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Given the critical role of CYP19 in estrogen synthesis, we investigated the influence of CYP19 gene polymorphisms on the
clinical outcome of lymph node- (LN-) negative, hormone receptor- (HR-) positive early breast cancers. Genotyping for the
CYP19 polymorphisms rs4646 (A/C), rs1065779 (A/C), CYP19 (TTTA)n (short allele/long (S/L) allele using the 7 TTTA repeat
polymorphism as the cut-off), and rs1870050 (A/C) was performed on 296 patients with LN-negative, HR-positive breast cancers.
All patients received adjuvant hormonal therapy. Associationswere examined between these 4 genotypes and 6 commonhaplotypes
of CYP19 and distant disease-free survival (DDFS), disease-free survival (DFS), and overall survival (OS). Patients were divided
into the 6 subhaplotypes of CCLA (41.1%), AASA (17.1%), CASA (11.9%), CCLC (8.9%), CCSA (7.5%), AASC (8.9%), and others
(4.6%). In premenopausal patients, haplotype AASA was significantly associated with a poor DDFS (adjusted hazard ratio (aHR),
3.3; 𝑃 = 0.001), DFS (aHR, 2.5; 𝑃 = 0.0008), and OS (aHR, 2.9; 𝑃 = 0.0004) after adjusting for age, tumor size, tumor grade,
estrogen receptor status, progesterone receptor status, chemotherapy, pathology, adjuvant hormone therapy,menopausal status, and
radiotherapy. Furthermore, haplotype AASA remained a negative prognostic factor for premenopausal patients receiving adjuvant
chemotherapy in terms of DDFS (aHR, 4.5; 𝑃 = 0.0005), DFS (HR, 3.2; 𝑃 = 0.003), and OS (HR, 6.4; 𝑃 = 0.0009). However, in
postmenopausal patients, haplotypeAASAwas not associated with a poor prognosis, whereas theAASC haplotype was significantly
associated with a poorDFS (aHR, 3.1;𝑃 = 0.03) andOS (aHR, 4.4;𝑃 = 0.01). Our results indicate that, in patients with LN-negative,
HR-positive breast cancers, genetic polymorphism haplotype AASA is associated with poor survival of premenopausal women but
does not affect survival of postmenopausal women.

1. Introduction

For estrogen receptor- (ER-) or progesterone receptor- (PR-)
positive breast cancers, hormone-based treatment, such as
ovarian ablation, tamoxifen, or aromatase inhibitors, has

been demonstrated to result in an improvement in disease-
free survival (DFS) and overall survival (OS) [1, 2]. Given the
critical role of aromatase in estrogen synthesis, it is important
to study the relationship between activity of aromatase,
encoded by gene CYP19, a single copy gene located on
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chromosome 15q21.2 [3–5], and prognosis of breast cancer
patients receiving adjuvant hormone treatment. In a nested
case-control study evaluating the associations betweenCYP19
repeat polymorphisms and breast cancer risk, Haiman et
al. [6] showed that women with the 8-repeat allele of the
TTTA polymorphism have higher estrogen levels than those
with the 7-repeat allele. One population-based study also
showed that a higher repeat number of the TTTA repeat
polymorphism is associated with a longer survival of breast
cancer patients [7].

Our previous study demonstrated that, in stages I-II and
operable stage III breast cancer patients, hormone receptor-
(HR-) positive premenopausal patients with the long allele
of the CYP19 polymorphism have a significantly better
DFS and OS than those without the long allele, but this
prognostic effect of the CYP19 polymorphism is not seen in
postmenopausal women patients [8]. A recent whole genome
analysis of the human CYP19 gene using DNA samples
from four ethnic groups, including Han Chinese-Americans,
identified at least 88 single nucleotide polymorphisms (SNPs)
and 44 common haplotypes and demonstrated that there
were 30 large ethnic variations in both allele frequencies and
haplotypes and that 6 polymorphisms were observed only
in Han Chinese-American subjects [9]. From this database
and a literature review, we selected the CYP19 TTTA repeat
and three CYP19 SNPs, rs4646 in the 3 untranslated region,
rs1065779 in the introexon boundary, and rs1870050 in the
promoter region/untranslated exon [9–14], which occur at
a higher frequency in Han Chinese (see Supplementary
Table 1 in the Supplementary Material available online
at http://dx.doi.org/10.1155/2013/562197), are associated with
cancer risk [9–12], and are suggested to influence aromatase
function [13, 14].

Since haplotype analysis can capture the cisacting causal
variants that are potentially associated with disease risk and
disease progression [15–17], we investigated the effect of 6
haplotypes of these SNPs in CYP19 on the clinical outcome
of LN-negative, HR-positive early breast cancers.

2. Methods

2.1. Study Cohort and Sources of Information. Eligible women
were newly diagnosed patients with stage I or II (AJCC 2007)
LN-negative, HR-positive early breast cancers diagnosed at
the National Taiwan University Hospital between January 1,
1994, and June 30, 2004. All data on the histological grade
and HR status of the primary tumors were reviewed by one
pathologist (Dr. Lien). Patients were considered HR-positive
if the percentage of ER- or PR-positive epithelial cells was
≥ 10%; 44.5% (132/296) of the included patients had taken
part in our previous molecular epidemiological study [8].
Genomic DNA and detailed demographic information were
obtained from the patients and theirmedical charts with their
consent. The pathologic review, archiving of tumor tissues
and blood samples, and genetic studies were approved by
the institutional review board of the National Taiwan Uni-
versity Hospital. Pathologic and clinical information about
treatment (including type of surgery, receipt or nonreceipt

of adjuvant systemic therapy, and type and dose of adju-
vant systemic therapy) and follow-up information (including
recurrence and distant metastasis) were obtained from the
pathology reports and clinical records. If menstruation had
taken place within one year, the woman was considered
as premenopausal, and, if not, as postmenopausal. Women
who had undergone hysterectomy, but without bilateral
oophorectomy, were considered as premenopausal if they
were younger than 52 and as postmenopausal if older.

Patients with high-risk factors, for example, grade III
cancers and large tumors, but receiving nonstandard adjuvant
chemotherapy, as defined in our previous study [18], were
excluded, since our previous study demonstrated that breast
cancer patients receiving standard adjuvant chemotherapy
have a better DFS and OS than those receiving nonstan-
dard adjuvant chemotherapy [18]. In the present study, the
definition of standard adjuvant treatment was based on
whether the indication and the regimen and dose of adjuvant
chemotherapy were the same as those in the literature or
those recommended by the NCCN guidelines, NIH consen-
sus, and St. Gallen consensus [18–20]. All enrolled patients
received adjuvant hormonal therapy. Adjuvant radiotherapy
was administered to all patients after breast conserving
surgery [20, 21]. All patients receiving postoperative radio-
therapy received an optimal dose of radiation (a biologically
equivalent dose of 50–60Gy in 2-Gy fractions) [20, 21]. After
surgery and adjuvant therapy, the patients were regularly
followed up in our clinic. If patients were lost to followup,
information on disease status and survival was obtained from
the patients’ charts, hospital cancer registry records, and the
National Death Registry.

2.2. DNA Isolation and Aromatase Genotyping. CYP19 geno-
typing for rs4646 (A/C), rs1065779 (A/C), (TTTA)n, and
rs1870050 (A/C) was performed on 296 Taiwanese patients
with LN-negative, HR-positive breast cancers. A sample of
peripheral blood, collected in acetate-citrate dextrose, was
obtained from each patient and the buffy coat immediately
prepared and stored at −80∘C until extraction of genomic
DNA. Genomic DNA was extracted using a conventional
proteinase K extraction and a QIAamp DNA Blood Kit
(Qiagen, Valencia, CA) following themanufacturer’s protocol
and stored at −80∘C.

The TTTA tetranucleotide repeats of CYP19 were identi-
fied using the polymerase chain reaction and electrophoresis
in an ABI PRISM 3130XL, as described previously [8].
TaqMan assays were used for genotyping of rs4646 (A/C),
rs1065779 (A/C), and rs1870050 (A/C). The thermal cycling
conditions were 50∘C for 2 minutes and 95∘C for 10 minutes,
followed by 40 cycles of 95∘C for 15 seconds and 60∘C for 60
seconds. The PCR reaction was performed in a total reaction
volume of 5 𝜇L containing 10 ng of genomic DNA, 2.5𝜇L of
2x TaqManUniversal PCRMasterMix (Applied Biosystems),
and 0.125 𝜇L of the 40X primers/probes in a 384-well plate
format on an ABI7900HT. Genotyping was performed as a
Made to Order Assay (Applied Biosystems: C 8234730 1 for
rs4646, C 8234755 10 for rs1065779, and C 11672268 20 for
rs1870050).
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2.3. Statistical Analysis. The effect of genotype was initially
evaluated using a codominant model in which each genotype
was considered separately. However, the estimated HRs (haz-
ard ratios) for each genotype were imprecise because of the
small number of cases, so some of the genetic polymorphisms
were classified into 2 groups by pooling the heterozygous
groupwith either the homozygous variant or wild-type group
on the basis of the estimated odds ratio of the heterozygous
genotype (poor survival or good survival). The TTTA repeat
in intron 4 ofCYP19was dichotomized as S/L (one short allele
≤ 7 repeats and one long allele > 7 repeats) and L/L (two long
alleles > 7 repeats) versus S/S (two short alleles ≤7 repeats).
Furthermore, based on the aforementioned observed geno-
type data, several individual genotypes were combined for
analysis into haplotypes using PROC HAPLOTYPE in SAS
Genetics, as in Tan’s study [22]. Haplotypes with a probability
less than 0.9 were not included in the subsequent association
analysis. Of the 11 haplotypes constructed, those with an
estimated frequency of an individual allele less than 5% were
not included in the association analyses because of limited
sample size and heterogeneity.

Follow-up data available as of December 31, 2010, were
analyzed. Distant disease-free survival (DDFS) wasmeasured
from the date of the original surgery for breast cancer to
distant recurrence or death from any cause, disease-free
survival (DFS) was measured from the date of the original
surgery for breast cancer to the date of locoregional or distant
recurrence or death from any cause, and overall survival (OS)
was measured from the date of the original surgery to the
date of death from any cause or the last follow-up date [23].
Survival was calculated using the product limit method of
Kaplan and Meier. Differences in survival were compared
between groups using the log-rank test.

The hazard ratio and the corresponding 95% confi-
dence interval (CI) for each variable were estimated using
Cox regression analyses. The multivariate-adjusted hazard
ratio (aHR) of progression associated with the individ-
ual genotypes and haplotypes of the screened SNPs was
assessed for the total patient group after adjusting for age,
tumor size, tumor grade, ER and PR status, chemotherapy,
pathology, adjuvant hormone therapy, menopausal status,
and radiotherapy and for the pre- and postmenopausal
groups by adjusting for age, tumor size, tumor grade, ER
and PR status, chemotherapy, pathology, adjuvant hormone
therapy, menopausal status, and radiotherapy stratified by
menopausal status. Two-sided 𝑃 values less than 0.05 were
considered statistically significant. All analyses were per-
formed using SAS statistical software for Windows version
9.2 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Clinicopathologic Features. Two hundred and ninety-six
patients were included in the study. As shown in Table 1, the
median age was 50 years (range 24–81 years), and 178 subjects
were premenopausal and 118 postmenopausal. The clinico-
pathologic characteristics and treatments are also listed in
Table 1. Briefly, all ER-positive and/or PR-positive patients

Table 1: Pertinent clinicopathologic features of the LN-negative,
HR-positive breast cancer patients.

Characteristic
Number of
patients
(𝑁 = 296)

Age (years)
Median (range) 50 (24–81)

HER-2/neu status
0 65 (22.0)
1 62 (20.9)
2 38 (12.8)
3 41 (13.9)
Missing 90 (30.4)

Menopausal status
Premenopausal 178 (60.1)
Postmenopausal 118 (39.9)

Pathology
Infiltrating ductal ca. + infiltrating lobular
ca. + medullary ca. 253 (85.5)

Other 43 (14.5)
Grade

I 127 (42.9)
II 131 (44.3)
III 38 (12.9)

Tumor size (cm)
≤2 171 (57.8)
>2–5 125 (42.2)

Hormone receptor status
ER (+) PR (+) 220 (74.3)
ER (+) PR (−) 45 (15.2)
ER (−) PR (+) 31 (10.5)

Adjuvant hormone therapy
Tamoxifen 269 (90.9)
Others∗ 27 (9.1)

Adjuvant chemotherapy
No CT 162 (54.7)
CT 134 (45.3)

LN: lymph node; HR: hormone receptor; ca: cancer; ER: estrogen receptor;
PR: progesterone receptor; CT: chemotherapy.
∗Ovarian ablation or luteinizing hormone-releasing hormone.

received tamoxifen, and some (9.1%) received ovarian abla-
tion or a luteinizing hormone-releasing hormone agonist
with or without tamoxifen. None of the patients received
aromatase inhibitors as adjuvant hormonal therapy. One
hundred and thirty-four (45.3%) received adjuvant standard
chemotherapy and 162 (54.7%) did not.

3.2. CYP19 Polymorphisms and Prognosis. As shown in
Table 2, based on the analysis of all patients, the rs4646 poly-
morphism (A/AandA/Cgenotypes versus theC/Cgenotype)
wasmarginally associated with a poorDFS (aHR 1.6.; 95%CI,
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Table 2: Association between various CYP19 genotypes and OS, DFS, or DDFS.

Genotype

OS DFS DDFS
Hazard ratio
(95% CI)

aHR (95% CI)
𝑃

Hazard ratio
(95% CI)

aHR (95% CI)
𝑃

Hazard ratio
(95% CI)

aHR (95% CI)
𝑃

CYP19 rs4646 A/A + A/C versus C/C
Total
(𝑁 = 296)

1.6 (0.8–3.1)
1.8 (0.9–3.6)

0.17
0.09

1.6 (1.0–2.5)
1.6 (1.0–2.6)

0.06
0.06

1.6 (0.9–2.7)
1.7 (0.9–2.9)

0.10
0.07

Premenopausal
(𝑛 = 178)

2.1 (0.9–4.9)
2.4 (1.0–5.9)

0.10
0.06

1.8 (1.0–3.1)
1.8 (0.9–3.2)

0.05
0.07

2.2 (1.1–4.4)
2.3 (1.1–4.9)

0.03
0.02

Postmenopausal
(𝑛 = 118)

1.0 (0.3–2.9)
1.2 (0.4–3.7)

0.97
0.81

1.3 (0.5–3.0)
1.4 (0.6–3.5)

0.59
0.42

0.9 (0.3–2.2)
1.0 (0.4–2.7)

0.79
0.99

Premenopausal patients receiving adjuvant
chemotherapy (𝑛 = 86)

2.2 (0.6–7.4)
2.8 (0.7–10.7)

0.22
0.13

1.8 (0.8–4.1)
1.7 (0.7–4.1)

0.15
0.24

2.1 (0.8–5.4)
2.2 (0.8–6.3)

0.12
0.13

CYP19 rs1065779 A/A + A/C versus C/C
Total
(𝑁 = 296)

1.3 (0.6–2.8)
1.6 (0.7–3.3)

0.50
0.26

2.0 (1.1–3.6)
2.3(1.2–4.2)

0.02
0.009

1.7 (0.9–3.2)
1.9 (1.0–3.7)

0.87
0.06

Premenopausal
(𝑛 = 178)

2.2 (0.8–6.6)
2.6 (0.8–7.8)

0.15
0.10

3.1 (1.4–6.8)
3.5 (1.5–7.9)

0.006
0.003

2.9 (1.1–7.5)
3.2 (1.2–8.6)

0.03
0.02

Postmenopausal
(𝑛 = 118)

0.5 (0.2–1.7)
0.7 (0.2–2.2)

0.29
0.49

1.0 (0.4–2.5)
1.1 (0.4–3.0)

0.93
0.84

0.7 (0.3–2.0)
0.9 (0.3–2.6)

0.56
0.84

Premenopausal patients receiving adjuvant
chemotherapy (𝑛 = 86)

4.1 (0.5–31.8)
7.0 (0.8–62.6)

0.18
0.08

4.9 (1.1–20.7)
6.6 (1.5–29.4)

0.03
0.01

7.0 (0.9–52.0)
13.0 (1.6–104.8)

0.06
0.02

CYP19 (TTTA)n S/S + S/L versus L/L
Total
(𝑁 = 296)

2.8 (0.9–9.1)
3.3 (1.0–11.0)

0.09
0.05

2.4 (1.1–5.3)
2.8 (1.3–6.2)

0.03
0.01

2.4 (1.0–6.0)
2.8 (1.1–7.1)

0.06
0.03

Premenopausal
(𝑛 = 178)

6.6 (0.9–48.7)
7.8 (1.0–58.9)

0.07
0.05

3.6 (1.3–10.1)
4.0 (1.4–11.4)

0.01
0.009

5.0 (1.2–20.7)
5.5 (1.3–23.5)

0.03
0.02

Postmenopausal
(𝑛 = 118)

1.0 (0.2–4.5)
1.1 (0.2–5.1)

0.98
0.93

1.2 (0.3–4.0)
1.3 (0.4–4.8)

0.81
0.64

0.9 (0.3–3.1)
1.1 (0.3–4.1)

0.87
0.86

Premenopausal patients receiving adjuvant
chemotherapy (𝑛 = 86)

—
—

3.5 (0.8–15.1)
4.0 (0.9–17.9)

0.09
0.07

5.3 (0.7–39.9)
6.3 (0.8–50.8)

0.10
0.09

CYP19 rs1870050 A/A versus C/C + A/C
Total
(𝑁 = 296)

1.2 (0.6–2.3)
1.2 (0.6–2.4)

0.62
0.53

1.3 (0.8–2.1)
1.4 (0.8–2.2)

0.31
0.19

1.7 (1.0–2.9)
1.8 (1.0–3.1)

0.06
0.05

Premenopausal
(𝑛 = 178)

1.7 (0.7–4.1)
1.9 (0.8–4.7)

0.22
0.14

1.4 (0.8–2.4)
1.5 (0.8–2.8)

0.28
0.17

1.9 (0.9–3.8)
2.1 (1.0–4.3)

0.07
0.05

Postmenopausal
(𝑛 = 118)

0.6 (0.2–1.9)
0.6 (0.2–2.0)

0.41
0.42

1.1 (0.5–2.5)
1.0 (0.4–2.4)

0.86
0.99

1.3 (0.5–3.4)
1.2 (0.5–3.2)

0.54
0.70

Premenopausal patients receiving adjuvant
chemotherapy (𝑛 = 86)

1.8 (0.5–6.9)
2.1 (0.5–8.5)

0.37
0.28

1.1 (0.5–2.6)
1.5 (0.6–3.7)

0.79
0.40

2.7 (0.9–8.1)
3.3 (1.0–10.7)

0.08
0.05

1.0–2.6; 𝑃 = 0.06) and a poor DDFS (aHR, 1.7; 95% CI, 0.9–
2.9; 𝑃 = 0.07). After stratification by menopausal status, in
premenopausal patients, it was marginally associated with a
poor OS (aHR, 2.4; 95% CI, 1.0–5.9; 𝑃 = 0.06) and poor DFS
(aHR, 1.8; 95% CI, 0.9–3.2; 𝑃 = 0.07) and was significantly
associated with a poor DDFS (aHR, 2.3; 95% CI, 1.1–4.9; 𝑃 =
0.02). However, in postmenopausal women, this SNPwas not
associated with OS, DFS, or DDFS.

In the whole group, the rs1065779 polymorphism (A/A
and A/C genotypes versus the C/C genotype) was signifi-
cantly associated with a poor DFS (aHR, 2.3; 95% CI, 1.2-
4.2; 𝑃 = 0.009) and marginally associated with a poor
DDFS (aHR, 1.9; 95% CI, 1.0–3.7; 𝑃 = 0.06) but was not
associated with OS. After stratification by menopausal status,

in premenopausal patients, it was significantly associated
with a poor DFS (aHR, 3.5; 95% CI, 1.5–7.9; 𝑃 = 0.003)
and poor DDFS (aHR, 3.2; 95% CI, 1.2–8.6; 𝑃 = 0.02) but
not a poor OS. In contrast, in postmenopausal women, this
SNP was not associated with a poor prognosis (OS, DFS, or
DDFS).

In the whole group, the TTTA repeat polymorphism in
intron 4 ofCYP19 (S/S and S/L genotypes versus the L/L geno-
type) was significantly associated with a poor progression in
terms of OS (aHR, 3.3; 95%CI, 1.0–11.0;𝑃 = 0.05), DFS (aHR,
2.8; 95% CI, 1.3–6.2; 𝑃 = 0.01), and DDFS (aHR, 2.8; 95%
CI, 1.1–7.1; 𝑃 = 0.03). After stratification, this SNP remained
a negative prognostic factor in premenopausal patients in
terms ofOS (aHR, 7.8; 95%CI, 1.0–58.9;𝑃 = 0.05), DFS (aHR,
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4.0; 95% CI, 1.4–11.4; 𝑃 = 0.009), and DDFS (aHR, 5.5; 95%
CI, 1.3–23.5; 𝑃 = 0.02) but was not associated with a poor
prognosis of OS, DFS, andDDFS in postmenopausal women.

The rs1870050 polymorphism (A/A genotype versus A/C
and C/C genotypes) was significantly associated with a poor
DDFS in both the whole group (aHR, 1.8; 95% CI, 1.0–3.1;
𝑃 = 0.05) and premenopausal women (aHR, 2.1; 95% CI,
1.0–4.3; 𝑃 = 0.05). However, no significant associations
were observed for OS or DFS. The polymorphism was not
associated with poor prognosis (OS, DFS, or DDFS) in
postmenopausal women.

In premenopausal patients with adjuvant chemotherapy
(high-risk group), the rs1065779 and rs1870050 polymor-
phisms were significantly associated with a poor prognosis
in terms of DDFS (aHR, 13.0; 95% CI, 1.6–104.8; 𝑃 = 0.02
and aHR, 3.3; 95% CI, 1.0–10.7; 𝑃 = 0.05, resp.), but no
associations were seen for the rs4646 and TTTA repeat
polymorphisms.

3.3. CYP19 Haplotypes and Prognosis. Since SNPs tend to
be inherited in clusters and linked to the same functional
variants, which are potentially associated with disease prog-
nosis [15–17], the 4 genetic polymorphisms of CYP19 were
clustered into haplotypes of CCLA (41.1%), AASA (17.1%),
CASA (11.9%), CCLC (8.9%), CCSA (7.5%), AASC (8.9%),
and others (4.6%). There were no significant differences
in clinicopathologic features, adjuvant hormone treatment
(tamoxifen versus ovarian ablation and LHRH agonist), or
systemic adjuvant chemotherapy (no versus yes) between
these groups (data not shown).

As shown in Table 3, taking all patients together, the
haplotype subtype AASA was found to be associated with a
poor OS (aHR, 2.1; 95% CI, 1.2–3.9; 𝑃 = 0.01), DFS (aHR,
2.0; 95% CI, 1.3–3.2; 𝑃 = 0.002), and DDFS (aHR, 2.0;
95% CI, 1.3–3.2; 𝑃 = 0.008) compared to non-AASA alleles.
After stratification by menopausal status, in premenopausal
patients, haplotype AASA remained associated with a poor
prognosis in terms of OS (aHR, 3.3; 95% CI, 1.6–6.8; 𝑃 =
0.001), DFS (aHR, 2.5; 95% CI, 1.5–4.2; 𝑃 = 0.0008), and
DDFS (aHR, 2.9; 95% CI, 1.6–5.3; 𝑃 = 0.0004) but was not
associated with a poor prognosis in postmenopausal women
(Figure 1). In contrast, haplotype AASC was significantly
associated with a poor OS (aHR, 4.4; 95% CI, 1.4–14.1; 𝑃 =
0.01) and a poor DFS (aHR, 3.1; 95% CI, 1.1–8.3; 𝑃 = 0.03)
in postmenopausal women and a poor OS in all women
combined (aHR, 2.9%; 95% CI, 1.3–6.3; 𝑃 = 0.008) but not
in premenopausal women.

In premenopausal patients with adjuvant chemotherapy
(high-risk group), haplotype AASA was significantly associ-
ated with a poor OS (aHR, 6.4; 95% CI, 2.1–19.0; 𝑃 = 0.0009),
DFS (aHR, 3.2; 95% CI, 1.5–6.8; 𝑃 = 0.003), and DDFS (aHR,
4.5; 95% CI, 1.9–10.3; 𝑃 = 0.0005) compared to those without
haplotype AASA as the reference (Table 4).

4. Discussion

In the present study, we demonstrated that, in LN-negative,
HR-positive breast cancer patients, premenopausal women

carrying the CYP19 genetic polymorphism haplotype AASA
had a significantly poorer DDFS, DFS, and OS than those
without haplotype AASA. Even in patients who received
chemotherapy, haplotype AASA remained a negative prog-
nostic factor for DDFS, DFS, and OS. However, in post-
menopausal women, haplotype AASA was not associated
with poor DDFS, DFS, or OS, whereas haplotype AASC was
significantly associated with poor OS and DFS.

SNP rs4646 of CYP19, located in the 3 untranslated
region, was recently found to be associated with circulating
steroid hormone levels and with the objective response to
the aromatase inhibitor letrozole in postmenopausal breast
cancer [13, 14, 24]. In the present study, we observed that
the combined high risk A/A + A/C alleles of CYP19 poly-
morphism rs4646 were significantly associated with a poor
DDFS (𝑃 < 0.05) and marginally associated with a poor OS
(𝑃 = 0.06) and poor DFS (𝑃 = 0.07).

SNP rs1065779 of CYP19, which is located in intron 9,
53 base pairs upstream of exon 10, has been suggested to
affect transcription or expression of aromatase [11] and to
be associated with lower serum estrogen levels in nonsmall
cell lung carcinoma patients [25]. In the present study, we
observed an increased risk of the A allele in CYP19 poly-
morphism rs1065779 in terms of a poor prognosis for DFS
and DDFS in premenopausal patients and those receiving
adjuvant chemotherapy.

The TTTA repeat CYP19 polymorphism has been
reported to be associated with higher aromatase activity
[26, 27], and increasing repeat length is associated with a
good prognosis of breast cancer [7, 8]. These observations
are consistent with our findings, which also showed that an
increased poor prognosis risk of DDFS, DFS, and OS was
associated with the short TTTA repeat polymorphism in
LN-negative, HR-positive breast cancer patients, especially
premenopausal patients.

SNP rs1870050 of CYP19, located in the first exon close
to promoter I.1, is associated with risk of endometrial cancer
[12], and the cancer risk association is modified by tea
consumption [11]. In the present study, we found that the
A/A genotype of the CYP19 polymorphism rs1870050 was
associated with a poor DDFS in premenopausal women,
but no significant associations were observed with OS or
DFS. Further studies with larger sample sizes are needed
to understand the effect of CYP19 polymorphism rs1870050
on OS and DFS of LN-negative, HR-positive premenopausal
breast cancer patients.

In the present study, we found that, in premenopausal
women, CYP19 polymorphisms rs4646 (A/C), rs1065779
(A/C), rs1870050 (A/C), and CYP19 (TTTA)n (S/S + S/L
versus L/L) were significantly associated with a poor DDFS.
Haplotypes derived from these 4 genetic polymorphisms
confirmed the above association. We also found that pre-
menopausal women carrying haplotype AASA not only had
a poor DDFS but also a poor DFS and OS than those without
AASA.

The poor prognostic effect of the CYP19 haplotype AASA
for premenopausal women is hypothesized to be due to
differences in the regulatorymechanisms of estrogen between
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Figure 1: Overall treatment results for LN-negative, HR-positive premenopausal patients as a function of CYP19 haplotype (AASA haplotype
versus non-AASA haplotype) for (a) distant disease-free survival (DDFS), (b) disease-free survival (DFS), and (c) overall survival (OS).

Table 4: Haplotype AASA remains a significant prognostic factor
for poor survival in premenopausal patients receiving adjuvant
chemotherapy.

CYP19 haplotype
AASA versus non-AASA

Hazard ratio (95% CI)
aHR (95% CI) 𝑃 value

OS 5.1 (1.9–13.7)
6.4 (2.1–19.0)

P = 0.001
P = 0.0009

DFS 2.7 (1.3–5.4)
3.2 (1.5–6.8)

P = 0.005
P = 0.003

DDFS 2.9 (1.4–6.2)
4.5 (1.9–10.3)

P = 0.005
P = 0.0005

premenopausal and postmenopausal women. In breast can-
cer samples, expression of aromatase is upregulated in breast

tumor tissue compared to normal tissue [28], indicating a
potential role of CYP19 in the development and progression
of breast cancer, and microarray expression profiling and
clustering analysis have demonstrated a significant positive
correlation between aromatase and estrogen-related receptor
𝛼 mRNA expression in isolated carcinoma cells [29]. In
premenopausal women, estrogen is mainly produced by
the ovary, while in postmenopausal women, aromatization
of androgen in extragonadal tissue, for example, adipose
tissue, is the main source [5]. It is therefore possible that
the proliferation of HR-positive breast cancer cells in pre-
menopausal women is more estrogen-dependent than that
in postmenopausal woman and that antihormone treatment,
such as tamoxifen and ovarian ablation, and chemotherapy,
which also result in a menopausal status, might cause a
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greater decrease in ovary-synthesized estrogen to support
breast cancer growth in premenopausal women.

Given that cancers in premenopausal women may have
a greater need of estrogen for growth than those in post-
menopausal women, the tumor cells may grow rapidly and
thus develop recurrence and distant metastases when they
are in a high-estrogen microenvironment. We hypothesize
that premenopausal women with haplotype AASA may have
higher aromatase activity and have higher estrogen levels
after antihormone therapy, since estrogen is still synthesized
in adipose tissues by aromatase, and that thismay explainwhy
this group of patients has a poor survival. Our findings are in
line with those of Long et al. [30] showing that haplotypes
CCCTA (minor alleles for hCV1664178, rs12900137, rs730154,
rs936306, and rs1902586 in block 2) and AAGC (nonsynony-
mous SNP rs727479, rs700519, rs10046, and rs4646 in block
4) are associated with poor DFS and OS in premenopausal
women.

Although the survival benefit of the non-AASA haplo-
types of CYP19may be a result of a greater estrogen-reducing
effect of tamoxifen in premenopausal women, we did not
measure estrogen levels and their association with the AASA
haplotype, since estrogen levels in premenopausal women do
not remain constant because of their physiology. In addition,
whether the AASA haplotype of CYP19 is associated with the
survival of postmenopausal women receiving an aromatase
inhibitor needs to be examined. Furthermore, the significant
association between haplotype AASC and poor OS and DFS
observed in our postmenopausal women requires further
studies to clarify the possible mechanism.

In addition to germline SNPs of tamoxifen-metabolizing
genes, such as CYP19, CPY2D6, and SULT1A1 [8, 31–33],
SNPs identified in genomewide association studies (GWAS)
have been found to be associated with breast cancer risk
[34, 35]. A recent study investigating the association between
8 risk SNPs identified in GWAS and breast cancer outcome
demonstrated that rs12443621 (16q12) and rs6504950 (17q23)
may influence OS and that patients with three or four at-
risk genotypes of the GWAS SNPs have a higher risk of
death than those with two or fewer at-risk genotypes [36].
Thus, further studies exploring the influence of candidate
genes and GWAS-identified genes involved in metabolism
of tamoxifen, chemotherapeutic agents, and estrogen on the
effect of adjuvant hormonal therapy and the survival of HR-
positive breast cancers are warranted.

In conclusion, our results show that, in LN-negative,
HR-positive breast cancer patients, CYP19 genetic poly-
morphism haplotype AASA is associated with poor sur-
vival in premenopausal women but not in postmenopausal
women. In high-risk premenopausal patients with adjuvant
chemotherapy, haplotype AASA remains a negative prog-
nostic factor, and new adjuvant treatment strategies for this
group of patients are warranted. Clarification of the molec-
ular mechanisms of the effect of haplotype CYP19 genetic
polymorphism, such as mRNA stabilization, transcription
enhancement, or posttranslational upregulation of aromatase
expression [37], in this group of breast cancer patients is
needed.
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