases according to tumor characteristics and analyzed the probabil-
ities of BCSS and DFS according to age. The result was presented as a forest plot.
All statistical evaluations were performed using IBM SPSS Statistics for Win-
dows, version 25.0 (IBM Corp., Armonk, NY). Results with P values < 0.05 were
considered statistically significant. This study was reviewed and approved by the

Institutional Ethics Committee, West China Hospital of Sichuan University.
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3. Results

3.1. Patient Characteristics and the Association with Age at
Diagnosis

The cohort of patients adjusted for diagnosis year was classified into younger
(<35 years, N = 741) and older (235 years, N = 3705) age groups. The detailed
features of the two groups are presented in Table 1. Eleven factors, including T
stage, lymph node status, tumor stage, histologic grade, ER status, PR status,
HER2 status, Ki-67, tumor subtype, and endocrinotherapy, differed significantly
between the two groups. The results of the univariate analysis indicated that tu-
mors in young breast cancer patients were more aggressive than those in older

patients.

3.2. Survival Analysis

The median follow-up duration was 83 months (range, 3 - 180 months). In total,
603 (13.6%) patients died of breast cancer and 1126 (25.3%) patients experienced
breast cancer recurrence or death. The 15-year BCSS and DFS rates for the
younger and older groups were 81.1% and 87.5%, respectively (P < 0.001, Figure
2(a)) and 68.2% and 76.0%, respectively (P < 0.001, Figure 2(b)).Cox regression
analysis showed that the HRs for BCSS and DFS in the younger patients were
1.604 (95% CI, 1.327 - 1.938; P < 0.001) and 1.425 (95% CI, 1.234 - 1.645; P <
0.001), respectively, with reference to the older group. Thus, the prognosis of
younger breast cancer patients was worse than that of older breast cancer pa-
tients. However, we cannot conclude that young age is an independent risk fac-
tor of BCSS and DFS because the poor outcomes may be due to more aggressive
tumors in the younger patients than those in the older patients. In order to dis-
cover whether the poor prognosis among young adults with breast cancer was
due to age itself, we set the BCSS and DEFS as the research endpoints for Cox re-
gression analysis in Table 2. Univariate analysis showed that all factors except
for histologic grade, Ki-67, and radiotherapy could predict the BCSS and all fac-
tors except for Ki-67, radiotherapy, and chemotherapy could predict the DFS.
Furthermore, the multivariate analysis performed using the factors associated
with survival outcomes in univariate analysis revealed that age remained an in-
dependent factor associated with BCSS (£ < 0.001) and DFS (P < 0.001).

3.3. Survival Analysis According to PSM in the Corrected Cohort

To validate the effect of age on BCSS and DFS, PSM was used to balance the dif-
ferences in baseline characteristics and generate a corrected cohort. The pro-
pensity score was calculated using a logistic regression that included the cova-
riates of all independent risk factors for BCSS and DFS; namely T stage, lymph
node status, histologic grade, ER status, and tumor subtype. All covariates were
well-balanced between the younger and older groups in the corrected cohort (all
Pvalues > 0.260, Table 3). The 15-year BCSS and DFS rates for the younger and
older groups were 81.1% and 84.3% (P = 0.023, Figure 3(a)) and 68.2% and
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Table 1. Clinicopathological characteristics and treatment regiments in younger and old-
er breast cancer patients.

<35 years 235 years
N=741,No. (%)  N=3705, No. (%) X Prvalue
T stage 11.532 0.021
T1 243 (32.8) 1279 (34.5)
T2 339 (45.7) 1795 (48.4)
T3 91 (12.3) 399 (10.8)
T4 55 (7.4) 198 (5.3)
Unknown 13 (1.8) 34 (0.9)
Lymph node status 30.096 <0.001
NO 294 (39.7) 1691 (45.6)
N1 210 (28.3) 1137 (30.7)
N2 124 (16.7) 535 (14.4)
N3 113 (15.2) 342 (9.2)
Tumor stage 26.383 <0.001
1 160 (21.6) 904 (24.4)
2 314 (42.4) 1,808 (48.8)
3 260 (35.1) 973 (26.3)
Unknown 7 (0.9) 20 (0.5)
Histologic grade 42.810 <0.001
Gl 68 (9.2) 535 (14.4)
G2 256 (34.5) 1553 (41.9)
G3 383 (51.7) 1470 (39.7)
Unknown 34 (4.6) 147 (4.0)
ER status 10.130 0.001
Negative 221 (22.8) 899 (24.3)
Positive 520 (70.2) 2806 (75.7)
PR status 4.995 0.025
Negative 225 (30.4) 977 (26.4)
Positive 516 (69.6) 2728 (73.6)
HER?2 status 8.097 0.017
Negative 361 (48.7) 2016 (54.4)
Positive 180 (24.3) 790 (21.3)
Unknown 200 (27) 899 (24.3)
Ki-67 (%) 8.710 0.013
<14% 277 (37.4) 1503 (40.6)
>14% 438 (59.1) 2130 (57.5)
Unknown 26 (3.5) 72 (1.9)
Tumor subtype 22.173 <0.001
Luminal A 89 (12.0) 604 (16.3)
Luminal B 369 (49.8) 1923 (51.9)
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Continued
HER2 58 (7.8) 173 (4.7)
Triple-negative 103 (13.9) 474 (12.8)
Unknown 122 (16.5) 531 (14.3)
Surgery 0.087 0.768
Breast-conserving 97 (13.1) 500 (13.5)
Mastectomy 644 (86.9) 3205 (86.5)
Radiotherapy 0.440 0.802
No 599 (80.8) 2,957 (79.8)
Yes 119 (16.1) 622 (16.8)
Unknown 23 (3.1) 126 (3.4)
Chemotherapy 6.622 0.086
No 117 (15.8) 713 (19.2)
Yes 586 (79.1) 2802 (75.6)
Unknown 38 (5.1) 190 (5.1)
Endocrinotherapy 7.101 0.029
No 245 (33.1) 1045 (28.2)
Yes 485 (65.5) 2604 (70.3)
Unknown 11 (1.5) 56 (1.5)

73.3%, respectively (P = 0.006, Figure 3(b)). Cox regression analysis showed
that the HRs for BCSS and DEFES of the younger patients decreased when com-
pared to those in the unmatched cohort; however, the difference remained sta-
tistically significant (HR for BCSS = 1.328 [95% CI, 1.038 - 1.698; P = 0.024] and
HR for DFES = 1.301 [95% CI, 1.077 - 1.572; P=0.006]).

3.4. Subgroup Analysis in the Corrected Cohort

In order to identify the poor outcomes of what kinds of patients were most cor-
related with young age in this study, subgroup analyses were performed based
on all clinicopathological characteristics in the corrected data. The results of
BCSS and DFS rates are summarized in Figure 4. Patients in the younger group
with T1, NO, tumor stage I, G3, ER-negative, PR-negative, and Ki67 > 14% had a
poorer BCSS compared with that in patients in the older group. Similarly, pa-
tients in the younger group with T1, N1, tumor stages I and II, G3, ER-negative,
PR-negative, and triple-negative tumors had a poorer DFS compared to that in
patients in the older group. In general, younger patients with early-stage tumors
and ER-negative had a significantly increased incidence of poor outcomes com-

pared to those of older patients.

4. Discussion

Whether young age is an independent risk factor for breast cancer survival is
controversial [14] [18] [19] [20]. In this population-based cohort study, we

found that young age was highly correlated with progressive tumor characters.
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Table 2. Univariate and multivariate Cox regression analysis of all clinical and pathological parameters.

BCSS DFESS
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Age (years) <0.001 <0.001 <0.001 <0.001
<35 1.604 (1.327 - 1.938) 1.529 (1.264 - 1.850) 1.425 (1.234 - 1.645) 1.376 (1.191 - 1.589)
>35 1 (ref) 1 (ref) 1 (ref) 1 (ref)
T stage <0.001 <0.001 <0.001 <0.001
T1 1 (ref) 1 (ref) 1 (ref) 1 (ref)
T2 2.657 (2.106 - 3.352) 2.372 (1.859 - 3.026) 1.574 (1.367 - 1.813) 1.576 (1.368 - 1.816)
T3 4.922 (3.772 - 6.424) 3.909 (2.858 - 5.348) 2.139 (1.77 - 2.584) 2.121 (1.755 - 2.562)
T4 3.134 (2.174 - 4.519) 2.483 (1.647 - 3.744) 1.420 (1.076 - 1.872) 1.396 (1.059 - 1.842)
Unknown 4.129 (2.149 - 7.934) 3.386 (1.744 - 6.576) 1.800 (1.052 - 3.078) 1.770 (1.034 - 3.029)
Lymph node status <0.001 0.001 0.003
NO 1 (ref) 1 (ref)
N1 1.833 (1.493 - 2.251) 1.451 (1.174 - 1.792) 1.102 (0.958 - 1.268)
N2 2.514 (2.002 - 3.156) 1.600 (1.238 - 2.068) 1.241 (1.045 - 1.473)
N3 2.664 (2.08 - 3.411) 1.485 (1.11 - 1.986) 1.383 (1.146 - 1.669)
Tumor stage <0.001 0.503 <0.001
1 1 (ref) 1 (ref)
2 2.773 (2.067 - 3.72) 1.543 (1.31 - 1.816)
3 4.576 (3.407 - 6.144) 1.748 (1.469 - 2.081)
Unknown 3.476 (1.258 - 9.605) 1.149 (0.473 - 2.791)
Histologic grade 0.177 - 0.001 0.002
Gl 1 (ref) 1 (ref) 1 (ref)
G2 0.997 (0.766 - 1.299) 1.040 (0.855 - 1.264) 1.019 (0.838 - 1.239)
G3 1.192 (0.921 - 1.542) 1.269 (1.049 - 1.535) 1.232(1.018 - 1.491)
Unknown 1.230 (0.795 - 1.901) 1.491 (1.095 - 2.029) 1.497 (1.099 - 2.039)
ER <0.001 0.827 0.010 0.029
Positive 1 (ref) 1 (ref) 1 (ref)
Negative 0.701 (0.591 - 0.831) 0.84 3 (0.74 - 0.959) 0.865 (0.759 - 0.985)
PR <0.001 0.782 0.048
Positive 1 (ref) 1 (ref)
Negative 0.726 (0.614 - 0.860) 0.879 (0.773 - 0.999)
HER2 <0.001 0.845 0.011
Positive 1 (ref) 1 (ref)
Negative 1.393 (1.144 - 1.695) 1.237 (1.071 - 1.429)
Unknown 1.366 (1.128 - 1.653) 1.137 (0.986 - 1.31)
Ki-67(%) 0.258 - 0.783
<14% 1 (ref) 1 (ref)
>14% 1.100 (0.933 - 1.298) 1.009 (0.895 - 1.137)
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Continued

Unknown
Tumor subtype
Luminal A
Luminal B
HER2
Triple Negative
Unknown
Surgery
Breast-conserving
Mastectomy
Radiotherapy
Yes
No
Unknown
Chemotherapy
Yes
No
Unknown
Endocrinotherapy
No
Yes
Unknown

0.725 (0.385 - 1.365)

1 (ref)
1.266 (0.978 - 1.639)
2.378 (1.683 - 3.361)
1.617 (1.185 - 2.207)

1.490 (1.099 - 2.021)

1 (ref)
2.101 (1.541 - 2.865)

1 (ref)
1.047 (0.798 - 1.373)
0.89 (0.57 - 1.392)

1 (ref)
2.932 (1.655 - 5.194)

2.695 (1.38 - 5.264)

1 (ref)
0.698 (0.591 - 0.824)
0.867 (0.445 - 1.688)

<0.001

<0.001

0.820

0.001

<0.001

0.001
1 (ref)
1.009 (0.777 - 1.311)
1.462 (1.028 - 2.079)
1.516 (1.11 - 2.071)
0.922 (0.674 - 1.261)

0.377

0.421

0.478

0.870 (0.572 - 1.323)

1 (ref)
1.037 (0.873 - 1.233)
1.634 (1.26 - 2.12)
1.038 (0.828 - 1.301)

1.187 (0.961 - 1.465)

1 (ref)
1.419 (1.171 - 1.720)

1 (ref)
1.047 (0.897 - 1.222)
0.895 (0.639 - 1.255)

1 (ref)
1.136 (0.974 - 1.326)

1.080 (0.807 - 1.445)

1 (ref)
0.858 (0.756 - 0.973)
1.185 (0.755 - 1.859)

0.001

<0.001

0.665

0.264

0.028

The survival analysis also indicated that young age (<35 years) at diagnosis was
associated with unfavorable clinical outcomes in women with breast cancer in
both the unadjusted and adjusted cohorts, especially patients in the early-stage
and ER-negative subgroups.

A number of studies have focused on the prognosis of young and old age at
diagnosis of breast cancer. Some have reported young age to be an independent
risk factor for relapse in operable breast cancer patients [21] [22] [23]; however,
others reported that age is not significantly related to mortality from breast can-
cer when accounting for all prognostic variables [10] [12] [19]. The inconsistent
results may be due to differences in the definitions of young age in these studies,
such as that under the ages of 30, 35, 40, or even 45 years [8] [24]-[29]. In clini-
cal practice, an optimal cutoff value is needed to define young patients with
breast cancer. The Suppression of Ovarian Function Trial (SOFT) showed that
ovarian function suppression (OFS) did not provide a significant benefit to the
overall study population but did improve disease outcomes in younger patients
(<35 years) [30]. After consulting experts and the literature, St Gallen adopted
acutoff of 35 years to define the risk categories of breast cancer patients [26].

Therefore, our population-based cohort study used 35 years as the cutoff to
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Table 3. Univariate analysis of matched factors between younger and older breast can-
cer patients in the corrected cohort.

<35 years 235 years

N=741, No. (%) N=741, No. (%) X Prvalue
T stage 4.521 0.340
T1 243 (32.8) 213 (28.7)
T2 339 (45.7) 358 (48.3)
T3 91 (12.3) 107 (14.4)
T4 55 (7.4) 54 (7.3)
Unknown 13 (1.8) 9(1.2)
Lymph node status 3.134 0.371
NO 294 (39.7) 268 (36.2)
N1 210 (28.3) 236 (31.8)
N2 124 (16.7) 131 (17.7)
N3 113 (15.2) 106 (14.3)
Tumor stage 2.555 0.465
1 160 (21.6) 137 (18.5)
2 314 (42.4) 335 (45.2)
3 260 (35.1) 263 (35.5)
Unknown 7 (0.9) 6 (0.8)
Histologic grade 3.976 0.264
Gl 68 (9.2) 70 (9.4)
G2 256 (34.5) 279 (37.7)
G3 383 (51.7) 348 (47)
Unknown 34 (4.6) 44 (5.9)
ER 0.396 0.529
Negative 221 (22.8) 210 (28.3)
Positive 520 (70.2) 531 (71.7)
Tumor subtype 5.281 0.260
Luminal A 89 (12.0) 115 (15.5)
Luminal B 369 (49.8) 348 (47)
HER2 58 (7.8) 47 (6.3)
Triple-negative 103 (13.9) 102 (13.8)
Unknown 122 (16.5) 129 (17.4)

define young breast cancer patients.

Using this definition, we observed a continuous increase in the proportion of
young breast cancer patients (from 5.1% in 1998 to 8.2% in 2017). In the past
two decades, the treatment of breast cancer has changed significantly. Thus, rel-
atively more young patients underwent modern therapies and more old patients
underwent the old treatments two decades ago. Therefore, we created a matched

cohort adjusted for diagnosis year to eliminate the effects of different therapies
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Figure 2. Kaplan-Meier curves showing breast cancer cancer-specific survival (a) and disease disease-free survival (b) with respect

to age at diagnosis.
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Figure 3. Kaplan-Meier curves showing breast cancer cancer-specific survival (a) and disease disease-free survival (b) with respect

to age at diagnosis in the corrected cohort.

in over time. Many previous studies did not match the age at diagnosis of breast

cancer, which may also contribute to the inconsistent results.

In this study, young breast cancer patients were more likely to have a higher T

grade, proportion of histological grade III, ER and PR-negative status, HER-2

overexpression, TNBC subtype, higher stage, and an increased possibility of

lymph node invasion, a finding consistent with other literature [10] [12] [31].

Therefore, it is reasonable that young breast cancer patients had a worse prog-

nosis than that of older patients due to the more aggressive nature of the tumors.

However, we cannot conclude that young age is an independent prognostic fac-

tor. To elucidate the individual role of young age on survival outcomes, we used

PSM to balance differences in baseline characteristics correlated with BCSS or
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Parameters Total <35 years 235 years BCSS OR 95%Cl P value DFS OR 95%Cl P value
T stage
T 456 243 213 —8— 3516 1673 7.389 0.001 —— 2213 1435 3.414 <0.001
T2 697 339 358 - 1231 0878 1727 0228 Ha- 1.146 0.884 1.485 0.302
T3 198 91 107 —— 0.968 0.571 1.641 0.903 —_— 1172 0.737 1.863 0.502
T4 109 55 54 1.354 0532 3450 0.525 —— 1128 0549 2.319 0.742
Unknown 22 13 9 ——— 1549 0282 8499 0614 —_—— 1374 0.327 5.767 0.664
Lymph node status
NO  5gp 204 268 —— 2299 1.389 3.803 0.001 - 1.320 0.960 1.814 0087
N1 446 210 236 —— 1.367 0.871 2.145 0.174 ——— 1.640 1.153 2.332 0.006
N2 255 124 131 —— 0.781 0475 1283 0.329 —— 0.910 0595 1.390 0662
N3 219 113 106 ——— 1.293 0.718 2329 0.391 Pl 1.277 0.788 2.071 0.321
Tumor stage
1 207 160 137 b——@—— 4547 1546 13.374 0.006 —=— 1.805 1.049 3.103 0.033
2 649 314 225 —_— 1353 0.923 1982  0.121 - 1.342 1.018 1.770 0.037
3 523 260 263 —_— 1077 0758 1532 0678 - 1.146 0.848 1.549 0.374
Unknown 13 7 6 58.897 0.005 651196.588 0.391 —_— 2.763 0.287 26.602 0.379
Histologic grade
G1 138 68 70 0503 0.189 1.343 0.170 0.634 0.297 1.355 0.240
G2 535 256 279 —— 1082 0697 1678 0725 - 0.755 0.527 1.083 0.127
G3 731 383 348 —_— 1673 1.194 2344 0.003 - 1.792 1.392 2.308 <0.001
Unknown 78 34 44 —_— 1410 0511 3.892 0508 —-— 1.656 0.755 3.632 0.208
ER
Negative 431 221 —— 1560 1.048 2.324 0.029 - 2210 1.611 3.031 <0.001
Positive 1051 520 531 —— 1.154 084 1.585 0.376 - 0.917 0.718 1.172 0.490
PR
Negative 442 225 217 P 1530 1.034 2264 0.034 == 2.071 1.516 2.829 <0.001
Positve 1040 516 524 — 1174 0853 1615 0.326 HH 0.955 0.748 1.220 0.713
HER2
Negative 741 361 381 - 1320 0910 1915 0.143 M- 1.311 0996 1.725 0.054
Positve 338 180 158 —— 1.004 0626 1612 0.986 i 1.190 0.814 1.740 0.370
Unknown 402 200 202 s 1629 1030 2577 0.037 - 1.385 0.968 1.982 0.074
Ki-67(%)
<14% 593 277 316 — 1.188 0.801 1.763 0.391 - 1.330 0.986 1.795 0.062
>14% 849 438 411 -t 1405 1.019 1.935 0.038 re- 1.271 0.992 1,627 0.057
Unknown 40 26 14 —g—— 2540 0.263 24507 0.420 —— 1.863 0.358 9.693 0.46
Tumor subtypes
LunimalA 204 89 115 —r— 0760 0.322 1794 0531 —r 0.784 0.424 1451 0439
Lunimal B 717 369 348 —— 1.062 0729 1546 0.755 - 0.917 0.688 1.224 0.557
HER2 105 58 47 —— 1585 0785 3.199 0.199 = 1.757 1.000 3,090 0.050
Triple Negative205 103 102 ——— 1298 0727 2315 0.377 ==t 1.764 1.106 2.811 0.017
Unknown 251 122 129 —— 2322 1221 4415 0.008 —— 2.201 1.362 3.556 0.001
0.1 1 10 0.1 1 10

Figure 4. Stratified analysis according to variable and the probability of breast cancer cancer-specific survival analysis and disease

disease-free survival according to age.

DES between the two groups. We found that patients in the younger group had
poorer BCSS and DFS compared to those of the patients in the older group. This
result showed that, in addition to the aggressive parameters we have already
known, other characteristics may also affect the survival of young breast cancer
patients. For example, gene expression or molecular biological characteristics in
young patients with breast cancer also reportedly contribute to the poor progno-
sis [32] [33] [34].

As young age at diagnosis of breast cancer appeared to affect patient survival
in some way, it remained undetermined if this factor affected all subgroups of
breast cancer patients. To answer this question, we performed subgroup analysis
and demonstrated that young patients with breast cancer had poorer survival
outcomes mainly in the early-stage and ER-negative subgroups. Most of re-
searchers reported that younger patients showed a worse prognosis than that of
older patients in ER-positive subgroups [10] [28] [35]. In contrast, just like the
other researchers reported [19], our current study showed similar prognosis for
younger and older ER-positive patients. The reason for this finding may be due
to the fact that up to 73% of ER-positive patients in the younger group under-

went adjuvant chemotherapy and more than one-third chose more aggressive
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endocrinotherapy such as OFS. Younger patients with ER-negative disease had a
worse prognosis, especially those with early-stage disease. One the reason for
this observation is that the younger patients, especially those with ER-negative
tumors, may have a number of micrometastases [36]. Thus, the results of this
study, suggest that younger patients with early-stage and ER-negative breast
cancer should undergo more aggressive treatment because traditional treatments
may be insufficient.

Our study has several potential limitations. Retrospective analyses always car-
ry a risk of various biases. However, with the use of a large-scale sample size,
subgroup analysis, and PSM, our study minimized potential biases and had a
high degree of power. Moreover, previous literature mainly analyzed young
breast cancer with worse prognosis, rarely indicating whether age was an inde-
pendent risk factor. Our study not only showed that young age was an indepen-
dent risk factor for breast cancer but subgroup analysis also revealed that age
mainly affected the prognosis of early-stage and ER-negative breast cancers. Al-
though no prospective study has demonstrated young age to be an independent
prognostic factor, it should be regarded as a risk predictor for survival. Treat-
ment of breast cancer should consider age in association with other pathological
and biological factors so that young breast cancer patients can receive more ef-

fective therapeutic regimens.

5. Conclusion

Young age was an independent prognostic factor of BCSS and DFS for breast
cancer patients. The excess risk of relapse was most pronounced in early-stage
breast cancer, especially in ER-negative tumors.
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