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Objective: To compare the prognosis of young breast cancer patients with the older ones.
Patients and methods: Utilizing the Surveillance, Epidemiology, and End Results database,
we identified 150,588 female breast cancer patients diagnosed during 2003—-2014, including 6,668
patients younger than 35 years and 143,920 patients aged between 35 and 60 years. Kaplan—
Meier analysis was performed to compare the prognosis of these two groups. Univariate and
multivariate Cox proportional hazard models were utilized to identify independent prognostic
factors and calculate the HR and 95% CI. Subgroup analysis was performed stratified according
to the lymph node status and estrogen receptor (ER) status.

Results: The young patients presented with more aggressive clinicopathological characteristics,
including larger tumor size (P<0.001), more lymph node metastasis (P<0.001), higher grade
(grades [T and IV, P<0.001), more ER/progesterone receptor absence (P<0.001), and more human
epidermal growth factor receptor 2 overexpression (P<0.001). The patients younger than 35
years presented with inferior breast cancer-specific survival (BCSS) and overall survival (OS)
(log-rank, P<0.001) in comparison with the older ones. In the multivariable Cox proportional
hazard regression analysis, young age remained to be an independent adverse prognostic factor
in operable breast cancer in terms of BCSS (HR, 1.200; 95% CI, 1.110-1.297; P<0.001) and OS
(HR, 1.111; 95% CI, 1.032-1.196; P=0.005). In the subgroup analysis, young age remained a
significant adverse prognostic factor in NO (BCSS), N1, and ER-positive subgroups (P<0.05).
Conclusion: Young age is an independent adverse prognostic factor in operable breast cancer.
Young patients may receive more intensive treatment than older ones.
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Introduction

Breast cancer is the most common malignant disease and the second cause of cancer-
specific death among women in the US.! Patients diagnosed at a young age, especially
younger than 35 years, are relatively rare, accounting for only 1.8% of total number
of cases diagnosed among women each year.”

Whether young age is an independent adverse prognostic factor in breast cancer
remains controversial. There is a lot of evidence showing that young breast cancer
patients are more likely to present with more aggressive clinicopathological charac-
teristics, including larger tumor size, more involved lymph nodes, higher grade, higher
proliferation index, more lymphovascular invasion, absence of estrogen receptor (ER)/
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2)
overexpression.> 2 Compared with older ones, the young breast cancer patients have
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inferior prognosis.*%!%11:13-18 However, some studies have
come to the opposite conclusion. Those authors advocated
that young age was not an independent adverse prognostic
factor in breast cancer patients.”!*?2 Gajdos et al’ compared
the prognosis of 101 cases of women under age 36 and 631
cases of women aged 36 years and older with stage 0-III
breast cancer, and found that the cumulative 5-year local
and distant disease-free survival was significantly worse for
patients younger than 36 years. However, after controlling
the covariates including tumor size, nodal involvement,
chemotherapy, and tamoxifen, age was no longer signifi-
cantly associated with local or distant disease-free survival.
However, these studies have some limitations. For example,
these patients were diagnosed many years ago, but treat-
ments have improved a lot during this time. Moreover, most
of these studies did not contain HER2 status, which is an
important independent prognostic factor. Finally, these stud-
ies were retrospective and poorly represented the situation
of the real world.

Because whether young age is an independent adverse
prognostic factor in breast cancer remains uncertain, and it
is important for considering tailored treatment program, we
aimed to conduct a population-based study to compare the
prognosis of young and older operable breast cancer patients
utilizing Surveillance, Epidemiology, and End Results
(SEER) database.

Materials and methods

Ethics statement

This is a database-based retrospective study, and hence
informed consent and approval by institutional ethics com-
mittee are not required. Data-Use Agreement for the SEER
1973-2014 Research Data File was completed.

Patients

We used SEER*Stat (version 8.3.4) to download data from
the SEER 18 registries research database, which covers
approximately 28% of the US population. The SEER 18
database contains data from the SEER 13 registries (Atlanta,
Connecticut, Detroit, Hawaii, lowa, New Mexico, San
Francisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles,
San Jose-Monterey, rural Georgia, and the Alaska Native
Tumor Registry) and the registries of greater California,
Kentucky, Louisiana, New Jersey, and greater Georgia. We
generated a case listing according to the following criteria:
histologically confirmed breast cancer, invasive ductal cancer
(ICD-0-3 8500), female, age at diagnosis less than 60 years
old, diagnosed between 2003 and 2014, breast cancer as the

first and only malignancy, unilateral, histological grades I-1V,
T1mic-T3, NO-N3, MO0, and received surgical treatment. We
excluded patients whose tumors were not totally removed.
Tumors with invasion of subcutaneous tissue and/or chest
wall were not included in this study (T4). In total, 150,588
patients were eligible, including 6,668 cases of younger than
35 years and 143,920 cases aged between 35 and 60 years.

Variables

The variables included age at diagnosis, race (White, Black,
others, or unknown), laterality (left, right), breast-adjusted
AJCC sixth T (T1, T2, or T3), breast-adjusted AJCC sixth
N (NO1, N1, N2, or N3), breast-adjusted AJCC sixth stage
(I, ITA, 1IB, IIIA, or IIIC), Grade (I, II, III, or IV), ER sta-
tus (positive, negative, borderline, or unknown), PR status
(positive, negative, borderline, or unknown), and HER2 status
(positive, negative, borderline, or unknown). In the multiple
imputation, ER and PR borderline was classified as positive.
Breast cancer-specific survival (BCSS) and overall survival
(OS) were defined as the time from diagnosis to death due
to breast cancer and any cause, respectively.

Statistical analysis

All statistical analyses were performed using R (version
3.2.4, R Project for Statistical Computing, Vienna, Austria)
and SPSS 22 (IBM SPSS Statistics, Chicago, IL, US). The
clinicopathological characteristics of two groups were com-
pared using chi-squared test.

The Kaplan—Meier method was performed to generate
BCSS and OS survival curves, and the log-rank test was
used to compare the BCSS and OS of two groups. Univariate
and multivariate Cox proportional hazard regression models
were utilized to identify independent prognostic factors and
calculate the HR and 95% CI. Propensity score matching
method was performed to diminish the effect of unbalance of
baseline clinicopathological characteristics between these two
groups. In order to reduce bias caused by the missing values,
we used SPSS 22 to perform multiple imputation on the miss-
ing values, which generated five imported datasets. We then
performed Cox proportional hazards models in five imported
datasets and combined the results to produce merged HR.

We carried out subgroup analysis stratified by lymph
node status and ER status. In each subgroup, Kaplan—Meier
method and log-rank test were performed to compare the
BCSS and OS of younger with older groups. Additionally,
univariate and multivariate Cox proportional hazards models
were used to calculate the HR and 95% CI after controlling
for the potential confounder factors.
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In order to explore the reasonable cutoff age to define
“young age”, we treated age as an ordered factor and catego-
rized in each two-year period. Multivariate Cox proportional
hazard model was performed to calculate the HR and 95%
CI of each group compared with the reference group (age
59-60 years). The spline function of R package was used to
line smooth the hazard plots.

All P-values were two-sided, and P<0.05 was considered
as statistically significant.

Results

Patient characteristics

In total, 150,588 patients with early-stage invasive ductal
breast cancer diagnosed from 2003 to 2014 were included in
this study. Among them, 6,668 patients (4.4%) were younger
than 35 years and 143,920 patients (95.6%) were between
35 and 60 years. Demographic and clinicopathological
characteristics of this study are summarized in Table 1. The
distribution of important clinicopathological characteristics
was significantly different between the two groups. Compared
with the older group, the younger group presented with more
aggressive tumor characteristics, including larger tumor size
(T3,10.2% vs 4.5%, P<0.001), more lymph node metastasis
(48.1% vs 35.3%, P<0.001), higher grade (grades III and
IV, 64.9% vs 43.1%, P<0.001), more ER absence (35.2%
vs 22.9%, P<0.001) and PR absence (42.9% vs 31.3%,
P<0.001), and more HER2 overexpression (11.1% vs 7.9%,
P<0.001). In addition, the younger group had a higher
proportion of triple-negative (9.6% vs 5.7%, P<0.001) and
HER2-overexpression (2.9% vs 2.3%, P<0.001) subtypes.

Comparison of survival between the

younger and older groups

Kaplan—Meier analysis was performed to compare the
prognosis between the younger and older groups. As
shown in Figure 1, the younger group had significantly
worse survival compared with the older group, in terms
of BCSS (HR, 1.923, 95% CI, 1.779-2.078, P<0.001) and
OS (HR, 1.684, 95% CI, 1.564—1.812, P<0.001). The five-
year BCSS rates were 89.5% (95% CI, 88.6%-90.3%) in
the younger group and 94.3% (95% CI, 94.1%94.4%) in
the older group. Similarly, OS rates were 88.5% (95% CI,
87.6%—-89.4%) and 93.1% (95% CI, 92.9%-93.2%) in the
two groups, respectively. The 10-year BCSS and OS rates
were 81.2% (95% CI, 79.8%—82.7%) and 79.5% (95% CI,
78.0%-81.0%) in the younger group, and 90.0% (95% CI,
89.8%-90.3%) and 87.4% (95% CI, 87.1%-87.7%) in the
older group, respectively.

Table | Patient characteristics of the study population

Age <35 (%) 35<Age<60 (%) P

N=6,668 (N=143,920)

Race <0.001
White 4,798 720 110,989 77.1

Black 1,034 155 16,621 1.5

Other 787 11.8 15,482 10.8
Unknown 49 0.7 828 0.6

Laterality 0.826
Left 3,380 50.7 72,755 50.6

Right 3,288 493 71,165 49.4

Tumor size <0.001
TI 2,868 43.0 89,891 62.5

T2 3,123 46.8 47,612 33.1

T3 677 102 6,417 4.5

Lymph nodes <0.001
NO 3,464 519 93,168 64.7

NI 2,272 34.1 37,741 26.2

N2 605 9.1 9,144 6.4

N3 327 4.9 3,867 2.7

Stage <0.001
| 1,864 28.0 68,346 47.5

A 2,229 334 41,180 28.6

1B 1,367 20.5 18,834 13.1

A 88l 132 11,693 8.1

e 327 49 3,867 2.7

Grade <0.001
| 331 5.0 25,579 17.8

1l 2,007 30.1 56,273 39.1

1l 4,243 63.6 60,868 423

v 87 1.3 1,200 0.8

ER <0.001
Positive 4,102 61.5 106,576 74.1

Negative 2,346 352 32,925 229
Borderline 15 0.2 235 0.2

Unknown 205 3.1 4,184 2.9

PR <0.001
Positive 3,545 532 93,262 64.8

Negative 2,863 429 45,103 31.3
Borderline 28 0.4 556 0.4

Unknown 232 3.5 4,999 3.5

HER2 <0.001
Positive 742 1.1 11,305 7.9

Negative 2099 31.5 49,319 343
Borderline 55 0.8 1,302 0.9

Unknown 3,772 56.6 81,994 57.0

Subtype <0.001
HER2+/ER— 194 2.9 3,316 23
HER2+/ER+ 546 82 7,973 5.5
HER2—-/ER+ 1,460 21.9 41,035 28.5

Triple negative 639 9.6 8238 57

Other 3,829 574 83,358 579

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor 2.

Univariate and multivariate Cox proportional hazard
regression models were utilized to identify independent prog-
nostic factors and calculate HR in early-stage breast cancer.
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Figure | Kaplan—Meier curves of BCSS and OS based on age for all patients in the younger group (15-35 years) vs older group (35-60 years).

Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival.

In the univariate model, age, race, tumor size, lymph node
status, tumor grade, ER status, PR status, and HER?2 status
were significantly associated with BCSS, as summarized in
Table 2. After controlling the above factors, in the multivariate
model, age, race, tumor size, lymph nodes, grade, ER status,
PR status, and HER2 status remained significantly related to
BCSS. Specially, compared with the older group (between
35 and 60 years), the younger group (between 15 and 35
years) had worse BCSS (HR, 1.200, 95% CI, 1.110-1.297,
P<0.001). As presented in Table 3, some factors including
age, race, tumor size, lymph nodes, tumor grade, ER status,
PR status, and HER2 status were significantly related to
OS in the univariate model. In the multivariate model, ER
borderline status and PR unknown status were no longer
significantly associated with OS, while young age was a
significant worse prognostic predictor for OS (HR, 1.111,
95% CI, 1.032-1.196, P<0.001).

Propensity score matching method was utilized to
give more convincing evidence for the survival differ-
ence between the younger and older groups. As shown in
Table S1, the distribution of important clinicopathological
characteristics of matched patients was not significantly
different between the two groups. Kaplan—Meier analy-
sis was performed to compare the survival between the
younger and older groups. As shown in Figure 2, the
younger group had significantly worse survival compared
with the older group, both in terms of BCSS (HR, 1.196,

95% CI, 1.072-1.335, P=0.001) and OS (HR, 1.119, 95%
CI, 1.009-1.240, P=0.032).

Results of multivariate Cox proportional hazard regres-
sion analysis of multiple imputed datasets were consistent
with those presented in Tables 2 and 3. As presented in Table
S2, the younger patients had inferior BCSS (HR, 1.214,
95% CI, 1.120-1.316, P<0.001) and OS (HR, 1.123, 95%
CI, 1.041-1.211, P=0.003) compared with the older ones.

Subgroup analysis of BCSS and OS

Since lymph node status and ER status are important prog-
nostic factors in breast cancer, and the distribution of these
two factors was significantly different between the younger
and older groups, we conducted subgroup analyses of survival
by stratifying lymph node status and ER status. As shown in
Figures 3 and 4, when stratified by lymph node status, the
younger group had worse BCSS compared with the older
group in NO (P=0.031) and N1 subgroups (P<0.001), and
worse OS in N1 subgroup (P=0.009).

As presented in Figures 5 and 6, in the ER-positive sub-
group, the younger group showed worse BCSS (HR, 1.354,
95% CI, 1.208-1.518, P<0.001) and OS (HR, 1.187, 95%
CI, 1.065-1.323, P=0.002) compared with the older group.
However, in the ER-negative subgroups, there was no sig-
nificant difference in BCSS and OS between the two groups
(HR, 1.085, 95% CI, 0.970-1.214, P=0.152 and HR, 1.044,
95% CI, 0.939-1.161, P=0.427, respectively).
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Table 2 Univariate and multivariate Cox proportional hazard model of BCSS

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% ClI) P-value
Age (years)
35-60 Ref Ref
15-35 1.923 1.779 2.078 <0.001 1.200 I.110 1.297 <0.001
Race
White Ref Ref
Black 2.087 1.981 2.199 <0.001 1.448 1.374 1.527 <0.001
Other 0.887 0.822 0.958 0.002 0.865 0.800 0.934 <0.001
Unknown 0.361 0.214 0.610 <0.001 0.377 0.223 0.636 <0.001
Laterality
Left Ref
Right 0.970 0.931 1.012 0.160
Tumor size
TI Ref Ref
T2 3.758 3.582 3.942 <0.001 2.005 1.906 2.108 <0.001
T3 7.974 7.457 8.526 <0.001 2.994 2.788 3215 <0.001
Lymph nodes
NO Ref Ref
NI 2.643 2512 2.782 <0.001 2.101 1.994 2213 <0.001
N2 5.733 5.392 6.095 <0.001 3.686 3.458 3.928 <0.001
N3 11.516 10.767 12317 <0.001 6.432 5.996 6.900 <0.001
Grade
| Ref Ref
Il 4.584 3.959 5.307 <0.001 2.896 2.499 3.356 <0.001
11l 13.035 11.308 15.026 <0.001 4.669 4.033 5.406 <0.001
v 11.571 9.351 14319 <0.001 4.427 3.568 5.494 <0.001
ER
Positive Ref Ref
Negative 3.075 2.946 3.210 <0.001 1.401 1.313 1.496 <0.001
Borderline 2.276 1.579 3.279 <0.001 1.191 0.816 1.736 0.365
Unknown 1.654 1.490 1.837 <0.001 1.281 0.966 1.700 0.085
PR
Positive Ref Ref
Negative 3.066 2.933 3.205 <0.001 1.579 1.478 1.687 <0.001
Borderline 2.589 2.046 3.275 <0.001 1.832 1.436 2.336 <0.001
Unknown 1.727 1.561 1911 <0.001 1.256 0.959 |.644 0.098
HER2
Positive Ref Ref
Negative 1.426 1.217 1.670 <0.001 2.236 1.909 2.620 <0.001
Borderline 1.356 0911 2.020 0.134 2.034 1.365 3.029 <0.001
Unknown 1.648 1.419 1.915 <0.001 2.156 1.856 2.505 <0.001

Notes: Multivariate analysis includes age, race, tumor size, lymph nodes, grade, ER status, PR status, and HER2 status. The P-values are derived from Wald test.
Abbreviations: BCSS, breast cancer-specific survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

Explore the reasonable cutoff age to in Figure 7, in terms of both BCSS and OS, in patients younger

define “)’O ung age’ ’ than 35 years, HR increased significantly with decreasing age.

To explore a reasonable age to define young age breast
cancer, we grouped patients by age of two years, and then
multivariate Cox proportional hazard regression model was
utilized to compare the prognosis of patients in different
groups with controls.

Line smoothing of HR plots was performed to show the
trend that HR increased when age decreased. As demonstrated

However, in patients aged between 35 and 60 years, HR was
not associated with the change of age.

Discussion

Breast cancer in young patients is thought to be a special
subgroup, and young age is an important factor for person-
alizing the treatment of breast cancer.?® There is no definite
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Table 3 Univariate and multivariate Cox proportional hazard model of OS

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% ClI) P-value
Age (years)
35-60 Ref Ref
15-35 1.684 1.564 1.812 <0.001 .11 1.032 1.196 0.005
Race
White Ref Ref
Black 2.072 1.977 2.171 <0.001 1.510 1.440 1.584 <0.001
Other 0.892 0.832 0.955 0.001 0.873 0.815 0.936 <0.001
Unknown 0.374 0.236 0.594 <0.001 0.388 0.244 0.616 <0.001
Laterality
Left Ref
Right 0.976 0.940 1.014 0.209
Tumor size
TI Ref Ref
T2 3.081 2.956 3.211 <0.001 1.819 1.741 1.901 <0.001
T3 6.217 5.849 6.608 <0.001 2.678 2.509 2.858 <0.001
Lymph nodes
NO Ref Ref
NI 2.255 2.157 2.358 <0.001 1.853 1.770 1.940 <0.001
N2 4.583 4.335 4.844 <0.001 3.118 2.943 3.304 <0.001
N3 8.921 8.383 9.492 <0.001 5.373 5.035 5.734 <0.001
Grade
| Ref Ref
I 2.398 2.182 2.635 <0.001 1.628 1.480 1.791 <0.001
1} 5.818 5.319 6.364 <0.001 2.388 2.172 2.626 <0.001
v 5.270 4.444 6.251 <0.001 2.287 1.923 2.720 <0.001
ER
Positive Ref Ref
Negative 2.653 2.552 2.757 <0.001 1.365 1.286 1.448 <0.001
Borderline 1.988 1.419 2.786 <0.001 1.150 0.812 1.628 0.432
Unknown 1.619 1.478 1.773 <0.001 1.338 1.045 1.713 0.021
PR
Positive Ref Ref
Negative 2.601 2.501 2.705 <0.001 1.462 1.378 1.551 <0.001
Borderline 2.224 1.792 2.760 <0.001 1.670 1.337 2.087 <0.001
Unknown 1.650 1.511 1.801 <0.001 1.177 0.929 1.490 0.177
HER2
Positive Ref Ref
Negative 1.381 1.202 1.588 <0.001 2.025 1.761 2.328 <0.001
Borderline 1.387 0.980 1.962 0.065 1.956 1.382 2.768 <0.001
Unknown 1.553 1.361 1.771 <0.001 1.949 1.708 2.224 <0.001

Notes: Multivariate analysis includes age, race, tumor size, lymph nodes, grade, ER status, PR status, and HER2 status. The P-values are derived from Wald test.
Abbreviations: OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

definition of “young age”. Although age is a continuum and
any cutoff is arbitrary, many studies chose 35%6.1517.18.24-26 o1
40102728 a5 threshold to distinguish young and old age. Han
et al’ suggested that the risk of death in patients younger
than 35 years increased dramatically, whereas patients aged
between 35 and 40 years had similar risk of death in com-
parison with older premenopausal patients. In our study, in
patients younger than 35 years, the risk of death increased
significantly with decreasing age, whereas there was no such

trend in patients aged between 35 and 60 years. In this case, it
is reasonable to define younger than 35 years as “young age”
in this study. Meanwhile, we chose patients aged between 35
and 60 years as the control group, since patients older than
60 years are considered postmenopausal as per the National
Comprehensive Cancer Network (NCCN) guidelines.
Many studies suggest that breast cancer in young patients
is associated with more advanced stage, such as higher T
and N grade. Meanwhile, tumors in young patients always
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Figure 2 Kaplan-Meier curves of BCSS and OS of |:| matched groups based on age for all patients in the younger group (15-35 years) vs older group (35-60 years).

Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival.

present with more aggressive tumor biology, including higher
histological grade, higher proliferation index, more lympho-
vascular invasion, more triple negative, and HER2-enriched
subtypes.*'? The trend of advanced stage may be attributed
to the lack of effective screening in mammography because
of the dense breast tissue in young women. Additionally, the
incidence of breast cancer in young women is relatively low,
and hence clinicians are more inclined to treat the masses
in breasts of young women as benign. The aggressive tumor
biology also causes more lymph nodes involvement in young
patients. Keegan et al'? analyzed 5,606 breast cancer patients
aged between 15 and 39 years, and found that young patients
had higher proportions of ER+/HER2+, triple-negative, and
ER—/HER2+ subtypes. Anders et al'! compared the micro-
array data from 200 cases of young and 211 cases of older
breast cancer patients, and suggested that young patients
illustrated lower ER and PR mRNA expression, and higher
HER2 and EGFR expression. In our study, the results are
consistent with the previous studies that more aggressive
clinicopathological characteristics were observed in younger
breast cancer patients. However, the underlying mechanism
of this phenomenon remains uncertain. Further studies
are needed to elucidate the molecular biologic feature of
breast cancer arising in young women, and new treatment
approaches may be developed.

Currently, whether young breast cancer patients have
worse prognosis in comparison with older patients remains

controversial. Some researchers suggested that there
was no difference in prognosis between young and older
patients.?262-31 Tn some studies, young patients even pre-
sented with better prognosis.’*** However, there are more
evidences that young breast cancer patients have worse
prognosis compared with older ones. Since young breast
cancer patients have more aggressive clinicopathological
characteristics, some researchers suggested that the poor
prognosis of young patients was attributed to these adverse
factors.”!219202234 Anders et al??> compared the microarray
data of 140 young breast cancer (<45 years old) and 252
older breast cancer (=65 years old), and found that there
was greater proportion of aggressive intrinsic subtypes
in the young breast cancer group. However, age alone did
not provide an additional biologic complexity above breast
cancer subtype and grade. In addition, treatment decisions
should be driven by subtype and grade, not by age. How-
ever, a lot of studies reported that young age remained an
independent adverse prognostic factor after controlling the
adverse clinicopathological factors.*¢!1%13-1827 Cancello et
al* suggested that after controlling the multiple factors,
including tumor diameter, nodal involvement, ER and PR
expression, Ki-67 labeling index, HER2 overexpression,
vascular invasion, grade, histotype, and molecular subtypes,
breast cancer patients younger than 35 years old (315 cases,
11%) presented a significantly increased risk of recurrence
and death (HR=1.65, 95% CI=1.3-2.1 and HR=1.78, 95%
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Figure 3 Subgroup analyses of BCSS based on lymph node status (NO, NI, N2, N3). The HR was calculated by multivariate Cox proportional hazard model adjusted for age,

race, tumor size, grade, ER status, PR status, and HER2 status (Wald test).

Abbreviations: BCSS, breast cancer-specific survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

CI=1.12-2.85, respectively) compared with older patients
(2,655 cases, 89%). These conflicting results may be due
to the following factors: 1) the inconsistent definition of
“young age” and different control groups; 2) the small
number of patients involved; 3) different therapy strategies;
4) lack of HER?2 status, which is an important prognostic

factor; and 5) heterogeneity of patients in terms of races.
In this study, we conducted a population-based analysis
that included 6,668 cases of breast cancer patients younger
than 35 years and 143,920 patients aged between 35 and 60
from the SEER 18 database. This large cohort represented
a large proportion of the population in the US and could
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Figure 4 Subgroup analyses of OS based on lymph node status (NO, NI, N2, N3). The HR was calculated by multivariate Cox proportional hazard model adjusted for age,
race, tumor size, grade, ER status, PR status, and HER2 status (Wald test).
Abbreviations: OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

provide more comprehensive results for the real-world situ-  younger than 60 years as the control group, the difference
ation. Furthermore, all patients were diagnosed with breast  of comorbidity which could influence therapy strategies
cancer in the latest 12 years, which reflected the results of  between these two groups was not significant, and accord-
state-of-the-art therapy strategies, and HER2 status was ing to the NCCN guidelines, the patients of both groups
recorded in many cases. Additionally, we included patients ~ were premenopausal. We carried out the Kaplan—Meier
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Figure 5 Subgroup analyses of BCSS and OS based on ER status (positive). The HR was calculated by multivariate Cox proportional hazard model adjusted for age, race,

tumor size, lymph nodes, grade, PR status, and HER2 status (Wald test).

Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor

receptor 2.

Figure 6 Subgroup analyses of BCSS and OS based on ER status (negative). The HR was calculated by multivariate Cox proportional hazard model adjusted for age, race,

tumor size, lymph nodes, grade, PR status, and HER2 status (Wald test).

Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor

receptor 2.

analysis and found that compared with the older ones, the
young patients presented with inferior prognosis in terms
of both BCSS and OS. Additionally, after controlling the
potential confounders, including tumor size, lymph node

status, tumor grade, ER/PR, and HER2 status, young age
remained an independent adverse prognostic factor in terms
of both BCSS and OS. However, the underlying mechanism
remains unclear, and further studies are needed to uncover
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Figure 7 Cubic spline curve of the relationship between age and HR (BCSS and OS). Age was treated as a dummy variable categorized in two-year strata. Cox proportional
hazard model (Wald test) was utilized to calculate the HR of each age group compared with the group (258 and <60) (reference).

the underlying key pathways and molecules, based on which
new prognostic molecular biomarkers and therapy strate-
gies may be developed. Additionally, since young age is an
independent adverse prognostic factor, young breast cancer
patients may receive more intensive treatment.

In the subgroups defined by different clinicopathologi-
cal factors, young age may influence prognosis in different
ways. Some studies revealed that young age could influence
prognosis negatively in lymph node negative breast cancer,*%
while others reported that young age was not related to
prognosis.'>!” In the present study, subgroup analysis was
performed based on lymph node status, and patients younger
than 35 years presented with inferior prognosis in NO (BCSS)
and N1 (both BCSS and OS) subgroups. The inconsistency
of these studies may be attributed to the different definition
of young age, different criteria of molecular subtype, and
ethnic disparity. When stratified by ER status, the impact
of young age on prognosis was different. Some studies®!’
suggested that in the ER-positive group, young patients
presented with poorer prognosis than the older ones, while
in the ER-negative group, there was no significant difference
in prognosis between these two groups. On the other hand,
Cancello et al* reported that the young patients presented
with inferior prognosis in the luminal B, HER2-enriched,
and triple-negative subtypes compared with the older ones.
In the present study, young patients were significantly related
to increased risk of BCSS and OS only in the ER-positive
subgroup, and there was no survival difference in the ER-
negative subgroups. The underlying mechanism may be that
young patients always present with higher level of estrogen,
which can stimulate the growth of ER-positive tumors. This
implies that young patients may need more intensive endo-
crine therapy.

Our study has some limitations. Firstly, the treatment
information, which is important for determining the progno-
sis, is not available in the public-accessed SEER database. In
our study, we included patients aged from 35 to 60 years as
the control group; there may be few differences in adjuvant
therapies between these two groups.?’ Secondly, the HER2
status was not available until 2010; this value was defined as
unknown in the data before 2010. Lastly, since some important
clinicopathological factors such as comorbidities, Ki-67, lym-
phovascular invasion, receipt of chemotherapy, and endocrine
therapy were not available, this study may have unknown bias.

In conclusion, the young patients with operable breast cancer
presented with more aggressive clinicopathological factors than
the older patients. Furthermore, young age was an independent
adverse prognostic factor in operable breast cancer. In the clinical
practice, young patients may need more intensive treatment. Fur-
ther research is required to elucidate the underlying mechanism
and to find new biomarkers and therapy strategies.
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Supplementary materials

Table S| Baseline characteristics of the younger and older patients in a |:|1 matched group

Age<35 (%) 35<Age<60 (%) P
N=6668 N=6668
Race 0.664
White 4798 72.0 4815 72.2
Black 1034 15.5 1019 15.3
Other 787 11.8 796 1.9
Unknown 49 0.7 38 0.6
Tumor size 0.972
TI 2868 43.0 2880 43.2
T2 3123 46.8 3117 46.7
T3 677 10.2 671 10.1
Lymph nodes 0.994
NO 3464 51.9 3459 51.9
NI 2272 34.1 2270 34.0
N2 605 9.1 605 9.1
N3 327 49 334 5.0
Grade 0.958
| 331 5.0 327 49
1] 2007 30.1 1991 29.9
1} 4243 63.6 4268 64.0
v 87 1.3 82 1.2
ER 0.609
Positive 4102 61.5 4112 61.7
Negative 2346 35.2 2353 353
Borderline 15 0.2 9 0.1
Unknown 205 3.1 194 2.9
PR 0.135
Positive 3545 53.2 3539 53.1
Negative 2863 429 2900 43.5
Borderline 28 0.4 14 0.2
Unknown 232 35 215 32
HER2 0.855
Positive 742 1.1 725 10.9
Negative 2099 31.5 2120 31.8
Borderline 55 0.8 48 0.7
Unknown 3772 56.6 3775 56.6
Diagnosis year 1.000
2003 522 7.8 522 7.8
2004 528 7.9 534 8.0
2005 505 7.6 505 7.6
2006 539 8.1 538 8.1
2007 541 8.1 542 8.1
2008 549 8.2 550 8.2
2009 535 8.0 535 8.0
2010 560 8.4 564 85
2011 590 8.8 586 8.8
2012 621 9.3 620 9.3
2013 574 8.6 569 85
2014 604 9.1 603 9.0

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.
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Table S2 Imputed multivariate Cox proportional hazard model of BCSS and OS

Variables BCSS oS
HR (95% CI) P-value HR (95% CI) P-value

Age (years)

35-60 Ref ref

15-35 1.214 1.120 1.316 <0.001 1.123 1.041 1.211 0.003
Race

White Ref Ref

Black 1.423 1.346 1.505 <0.001 1.489 1.417 1.564 <0.001

Other 0.884 0.8l16 0.959 0.003 0.890 0.829 0.955 0.001
Tumor size

TI Ref ref

T2 1.985 1.886 2.090 <0.001 1.803 1.724 1.886 <0.001

T3 2.987 2776 3214 <0.001 2.672 2.499 2.856 <0.001
Lymph nodes

NO Ref ref

NI 2.107 1.998 2222 <0.001 1.858 1.773 1.947 <0.001

N2 3.744 3.509 3.996 <0.001 3.159 2.978 3.351 <0.001

N3 6.620 6.134 7.145 <0.001 5.504 5.128 5.907 <0.001
Grade

| Ref ref

Il 3.045 2.630 3.535 <0.001 1.704 1.549 1.876 <0.001

LI} 5.147 4.439 5.969 <0.001 2.606 2.366 2.871 <0.001

v 5.004 4.026 6.219 <0.001 2.552 2.141 3.042 <0.001
ER

Positive Ref ref

Negative 1.367 1.273 1.468 <0.001 1.335 1.247 1.429 <0.001

Borderline .16 0.778 1.601 0.543 1.094 0.769 1.555 0.606
PR

Positive Ref ref

Negative 1.666 1.556 1.783 <0.001 1.529 1.434 1.631 <0.001

Borderline 1.877 1.441 2.446 <0.001 1.727 1.363 2.189 <0.001
HER2

Positive Ref ref

Negative 2.228 1.924 2.581 <0.001 1.997 1.825 2.185 <0.001

Borderline 1.845 1.468 2319 <0.001 1.867 1.565 2.226 <0.001

Notes: Multivariate analysis includes age, race, tumor size, lymph nodes, grade, ER status, PR status, and HER2 status. The P-values are derived from Wald test.
Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2.
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