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ABSTRACT

Background. Arapid surgeof young-femalebreast cancer (YFBC)
has been observed in Taiwan and other East Asian countries.We
recently reported that these cases of YFBC, in contrast to their
Westerncounterparts,arepredominantly luminalAsubtype.YFBC
inAsiamayhavedistinctclinicopathologicalfeaturesandoutcomes.
Methods. Data collected prospectively by participating hospi-
talswere retrieved fromtheTaiwanCancerDatabase.Atotalof
15,881 women with newly diagnosed stage I–III breast cancer
in 2002–2006 were included. The age at diagnosis was cat-
egorized into nine 5-year groups (from ,30 years to $65
years). Clinicopathological variables and patient disease-free
survival (DFS) were compared by age group.
Results. The rates of stage I, estrogen receptor-positive (ER1),
and progesterone receptor-positive breast cancerwere higher

in the younger patients (,50 years) than in the older patients
($50 years). Univariate analysis showed that the 40–44 and
45–49 age groups were significantly associated with longer
DFS than the other age groups. In the ER1 subgroup, multi-
variate analysis consistently showed that the 40–44 age group
was significantly associatedwith longerDFS than theotherage
groups except for the 45–49 age group. In contrast, multi-
variate analysis of the ER-negative subgroup revealed no sig-
nificant difference of DFS between the 40–44 age group and
other age groups.
Conclusion. Emerging YFBC in Taiwan is uniquely associated
with favorable pathological features and better outcomes and
should not be regarded as the mirror image of its Western
counterpart. The Oncologist 2014;19:583–591

Implications for Practice: The emerging YFBCs in Taiwan are predominantly estrogen receptor-positive (ER1) and young patients
(aged40–49 years)with ER1breast cancer areuniquely associatedwithbetteroutcome.The findings imply that estrogen–related
environmental changes play an important role in the carcinogenesis of YFBC in Taiwan and other East Asian countries. For
clinical practice, our study suggests that clinicians may need to perform an adjustment when using Adjuvant! Online (www.
adjuvantonline.com) to evaluate the relapse and mortality risks for young patients with ER1 breast cancer in East Asia.

INTRODUCTION

The incidenceof invasive femalebreastcancerhasbeenrapidly
increasing in East Asian countries, including Singapore, Korea,
Japan, and Taiwan [1–4]. Previous age-cohort analyses have
revealed a much stronger birth-cohort effect on the incidence
ofbreastcancer forSingaporean[1], Japanese[3],andTaiwanese
[4] women compared with white American women, and this
stronger birth-cohorteffect correlateddirectlywithadramatic
increase in the incidenceof young-femalebreast cancer (YFBC)
in these countries. Environmental changes are likely to have

a substantial impacton this increased incidence, and themajor
environmental differences between the younger and older
generations in these countries seems to be the increasing
westernization of their lifestyles. Consequently, a westernized
lifestyle is thought to be the major reason behind this trend
andmight be considered to suggest that emerging YFBC in East
Asia mirrors the situation in Western countries [5].

InWestern countries, breast cancer inyoungwomen is char-
acterized by higher frequencies of estrogen receptor-negative
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(ER–), high-grade, and basal subtype and is associated with a
poor prognosis [6–8]. However, our previous single-center
study showed that young (aged ,50 years) breast cancer
patients inTaiwanarecharacterizedbyahighprevalenceof the
luminal A subtype (defined asestrogen receptor-positive [ER1]
and/or progesterone receptor-positive [PR1]/human epider-
mal growth factor receptor type 2 [HER2] negative) and a low
prevalence of the basal-like subtype [9].This suggests that YFBC
in Taiwan and other East Asian countries may be a new disease
entity.We used a nationwide registry database to validate the
unique clinicopathological features of YFBC in Taiwan and
investigated patient outcomes.

PATIENTS AND METHODS

Sources of Data
We obtained clinicopathological data and relapse and/or sur-
vival data of cases of newly diagnosed female breast cancer
from computerized national Taiwanese population registries,
including theTaiwanCancerDatabase (TCDB) and theNational
DeathCertificationSystem, foranalysis.TheTCDBwas initiated
in 2002 by the Bureau of Health Promotion, Department of
Health,Taiwan.The original data were prospectively collected
by a breast cancer treatment committee at each of the 32
participating hospitals, covering 71.7% of all cases of invasive
breast cancer in Taiwan between 2002 and 2006.

Disease status was followed up in all of the newly
diagnosed breast cancer patients by means of computerized
data linkage with national health profiles on the national
cancer registry and death certification systems in Taiwan from
January 2002 through December 2011. The study data were
approved for release by the data release review board of the
Bureau of Health Promotion, and the study protocol was
approved by the research ethics committee of the College of
Public Health, National Taiwan University.

Selection of the Study Subjects
The TCDB database included 18,857 newly diagnosed patients
from2002 to 2006with stage I, II, or III breast cancer according
to the criteria of the American Joint Committee on Cancer

(AJCC). We excluded 482 patients who were diagnosed with
other cancers 2.5 years before or after the diagnosis of breast
cancer, 1,609patientswhodidnot undergo curative surgeryor
who lacked information on the type of surgery, 146 patients
who lacked information on tumor size or number of positive
axillary lymph nodes, and 739 patients whowere never free of
disease or who hadmissing dateswith regard to recurrence. A
total of 15,881 patients were eligible for analysis for the
association of agewith clinicopathological features.To analyze
patient outcomes, we further excluded 302 patients whose
ER status was unknown. Finally, a total of 15,579 patients,
including 10,107 with ER1 breast cancers and 5,472 with ER–
breast cancers were included for analysis (Fig. 1).

OutcomeMeasurements and Variable Definitions
The outcome endpoint of this study was disease-free survival
(DFS), which was defined as the duration from diagnosis to
confirmation of locoregional or distant disease recurrence,
contralateral newprimary breast cancer, or date of death from
breast cancer. The main factors of interest were age at
diagnosis and ER status. The other controlled variables
included in the model were AJCC stage, tumor size, lymph
nodes, histological grade, PR, neoadjuvant and/or adjuvant
chemotherapy, and hormonal therapy.

Statistical Analysis
The age at diagnosis was categorized into nine 5-year groups
(from,30 years to$65 years). For further comparisons, we
recategorized the age groups into four 10-year groups (#39,
40–49, 50–59, and $60 years). Data on clinicopathological
features among the age groups were compared by the chi-
square test.The “linear-by-linear” association testwas used to
analyze the association of age groups with AJCC stage and
histological grade. In survival analysis, the cumulative hazard
by follow-up year was derived by the Kaplan-Meier method
and compared by the log-rank test. Cox proportional hazard
regression models were used to estimate the multivariate-
adjusted hazard ratios (HRs) with 95% confidence intervals
(CIs) for the risk predictors of progression to the clinical
outcomes of interest. Statistical significance levels were

Figure 1. Process of selecting the study subjects.
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determined by two-tailed tests (p , .05). All analyses were
performed using the SAS statistical software package (version
9.2; SAS Institute, Cary, NC, http://www.sas.com).

RESULTS

Clinicopathological Characteristics by Age Groups
The demographic and clinical characteristics of the study
population are shown in Table 1.Themedian age of the 15,881
patients was 49.4 years (range: 14.7–101.7 years), of whom
14.2% were aged#39 years and 50.4% were aged$49 years.
Disease stages included 32.8% stage I disease, 47.1% stage II
disease, and 20.1% stage III disease by AJCC staging.
Histological grades included 15.5% grade 1, 50.4% grade 2,
and 34.1% grade 3. Overall, 64.9% of the tumors were ER1
and 58.1% PR1. The clinicopathological features among the

nine 5-year age groups are shown in Table 1.The comparisons
of clinicopathological features among the four 10-year age
groups (#39, 40–49, 50–59, and $60 years) are shown in
Table 2. Compared with the patients aged $50 years, the
younger patients (,50 years) were significantly associated
withhigher frequenciesofAJCC stage I (35%vs. 31%,p, .001),
ER positivity (69% vs. 61%, p , .001), PR positivity (65% vs.
51%,p, .001), and ER1/PR1disease (59%vs. 46%, p, .001)
but not histological grade. Compared with the tumors in the
patients aged #39 years, the tumors in the patients aged
40–49 years were associated with a higher frequency of
histologic grade 1 and PR1 but not with AJCC stage or ER
expression. Compared with the tumors in the patients aged
50–59 years, the tumors in the patients aged$60 years were
significantly associated with a higher frequency of AJCC
stage II/III, grade 1, ER positivity, and PR positivity (Table 2).

Table 1. Clinicopathological characteristics of the breast cancer patients by age group at ascertainment

Characteristic
All patients,
n (%)

Age, years, n (%)

<30 30–34 35–39 40–44 45–49 50–54 55–59 60–64 >65

No. of patients 15,881 249 582 1,418 2,548 3,205 2,668 1,845 1,276 2,090

Tumor size (cm)

#2.0 7,630 (48) 126 (51) 296 (51) 724 (51) 1,302 (51) 1,607 (50) 1,250 (47) 867 (47) 578 (45) 880 (42)

2.1–5.0 7,124 (45) 100 (40) 254 (44) 577 (41) 1,067 (42) 1,376 (43) 1,210 (45) 872 (47) 613 (48) 1,055 (50)

.5.0 1,127 (7) 23 (9) 32 (5) 117 (8) 179 (7) 222 (7) 208 (8) 106 (6) 85 (7) 155 (7)

Lymph node

0 9,258 (58) 159 (64) 344 (59) 833 (59) 1,469 (58) 1,923 (60) 1,526 (57) 1,041 (56) 727 (57) 1,236 (59)

1–3 3,622 (23) 53 (21) 130 (22) 331 (23) 600 (24) 740 (23) 622 (23) 420 (23) 280 (22) 446 (21)

4–9 1,715 (11) 26 (10) 59 (10) 147 (10) 274 (11) 311 (10) 292 (11) 222 (12) 160 (13) 224 (11)

.9 1,286 (8) 11 (4) 49 (8) 107 (8) 205 (8) 231 (7) 228 (9) 162 (9) 109 (9) 184 (9)

AJCC stage

I 5,206 (33) 88 (35) 202 (35) 491 (35) 878 (34) 1,121 (35) 852 (32) 582 (32) 399 (31) 593 (28)

II 7,477 (47) 119 (48) 275 (47) 648 (46) 1,166 (46) 1,510 (47) 1,279 (48) 848 (46) 593 (46) 1,039 (50)

III 3,198 (20) 42 (17) 105 (18) 279 (20) 504 (20) 574 (18) 537 (20) 415 (22) 284 (22) 458 (22)

Tumor grade

1 2,184 (15) 27 (13) 74 (14) 164 (13) 356 (16) 506 (18) 339 (14) 217 (13) 170 (15) 331 (18)

2 7,115 (50) 97 (46) 255 (49) 672 (53) 1,121 (50) 1,415 (50) 1,210 (51) 804 (49) 578 (51) 963 (52)

3 4,821 (34) 87 (41) 189 (36) 436 (34) 763 (34) 924 (32) 844 (35) 635 (38) 386 (34) 557 (30)

Undefined 1,761 38 64 146 308 360 275 189 142 239

ER

Positive 10,107 (65) 151 (65) 388 (68) 946 (68) 1,733 (69) 2,173 (69) 1,553 (59) 1,038 (57) 766 (61) 1,359 (66)

Negative 5,472 (35) 83 (35) 183 (32) 442 (32) 764 (31) 984 (31) 1,063 (41) 778 (43) 486 (39) 689 (34)

Undefined 302 15 11 30 51 48 52 29 24 42

PR

Positive 9,043 (58) 134 (57) 331 (58) 884 (64) 1,665 (67) 2,069 (66) 1,361 (52) 846 (47) 621 (50) 1,132 (55)

Negative 6,526 (42) 100 (43) 240 (42) 503 (36) 828 (33) 1085 (34) 1,255 (48) 969 (53) 630 (50) 916 (45)

Undefined 312 15 11 31 55 51 52 30 25 42

Chemotherapya

Yes 9,199 (58) 149 (60) 376 (65) 905 (64) 1,627 (64) 1,989 (62) 1,615 (61) 1,110 (60) 696 (55) 732 (35)

No 6,682 (42) 100 (40) 206 (35) 513 (36) 921 (36) 1,216 (38) 1,053 (39) 735 (40) 580 (45) 1,358 (65)

Hormonal therapya

Yes 10,035 (63) 122 (49) 334 (57) 899 (63) 1,672 (66) 2,146 (67) 1,599 (60) 1,050 (57) 804 (63) 1,409 (67)

No 5,846 (37) 127 (51) 248 (43) 519 (37) 876 (34) 1,059 (33) 1,069 (40) 795 (43) 472 (37) 681 (33)
aTreatments for neoadjuvant and/or adjuvant setting.
Abbreviations: AJCC, American Joint Committee on Cancer; ER, estrogen receptor; PR, progesterone receptor.
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Interestingly, histological grade 1 tumors were more common
in the patients aged 40–49 years and$60 years and grade III
tumors were more common in the patients aged #39 years
and 50–59 years.

Analysis of Disease-Free Survival in the Whole
Study Population
In univariate analysis of the whole population, larger tumor
size, more positive axillary lymph nodes, and higher histolog-
ical grade were significantly associated with shorter DFS. ER
positivity, PR positivity, and the use of hormonal therapywere
significantly associated with prolonged DFS. From the DFS
curvesof thewholepopulationbythenineagegroups (Fig.2A),
thepatientsaged40–44yearsand45–49yearsseemedtohave
amore favorableDFS thantheotheragegroups.Consequently,
we used the 40–44 age group as the reference control.
Compared with the patients aged 40–44 years, univariate
analysis showed that the patients aged #29, 30–34, 35–39,
50–54, 55–59, 60–64, and $65 years (crude HR, range:
1.17–1.54) were significantly associated with shorter DFS;
however, the patients aged 45–59 years (crude HR: 0.94) did
not have significantly different DFS (Table 3).

Multivariate analysis of the whole population showed
that larger tumor size, more axillary lymph node involve-
ment, higher histological grade, and ER negativity remained

independent factors to predict unfavorable DFS. Compared
with the patients aged 40–44 years, the patients aged #29,
30–34, 35–39, 60–64, and $65 years (adjusted HR, range:
1.24–1.69) were significantly associated with shorter DFS;
however, therewere no significant differences inDFS between
thepatients aged45–59years (adjustedHR: 0.98), 50–54years
(adjusted HR: 1.08), and 55–59 years (adjusted HR: 1.13)
(Table 3).

Among the four 10-year age groups, compared with the
patients aged 40–49 years, the patients aged #39, 50–59,
and $60 years were significantly associated with shorter
DFS in both univariate analysis (crude HR, range: 1.25–1.38)
and multivariate analysis (adjusted HR, range: 1.11–1.36)
(supplemental online Table 1; Fig. 2D).

Stratified Analysis of Disease-Free Survival by Estrogen
Receptor Status
In the ER1 subgroup, comparedwith the patients aged 40–44
years, univariate analysis showed that the patients aged#29,
30–34, 35–39, 50–54, 55–59, 60–64, and$65 years (crudeHR,
range: 1.28–1.90) were significantly associated with shorter
DFS; however, the patients aged 45–59 years did not have
significantly different DFS (supplemental online Table 2,
Fig. 2B). Multivariate analysis consistently showed that the
patients aged#29, 30–34, 35–39, 50–54, 55–59, 60–64, and

Table 2. Comparison of clinicopathological features among the age groups

Characteristic Total

Age, years, n (%)

p

Age, years, n (%)

p

Age, years, n (%)

p£39 40–49 50–59 ‡60 <50 ‡50

Case number 15,881 2,249 5,753 4,513 3,366 8,002 7,879

AJCC stage .899 .046 ,.001

I 5,206 781 (35) 1,999 (35) 1,434 (32) 992 (29) 2,780 (35) 2,426 (31)

II 7,477 1,042 (46) 2,676 (47) 2,127 (47) 1,632 (48) 3,718 (47) 3,759 (48)

III 3,198 426 (19) 1,078 (19) 952 (21) 742 (22) 1,504 (19) 1,694 (22)

Histologic grade .001

1 2,184 265 (13) 862 (17) 556 (14) 501 (17) ,.001 1,127 (16) 1,057 (15) .339

2 7,115 1,024 (51) 2,536 (50) 2,014 (50) 1,541 (52) 3,560 (50) 3,555 (51)

3 4,821 712 (36) 1,687 (33) 1,479 (37) 943 (32) 2,399 (34) 2,422 (34)

Undefined 1,761 248 668 464 381 916 845

ER status .241

Positive 10,107 1,485 (68) 3,906 (69) 2,591 (59) 2,125 (64) ,.001 5,391 (69) 4,716 (61) ,.001

Negative 5,472 708 (32) 1,748 (31) 1,841 (41) 1,175 (36) 2,456 (31) 3,016 (39)

Undefined 302 56 99 81 66 155 147

PR status ,.001

Positive 9,043 1,349 (62) 3,734 (66) 2,207 (50) 1,753 (53) .004 5,083 (65) 3,960 (51) ,.001

Negative 6,526 843 (38) 1,913 (34) 2,224 (50) 1,546 (47) 2,756 (35) 3,770 (49)

Undefined 312 57 106 82 67 163 149

Combined ER/PR
status

ER1/PR1 8,153 1,231 (56) 3,374 (60) ,.001 1,940 (44) 1,608 (49) ,.001 4,605 (59) 3,548 (46) ,.001

ER1/PR2 1,943 253 (12) 526 (9) 649 (15) 515 (16) 779 (10) 1,164 (15)

ER2/PR1 888 118 (5) 359 (6) 266 (6) 145 (4) 477 (6) 411 (5)

ER2/PR2 4,580 590 (27) 1,387 (25) 1,574 (36) 1,029 (31) 1,977 (25) 2,603 (34)

Undefined 317 57 107 84 69 164 153

Abbreviations: AJCC, American Joint Committee on Cancer; ER, estrogen receptor; PR, progesterone receptor.
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$65 years (adjusted HR, range: 1.23–2.04) were significantly
associated with shorter DFS and that the patients aged 45–59
years did not have significantly different DFS (Table 3).

In the ER– subgroup, compared with the patients aged
40–44 years, univariate analysis showed that only the patients
aged $65 years (crude HR: 1.32; p 5 .006) were signifi-
cantly associated with shorter DFS and that the patients in
the other age groups did not have significantly different DFS
(supplemental online Table 2; Fig. 2C). Multivariate analysis
consistently showed that only the patients aged $65 years
(adjusted HR: 1.22; p 5 .052) had a trend toward DFS and
that the patients in the other age groups did not have a
significantly different DFS compared with the patients aged
40–44 years (Table 3).

Among the four 10-year age groups in the ER1 subgroup,
compared with the patients aged 40–49 years, the patients
aged#39, 50–59, and$60 yearswere significantly associated
with shorter DFS in both univariate analysis (crude HR, range:
1.30–1.49) and multivariate analysis (adjusted HR, range:
1.22–1.50) (supplemental online Table 2; Fig. 2E). In the ER–
subgroup, compared with the patients aged 40–49 years, only
the patients aged $60 years (crude HR: 1.33) in univariate
analysis and the patients aged#39 years (adjusted HR: 1.21)
and $60 years (adjusted HR: 1.23) in multivariate analysis

were significantly associated with shorter DFS (supplemental
online Table 2; Fig. 2F).

DISCUSSION

The unique association of YFBC in Taiwan with favorable
pathological features and outcomes provides strong evidence
that this population involves an emerging, distinct disease
entity and should not be regarded as just a mirror image of its
Western counterpart. The high hormonal receptor expression
and the particularly favorable prognosis in the ER1 subgroup
strongly imply that environmental changes related to endog-
enous estrogen synthesis or xenoestrogenexposure inwomen
with certain genetic traits may contribute to YFBC carcinogen-
esis in Taiwan and in some other East Asian counties.

The higher frequencies of stage I, ER1, PR1, and ER1/
PR1 tumors found in patients aged,50 years comparedwith
patients$50 years have not been reported in other countries
andare in contrast toprevious reports fromWestern countries
[10–12]. Data from the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results (SEER) study in the U.S.,
for example, showed that the rates of ER and PR positivity
increased with age among non-Hispanic whites [12]. Another
recent study from the U.S. showed that tumors in young (age
#45 years) breast cancer patients had significantly lower

Figure2. DFScurves:wholepopulation (A); patientswithER-positive tumors (B)andER-negative tumors (C)by thenineagegroupsand in
the whole population (D); patients with ER-positive tumors (E) and ER-negative tumors (F) by the four age groups (unadjusted analysis).

Abbreviation: DFS, disease-free survival.
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expressionsof ERandPRmRNAandmorehigh-gradehistology
than did tumors from older patients (aged $65 years) [7]. In
our study, the tumors in patients aged 40–44 and 45–49 years
had the highest frequencies of ER and PR positivity among the
nine age groups examined and a high percentage of grade 1
histology. Even among very young patients, our study showed
that patients aged ,35 years had significantly higher
frequencies of tumor size #2 cm (51% vs. 45%, p 5 .003),
AJCC stage I disease (35% vs. 31%, p5 .02), ER positivity (67%

vs. 61%, p, .001), and PR positivity (58% vs. 51%, p, .001)
and a marginally higher frequency of negative lymph nodes
(61% vs. 57%, p5 .09) (Table 1).These findings contrast with
those of previous reports, which consistently describe breast
tumors among younger women aged ,30 or ,35 years as
exhibiting more aggressive features, including larger tumor
sizes, positive lymph nodes, higher frequencies of poorly
differentiated tumors, and the absence of hormone recep-
tors [10, 11].

Table 3. Analysis of disease-free survival of the whole population

Characteristic

Whole population

Crude HR 95% CI p value Adjusted HR 95% CI p value

Age at diagnosis
(years)

40–44 1 1

#29 1.54 1.16–2.06 .003 1.69 1.27–2.25 ,.001

30–34 1.41 1.14–1.73 .001 1.46 1.18–1.79 ,.001

35–39 1.23 1.05–1.44 .012 1.24 1.06–1.46 .008

45–49 0.94 0.82–1.07 .333 0.98 0.86–1.13 .821

50–54 1.17 1.02–1.34 .024 1.08 0.94–1.24 .286

55–59 1.26 1.09–1.46 .002 1.13 0.97–1.31 .116

60–64 1.34 1.14–1.57 .000 1.25 1.07–1.47 .006

$65 1.33 1.16–1.53 ,.001 1.29 1.12–1.49 ,.001

Tumor size (cm)

#2.0 1 1

2.1–5.0 2.01 1.85–2.19 ,.001 1.38 1.26–1.51 ,.001

.5.0 4.73 4.21–5.31 ,.001 2.18 1.92–2.47 ,.001

Positive axillary
nodes (no.)

0 1 1

1–3 1.86 1.67–2.06 ,.001 1.83 1.65–2.04 ,.001

4–9 3.96 3.56–4.41 ,.001 3.53 3.16–3.95 ,.001

.9 7.64 6.90–8.45 ,.001 6.03 5.40–6.73 ,.001

ER

Negative 1 1

Positive 0.53 0.50–0.58 ,.001 0.60 0.53–0.67 ,.001

PR

Negative 1 1

Positive 0.60 0.56–0.65 ,.001 0.94 0.85–1.04 .251

Undefined 0.94 0.30–2.91 .912 1.26 0.41–3.92 .689

Tumor grade

1 1 1

2 2.42 2.05–2.85 ,.001 1.70 1.44–2.00 ,.001

3 3.60 3.06–4.25 ,.001 1.94 1.64–2.31 ,.001

Undefined 1.76 1.44–2.16 ,.001 1.42 1.16–1.74 ,.001

Chemotherapya

No 1 1

Yes 1.04 0.97–1.13 .280 0.79 0.73–0.86 ,.001

Hormone therapya

No 1 1

Yes 0.61 0.56–0.65 ,.001 0.93 0.85–1.03 .187
aTreatments for neoadjuvant and/or adjuvant setting.
Abbreviations: CI, confidence interval; ER, estrogen receptor; HR, hazard ratio; NA, not available; PR, progesterone receptor.
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In terms of patient outcomes, the relapse risk among
patients aged 40–49 years has not been reported to differ
significantly fromthat in patients aged50–59 years inWestern
countries [13–16].However, in thecurrentstudy,patientsaged
40–44 and45–49 years had significantlymore favorableDFS in
univariate analysis compared with patients in the other age
groups. Although the difference compared with patients aged
50–54and55–59yearsbecame insignificantafteradjusting for
other clinicopathological and treatment factors (Table 3),
the multivariate stratified analysis of the ER1 subgroup
consistently showedthatpatients aged40–44and45–49years
had significantly more favorable DFS compared with patients

in the other age groups. The difference in the ER– subgroup
between patients aged 40–44 years and patients in the other
agegroupswasnot significant inmultivariate analysis (Table 4,
supplemental online Table 2). Because the emerging cases of
YFBC inTaiwanarepredominantlyER1, theuniqueassociation
of favorable outcomes in patients aged 40–49 years with ER1
breast cancer provides further evidence that this emerging
population may have a biology distinct from their Western
counterparts.

The limitations of the present study include the lack of
HER2 status and the relatively short follow-up duration.
Although a prior study showed marginally higher HER2

Table 4. Stratified analysis of disease-free survival by estrogen receptor status

Characteristic

ER positive ER negative

Crude
HR 95% CI p value

Adjusted
HR 95% CI p value

Crude
HR 95% CI p value

Adjusted
HR 95% CI p value

Age at diagnosis (years)

40–44 1 1 1 1

#29 1.90 1.31–2.76 .001 2.04 1.41–2.97 ,.001 1.12 0.72–1.77 .614 1.33 0.84–2.09 .220

30–34 1.60 1.22–2.11 .001 1.61 1.23–2.12 .001 1.16 0.84–1.60 .362 1.30 0.94–1.79 .116

35–39 1.35 1.09–1.68 .006 1.39 1.13–1.73 .002 1.06 0.83–1.35 .635 1.11 0.87–1.42 .386

45–49 0.98 0.81–1.18 .829 1.02 0.85–1.23 .818 0.88 0.72–1.08 .214 0.96 0.78–1.17 .659

50–54 1.28 1.06–1.55 .011 1.23 1.02–1.49 .032 0.93 0.77–1.13 .483 0.93 0.76–1.13 .440

55–59 1.30 1.05–1.60 .016 1.25 1.01–1.55 .039 1.04 0.85–1.28 .681 1.02 0.83–1.26 .833

60–64 1.45 1.16–1.81 .001 1.36 1.09–1.70 .007 1.12 0.89–1.40 .344 1.16 0.92–1.46 .204

$65 1.28 1.06–1.56 .012 1.40 1.14–1.70 ,.001 1.32 1.08–1.62 .006 1.22 1.00–1.50 .052

Tumor size (cm)

#2.0 1 1 1 1

2.1–5.0 2.10 1.87–2.37 ,.001 1.47 1.30–1.66 ,.001 1.77 1.56–2.01 ,.001 1.32 1.15–1.50 ,.001

.5.0 5.12 4.35–6.01 ,.001 2.44 2.04–2.90 ,.001 3.84 3.25–4.53 ,.001 1.95 1.64–2.33 ,.001

Positive axillary nodes (no.)

0 1 1 1 1

1–3 1.77 1.53–2.04 ,.001 1.55 1.33–1.79 ,.001 2.10 1.81–2.45 ,.001 2.12 1.82–2.48 ,.001

4–9 3.86 3.33–4.47 ,.001 3.04 2.60–3.55 ,.001 4.28 3.66–5.00 ,.001 3.93 3.34–4.62 ,.001

.9 7.05 6.11–8.14 ,.001 4.72 4.03–5.53 ,.001 8.40 7.27–9.71 ,.001 7.11 6.10–8.28 ,.001

PR

Negative 1 1 1 1

Positive 0.78 0.69–0.89 ,.001 0.93 0.82–1.05 .233 0.90 0.77–1.04 .156 0.89 0.75–1.05 .175

Undefined 1.80 0.58–5.59 .312 2.05 0.66–6.42 .216 NAa NAa NAa NA NA NA

Tumor grade

1 1 1 1 1

2 2.40 1.98–2.92 ,.001 1.84 1.51–2.24 ,.001 1.89 1.40–2.55 ,.001 1.39 1.03–1.87 .033

3 3.61 2.93–4.44 ,.001 2.30 1.86–2.85 ,.001 2.15 1.61–2.89 ,.001 1.48 1.10–1.99 .010

Undefined 1.66 1.29–2.14 ,.001 1.49 1.16–1.92 .00 1.36 0.96–1.92 .080 1.18 0.84–1.67 .338

Chemotherapyb

No 1 1 1 1

Yes 1.17 1.05–1.31 .003 0.92 0.82–1.03 .14 0.78 0.70–0.87 ,.001 0.69 0.62–0.78 ,.001

Hormone therapyb

No 1 1 1 1

Yes 0.67 0.59–0.77 ,.001 0.79 0.69–0.90 .001 1.04 0.92–1.19 .511 1.11 0.96–1.28 .159
aOnly four cases were ER-negative and PR undefined, so the analysis was not applicable.
bTreatments for neoadjuvant and/or adjuvant setting.
Abbreviations: CI, confidence interval; ER, estrogen receptor; HR, hazard ratio; NA, not available; PR, progesterone receptor.
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overexpression by immunohistochemistry in patients aged
#45 years than in patients aged$65 years [7], other studies
have consistently shown no significant association of HER2
overexpression or amplification with patient age [17–19]. Our
previous study,which analyzed theHER2 status of 1,028breast
cancer samples by immunohistochemistry and fluorescence
in situ hybridization also did not show differences in HER2
overexpression or amplification based on patient age (,35
years vs. 35–50 years vs..50 years, 20% vs. 20% vs. 21%; p5
.848) [9]. Two phase III trials, published in 2005, showed that
use of adjuvant trastuzumab significantly reduced disease
recurrence [20, 21]. Because the present study enrolled
patients diagnosed between 2002 and 2006, we conducted
a sensitivity analysis to compare DFS between patients
diagnosed in 2002–2004 and in 2005–2006. The analysis did
not show a significant difference in DFS between these two
periods for the whole population (crude HR: 0.99; p5 .889),
the ER1 subgroup (crude HR: 1.01; p 5 .898), or the ER–
subgroup (crude HR: 1.04; p 5 .506) (data not shown).
Consequently, the absence of HER2 status data is unlikely to
affect our findings.

In the present study, the median follow-up period of 57.4
months was relatively short for survival analysis in breast
cancer, thus we conservatively analyzed DFS instead of overall
survival to avoid bias caused by an imbalanced performance
status among the different age groups; there were a total
of 2,739 events involving 17.6% of the study population.
Furthermore, according to the survival curves (Fig. 2), the
consistent separation of the curves between the 40–49 age
group and the other age groups implied the robustness of
our findings, although longer follow-up data are required to
precisely predict the outcomes for Taiwanese patients and to
make a direct comparison with the SEER database.

The high hormonal receptor expression and the particu-
larly favorable prognosis in the ER1 subgroup of young
patients imply that estrogen-related environmental changes
play an important role in the carcinogenesis of YFBC in Taiwan.
In addition to YFBC, we recently found a rapid increase in
uterus and ovary endometrioid carcinomas among young
women,andall of these tumor types showedahighprevalence
of hormone receptor expression [22]. These findings suggest
a dramatic increase in estrogen-related malignancies among
young women in Taiwan. The discrepancy in the clinicopath-
ological features and outcomes in YFBC patients between the
East and West further suggests that unique environmental
changes, beyondwesternized lifestyle, are playing amajor role
in carcinogenesis. Regarding environmental factors, certain
industrial environmental pollutants with estrogenic effects
may be causative and deserve further investigation. The
petrochemical industries, for example, havedeveloped rapidly
since the 1950s in some East Asian countries including Japan,
Korea, and Taiwan [23]. Many compounds that have been
widely used for the manufacture of plastic products are
estrogenic, and people in these countries have been heavily
exposed to a number of these chemicals. Previous studies
revealed unexpectedly high exposures of Taiwanese people
to phthalates and nonylphenol [24–26]. In addition, high
concentrations of other estrogenic steroid pollutants in water

and polycyclic aromatic hydrocarbons in air have been
reported in Taiwan [27, 28].

Although environmental and lifestyle factors may play
major roles, genetic factors with ethnic differences, particu-
larly in genes involving estrogen synthesis or metabolism
[29],mayplay a role in the carcinogenesis of YFBCs in EastAsia;
for example, genetic polymorphisms such as CYP1B1 [19]
and COMT [30], which are related to estrogen metabolism,
significantly differ between Asian and white people. Differ-
ences in these genetic traits may also explain the discrepancy
of the clinicopathological features and outcomes in YFBC
patients in the East and West; however, the interactions of
environmental and genetic factors and their roles in carcino-
genesishavenotbeensystemically analyzed in thispopulation.
Determining the responsible gene-environment interactions
is clearly warranted to stem the surge of these emerging
malignancies in young women in East Asia.

CONCLUSION
The emerging YFBCs in Taiwan are uniquely associated with
favorable pathological features. The high hormonal receptor
expression and particularly favorable prognosis in the ER1
subgroup of young patients imply that estrogen–related
environmental changes play an important role in the carci-
nogenesis of YFBC in Taiwan.Thedistinct pathological features
and prognosis suggest that emerging YFBCs in Taiwan or other
East Asian countries should not be regarded as the mirror
image of its Western counterpart.
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