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Abstract

Purpose Docetaxel plus capecitabine, a commonly used
chemotherapeutic regimen for metastatic breast cancer
(MBCQ), is highly variable in its effectiveness. We aimed to
investigate whether allelic variants of cytochrome P450
(CYP450) affected objective response, progression-free
survival (PFS), and overall survival (OS) in MBC.

79 SNPs in CYP450, whose minor
allele frequency were >10%, were genotyped in 69 MBC
patients who were treated with docetaxel plus capecitabine.
Pearson’s y” test or Fisher’s exact test was used to inves-
tigate the influence of SNPs on objective response as
appropriate. Log-rank test was used to assess the associa-
tion between SNPs and survival outcomes.

Results There is no significant association between
polymorphisms and both objective response and OS. Only
one SNP, CYP1A1 rs1048943 A>G (Ile462Val), was sig-
nificantly associated with PFS (P = 0.0003). Multivariate
analysis confirmed its prognostic significance for PFS
(P = 0.004).

Conclusion CYP1A1 rs1048943 A>G (Ile462Val) poly-
morphism is a potential prognostic marker for survival
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outcome after docetaxel plus capecitabine chemotherapy in
MBC patients. However, confirmatory study is needed to
validate this finding.
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Introduction

Breast cancer is the most frequently diagnosed cancer and
the leading cause of cancer-related deaths in females
worldwide, accounting for about 1.4 million new cases and
0.5 million deaths annually (Jemal et al. 2011). Due a large
part to improvements in screening detection, more and
more patients are diagnosed at an early stage. Unfortu-
nately, about 1/3 of them eventually develop metastatic
disease (Harbeck et al. 2010; Moreno-Aspitia and Perez
2009), the prognosis for whom remains poor, with a
median survival of 2-3 years and 5-year survival of 26.7%
(Moreno-Aspitia and Perez 2009).

Chemotherapy is an important therapeutic option for
metastatic breast cancer (MBC), with anthracyclines and
taxanes the two most active kinds of agents. The increasing
use of anthracyclines and taxanes in adjuvant and neoad-
juvant settings has led to a growing number of MBC who
relapsed after treatment with these agents. For patients in
whom anthracyclines have failed, docetaxel plus capecita-
bine are effective as demonstrated in previous studies
(O’Shaughnessy et al. 2002; Chan et al. 2009; Michalaki
et al. 2009). However, objective response can only be
observed in about 40% of patients, while the remaining
patients display various levels of resistance (O’Shaugh-
nessy et al. 2002; Chan et al. 2009; Michalaki et al. 2009).
Despite great efforts and major funds to identify appropriate
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predictive marker, we still cannot definitely distinguish
responders from nonresponders before drug administration.
Although factors such as poor compliance, pathophysio-
logical conditions, and drug—drug interactions might affect
the therapeutic outcome, gene constitution may account for
20-95% of the variability in drug effects (Ingelman-Sund-
berg et al. 2007; Watson and McLeod 2011).

Pharmacogenetic variation can be envisioned in four
levels: drug metabolizing enzymes, drug transporters, drug
targets, and other biomarker genes, with drug metabolizing
enzymes the most prominent one. Genetic polymorphisms
of drug transporters and drug receptors do, in some cases,
determine therapeutic outcome, but the number of impor-
tant examples where this variation is of clinical importance
are relatively few (Ingelman-Sundberg et al. 2007).
Whereas genetic polymorphisms in drug metabolizing
enzymes can affect 20-25% of all drug therapies to an
extent that therapy outcome is altered (Ingelman-Sundberg
2004), and cytochrome P450 (CYP450) plays a critical role
because it involves in about 80% of all phase I drug
metabolisms. Furthermore, genetic polymorphisms of
CYP450 have been reported to be associated with breast
cancer risk (Ma et al. 2010; Sergentanis and Economopo-
ulos 2010), differentiation (Justenhoven et al. 2010), clin-
ical outcome of hormonal therapy (Kiyotani et al. 2010;
Ruiter et al. 2010), and response and survival after some
regimens of chemotherapy (Bray et al. 2010; Gor et al.
2010; Petros et al. 2005). But to the best of our knowledge,
there is no evidence whether genetic polymorphisms in
CYP450 can affect clinical outcomes of a commonly used
chemotherapeutic regimen of docetaxel plus capecitabine
in patients with MBC.

In this study, we evaluated the impact of the single
nucleotide polymorphisms (SNP) of CPY450 on objective
response, progression-free survival, and overall survival,
with the aim of identifying predictive and prognostic
factors.

Patients and methods
Study population

This was a single-institute, prospective study. Patients with
MBC who had been previously treated with anthracycline
were included into our study in Breast Oncology Depart-
ment of Peking University Cancer Hospital and Institute
from January 2007 to June 2010. Eligibility criteria also
included female, aged >18 years, Eastern Cooperative
Oncology Group (ECOG) performance status of 0-2,
adequate cardiac (normal left ventricular ejection fraction
[LVEF > 50%]), hepatic (serum transaminases
<1.5 x upper limit of normal [ULN], alkaline phosphatase
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<2.5 x ULN, bilirubin <1.0 x ULN), renal (serum cre-
atinine <1.5 x ULN), and bone marrow (absolute neu-
trophil count >1.5 x 109/L, platelet count >100 x 109/L,
hemoglobin >9 g/dL) function, at least one measurable
lesion according to the response evaluation criteria in solid
tumors (RECIST) version 1.0 (Therasse et al. 2000), and
life expectancy of at least 3 months. Prior hormonal ther-
apy, radiotherapy or chemotherapy were all allowed if they
had been completed at least 4 weeks before enrollment and
if <25% of the active bone marrow had been irradiated.

Exclusion criteria included previous exposure to doce-
taxel or capecitabine, active central nervous system
metastasis, active infection, serious concurrent medical
illness, pregnancy or lactation, previous radiotherapy on
the assessable lesion, and history of another malignancy
(except basal cell skin carcinoma and carcinoma in situ of
the uterine cervix) within 5 years of study entry. Con-
comitant radiotherapy or hormone therapy was not
permitted.

Patients received docetaxel (75 mg/m?, dl) and cape-
citabine (950 mg/m? twice daily, on days 1-14) based on a
triweekly cycle. Treatment interruption or dose reduction
was made on the basis of hematologic and nonhemato-
logical toxicities. Treatment was interrupted in cases of
grade 2 or higher toxicities (with the exception of toxicities
considered by the investigator unlikely to become serious
or life threatening, e.g., alopecia) and was not resumed
until the adverse event was improved to grade 1 or 0. The
doses of both drugs were reduced by 25% for patients who
experienced a second occurrence of a given grade 2 tox-
icity or any grade 3 toxicity. Docetaxel therapy was dis-
continued if toxicities did not resolve to grade 0 or 1 within
2 weeks, but capecitabine could be resumed at 75% of the
starting dose on resolution of the toxicity to grade 0 or 1. If
patients experienced a third occurrence of a given grade 2
toxicity, a second occurrence of a given grade 3 toxicity, or
any grade 4 toxicity, the capecitabine dose was reduced by
50% and docetaxel was discontinued. Capecitabine was
discontinued if, despite dose reduction, a given toxicity
occurred for a fourth time at grade 2, a third time at grade
3, or a second time at grade 4.

Chemotherapy was stopped in case of disease progres-
sion, patient refusal, or unacceptable toxicity. Tumor
response was measured every two cycles by computed
tomography scan to document complete response (CR),
partial response (PR), stable disease (SD), or progressive
disease (PD) according to RECIST guidelines version 1.0
(Therasse et al. 2000). Adverse events were classified
according to National Cancer Institute Common Toxicity
Criteria (NCI-CTC) version 3.0. The study was approved
by the Ethics Committee of Peking University Cancer
Hospital and Institute. Written informed consent for
genetic polymorphism analysis was obtained from all
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patients before enrollment, and the study was carried out in
accordance with Declaration of Helsinki.

Genotyping of CYP450 gene polymorphisms

Genomic DNA was extracted from venous blood samples
(4 ml) drawn before drug administration, using standard
phenol—chloroform method. The selection of SNPs is based
on the Affymetrix Drug Metabolizing Enzymes and Trans-
porters (DMET) genotyping platform, which integrates
1,936 genetic variations in 225 genes associated with phase
I-II drug metabolism, disposition, and transport. Specifi-
cally, DMET platform included 438 genetic variations in
CYP450. Only 79 SNPs of the 438 genetic variations have
minor allele frequency (MAF) of >10% in Chinese based on
HapMap Project database (http://www.hapmap.org). All the
79 SNPs were included into our study. These genes, refer-
ence SNP identification numbers, nucleotide substitutions,
functions, chromosome position, and reported allele fre-
quencies were summarized in supplementary data Table S1.
66 SNPs were genotyped by matrix-assisted laser desorp-
tion/ionization time-of-flight (MALDI-TOF) mass spec-
trometry method (Sequenom, Inc., San Diego) and 13 by
polymerase chain reaction (PCR) and direct sequencing
(supplementary data Table S1). To verify the results, 5% of
the DNA samples were randomly selected for duplicate
assays. All the results were generated and analyzed by lab-
oratory staff unaware of patient status.

Statistical analysis

Treatment response outcomes were dichotomized by
responders (CR + PR) and nonresponders (SD + PD).
PFS was calculated from the date therapy was initiated to
the date of progression or death. OS was measured from the
date therapy was initiated to the date of death. Patients who
were alive were censored at the date of the last follow-up.
Median PFS and OS were estimated according to the
Kaplan—-Meier method.

First, we analyzed the effects of demographic and
clinical parameters on objective response, PFS, and OS.
The demographic and clinical parameters included age
(<median vs. >median), ECOG performance status (0 vs.
>1), tumor grading (I vs. II vs.III), estrogen receptor
(negative vs. positive), progestin receptor (negative vs.
positive), human epidermal growth factor receptor-2
(negative vs. positive), menopausal status (premenopause
vs. postmenopause), treatment-line (first-line vs. >second-
line), previous exposure to paclitaxel (yes vs. no), and
visceral metastasis (yes vs. no). Pearson’s Xz test or Fish-
er’s exact test was used to investigate the influence of
demographic and clinical parameters on objective response
as appropriate, and Log-rank test on PFS and OS.

Genotype distributions were checked for agreement with
those expected under Hardy—Weinberg equilibrium using
the goodness-of-fit %> test. Pearson’s y° test or Fisher’s
exact test was used to investigate the influence of SNPs on
objective response as appropriate. Log-rank test was used
to assess the effects of SNPs on PFS and OS. In the uni-
variate analyses for clinical outcome according to the 79
studied polymorphisms, a Bonferroni correction required a
P < 0.05/79 = 0.0006 for statistical significance.

Cox proportional hazards multivariate modeling was
used to identify factors that independently predict PFS and
OS. All data were analyzed by SPSS for windows version
16.0 (SPSS Inc., Chicago, IL, USA). A cutoff P value of
0.05 was adopted for all the statistical analysis, except for
the association between SNPs and clinical outcomes, which
used 0.0006 for statistical significance.

Results
Patient characteristics

A total of 69 patients were enrolled into the current study.
The median age was 55 (range, 29-75) years. Their base-
line characteristics were shown in Table 1. Most patients
were ECOG performance status of 0 (52.2%), postmeno-
pausal (73.9%), previously treated by paclitaxel (69.6%),
and received docetaxel plus capecitabine in the first-line
setting (69.6%). Estrogen receptor, progestin receptor, and
HER-2 over expressing status were examined on the tissue
of the primary tumors in 48 patients, on metastatic lesion in
20 patients, and unknown in 1 patient.

Totally, 277 treatment cycles (median 4, range 1-8)
were delivered. One patient received only one cycle of
chemotherapy and could not be evaluated for response.
Among 68 evaluable patients, the response rate was 27.9%,
with no complete response, 19 partial responses (27.9%),
27 stable diseases (39.7%), and 22 progressive diseases
(32.4%). The median PFS and OS was 6.0 months (95%
Cl, 53-6.7) and 17.1 months (95% CI, 13.0-21.2),
respectively.

Effects of demographic and clinical variables
on objective response, PFS, and OS

As shown in supplementary data Table S2, none of the
demographic and clinical variables was statistically related
to objective response, while positive estrogen receptor and
postmenopausal status were associated with longer PFS
(P =0.034 and P = 0.040, respectively, as shown in
Fig. 1), and ECOG performance status of 0 and postmeno-
pausal status were associated with longer OS (P = 0.001 and
P = 0.023, respectively, as shown in Fig. 2). Furthermore,
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Table 1 Patients’ baseline characteristics

Characteristics number (%)

Age (years)

Median 55

Range 29-75
ECOG performance status

0 36 (52.2)

1 31 (44.9)

2 2 (2.9)
Histology

Ductal 55 (79.7)

Lobular 9 (13.0)

Others 5(7.3)
Estrogen receptor

Positive 35 (50.7)

Negative 33 (47.8)

Unknown 1(1.5)
Progestin receptor

Positive 33 (47.8)

Negative 35 (50.7)

Unknown 1(1.5)
HER-2

Positive 13 (18.8)

Negative 55 (79.7)

Unknown 1(1.5)
Menopausal status

Premenopausal 18 (26.1)

Postmenopausal 51 (73.9)
Previous paclitaxel

Yes 48 (69.6)

No 21 (30.4)
Chemotherapy line

First-line 48 (69.6)

Second-line 17 (24.6)

>Third-line 4 (5.8)
Number of metastatic sites

1 17 (24.6)

>2 52 (75.4)
Metastatic sites

Bone 38 (55.1)

Lymph node 35 (50.7)

Liver 24 (34.8)

Lung 20 (29.0)

ECOG eastern cooperative oncology group; HER-2 human epidermal
growth factor receptor-2

responding patients had a significantly longer PFS than
nonresponders (median, 8.7 [95% CI, 7.0-10.4] vs. 5.2 [95%
CI, 2.7-7.7] months, P = 0.002), but difference in OS was
not reached (P = 0.163).
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Fig. 1 Progression-free survival according to estrogen receptor status
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Genotype frequency and their effects on objective
response, PFS, and OS

Most of the 79 tested SNPs followed the Hardy—Weinberg
equilibrium (HWE), except for CYP4F11 rs1060463 G>A
(P <0.001), CYPI9A1 15700518 A>G (P = 0.018),
CYP7BI rs6987861 G>A (P = 0.015), CYP7AI rs1254
2233 C>T (P = 0.029), and CYP2A6 1528399433 T>G
(P = 0.002). The observed minor allele frequency of the
79 SNPs in our study population were shown in supple-
mentary data Table S1.

In the univariate analysis, no significant association was
detected between genotype and objective response or OS
after Bonferroni correction (P = 0.0006). Only one SNP,
CYPI1A1 151048943 A>G (Ile462Val), was significantly
associated with PFS. Patients carrying CYP1A1 rs1048943
GA/GG genotype had a significantly longer PFS than AA
genotype (median, 8.3 [95% CI, 4.3-12.0] vs. 5.3 [95% CI,
3.6-7.0] months, P = 0.0003, shown in Fig. 3). Although
patients with GA/GG genotype also showed a longer OS
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Fig. 3 Progression-free survival according to CYPIA1 rs1048943
A>G polymorphism

than AA genotype (median, 20.8 [95% CI, 19.3-22.3] vs.
15.7 [95% CI, 10.7-20.7] months, P = 0.035), the
threshold P value of 0.0006 was not reached.

To evaluate the risk of disease progression, we carried
out a Cox regression analysis entering known clinical
factors (menstruation and estrogen receptor status) and
polymorphism (CYP1Al rs1048943 A>G) that signifi-
cantly associated with PFS in the univariate model. In this
model, we found that estrogen receptor and menstruation
status were not independent predictors of PFS, while
CYP1A1 151048943 A>G polymorphism resulted a sig-
nificant predictor (P = 0.004, Table 2).

Because no SNP in our study was associated with OS,
the Cox regression analysis of OS only included known
clinical factors (ECOG performance status and menstrua-
tion status) that significantly associated with OS in the
univariate model. In this model, we found that ECOG
performance status was an independent predictor of OS
(P < 0.001), while menstruation status not (P = 0.137).

Discussion

As is widely accepted, breast cancer is a heterogeneous
disease with different morphologies, molecular biological
behaviors, response to treatment, and prognosis (Mehta
et al. 2011). The concept of “personalized treatment”
recognizes these heterogeneities and emphasizes that each
patient should be treated uniquely. Under this new para-
digm, intensive efforts have been made to investigate
appropriate biomarkers for treatment outcomes. Up to now,
a lot of markers have been identified in the treatment of
breast cancer: immunoglobulin G fragment C receptor
polymorphisms for response to trastuzumab (Musolino
et al. 2008), CYP2D6 genotype for clinical outcome of
tamoxifen (Goetz et al. 2005; Schroth et al. 2007), fibro-
blast growth factor receptor 4 Arg388 genotype for

Table 2 Multivariate analysis of clinical and SNP parameters for
progression-free survival

Covariate HR (95% CI) df P value
Estrogen receptor
Positive 1 (Reference) 1 0.141
Negative 1.5 (0.9-2.5)
Menstruation
Premenopause 1 (Reference) 1 0.156
Postmenopause 0.7 (0.4-1.2)
CYPI1A1 rs1048943 A>G
AA genotype 1 (Reference) 1 0.004
GA/GG genotype 0.4 (0.2-0.7)

The italic value indicates that P value was lower than 0.05

HR hazard ratio; CI confidence interval; df degree of freedom
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resistance to adjuvant therapy (Thussbas et al. 2006), pS3
Arg72Pro polymorphism for pathologic response to neo-
adjuvant chemotherapy (Xu et al. 2005), and so on.

Our study tried to explain inter-individual difference in
clinical outcome from pharmacogenetic aspects. We pro-
spectively assessed 79 genetic polymorphisms in CYP450,
whose MAF were >10%, in 69 MBC patients who received
docetaxel plus capecitabine chemotherapy. Although we are
unable to find any prognostic impact of CYP450 polymor-
phism on objective response or OS, one SNP (CYPIA1
rs1048943 A>QG) was shown to be related to PFS in the uni-
variate analysis (P = 0.0003). In the multivariate analysis,
after adjusting clinical factors associated with PFS in the
univariate analysis, the association remained significant
(P = 0.004). This SNP was also marginally related to OS
(P = 0.035), and did not pass the threshold P value of 0.0006.
It seems that it is a potential biomarker for survival outcome
after docetaxel plus capecitabine chemotherapy for MBC.

CYPIALI 151048943 A>G substitution at codon 462 in
exon 7 can result in amino change from isoleucine to valine
near the heme-binding region and increases CYP1A1 activity
by twofold (Cosma et al. 1993). Itis possible that the elevated
CYP1AL1 enzyme activity leads to altered drug metabolism
and difference prognosis. Future investigations should vali-
date this result and clarify the underlying mechanisms. A lot of
researches are interested in CYP1A1 rs1048943 A>G, and
this SNP has been reported to be associated with the risk of
lung cancer (Chen et al. 2011), breast cancer (Sergentanis and
Economopoulos 2010), non-Hodgkin lymphoma (Kim et al.
2009), esophageal cancer (Zhuo et al. 2009), chronic myeloid
leukemia (Taspinar et al. 2008), colorectal cancer (Kiss et al.
2007), gallbladder cancer (Tsuchiya et al. 2007), prostate
cancer (Yang et al. 2006; Murata et al. 2001), and epithelial
ovarian cancer (Aktas et al. 2002).

In this study, we focused on SNPs which are inherited
genetic variations harbored by all the cells. They can easily
be genotyped in blood and are more convenient to adopt
into clinical practice than tumor expression profiles, which
need biopsies of patients’ tumors. Many studies have been
conducted to analyze SNPs in CYP450 in order to establish
their possible relationship with chemotherapeutic outcomes
in patients with breast cancer. CYP3A4 rs2740574 A>G
polymorphism has been reported to be independently
impact survival after adjuvant chemotherapy for node
positive breast cancer (Gor et al. 2010). CYP2B6
rs8192709 C>T (Arg22Cys) and rs12721655 A>G
(Lys139Glu) polymorphisms affect response to doxorubi-
cin and cyclophosphamide therapy (Bray et al. 2010).
CYPIBI1 rs1056836 C>G (Leu432Val) polymorphism can
influence progression-free survival of paclitaxel-based
chemotherapy (Marsh et al. 2007). Our study adds more
information between genetic polymorphism and chemo-
therapeutic outcomes. We identify CYP1A1l rs1048943
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A>G (Ile462Val) as an independent predictor for pro-
gression-free survival after docetaxel plus capecitabine
chemotherapy in patients with MBC.

In our study, 5 SNPs significantly deviated from the
HWE. The reasons may be genotyping errors, patient
selection bias, or that these SNPs are associated with the
risk of breast cancer. As far as we know, there is no report
whether the five SNPs are associated with the incidence of
breast cancer. However, polymorphism of CYP2A6
1s28399433 T>G has been observed to be associated with
altered risk of upper aerodigestive tract cancer (Canova
et al. 2009). None of these five SNPs were associated with
objective response, PFS, or OS.

The strength of our study included prospective analysis,
detailed clinical information, focus on all SNPs with MAF
>10% in CYP450, and conservative statistical methods for
multiple comparisons. Our study also had several limita-
tions. First, even though the present data identified
CYP1A1 151048943 A>G (Ile462Val) as a statistically
significant prognostic factor for survival outcome in MBC
receiving docetaxel plus capecitabine chemotherapy, these
results should be interpreted cautiously. Due to limited
sample size, the result should be validated in a larger
patients’ cohort to avoid any possibility of chance results.
Second, in this study, we only genotyped SNPs in CYP450
whose MAF were >10%. Those uncommon SNPs whose
MAF <10% could also play a determinant role in clinical
outcome. Again, our study only included SNPs in CYP450.
Investigation of polymorphisms in other genes, such as
drug transporter and drug targets, might provide more
information for individually optimized chemotherapy.

In conclusion, our study identifying the strong associa-
tion between CYP450 gene variants and survival outcome
represents a step toward personalized and optimized pal-
liative chemotherapy in MBC. Large prospective studies
are needed to validate this finding.
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