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Abstract
Objective: Genetic polymorphisms can influence the chemotherapeutic response; however, previous studies
have produced conflicting results, and have failed to identify the most relevant polymorphisms for predicting the
response to treatment in patients with cancer. The present meta-analysis was conducted to determine the correlation
between two polymorphisms (rs1045642 and rs1128503) in ATP-binding cassette transporter B subfamily member 1
(ABCB1), which is associated with multidrug resistance, and the survival of patients treated with taxane-containing
chemotherapy. Methods: Several databases, including PubMed and Embase, were used to retrieve articles evaluating
the association between the ABCB1 rs1045642 and rs1128503 polymorphisms and survival, published prior to August
2019. The meta-analysis was conducted using R software to determine the pooled hazard ratio (HR) and 95% confidence
intervals (95% CIs). Results: Fifteen studies involving 3320 patients were included in the meta-analysis. The effect
of the rs1128503 polymorphism on progression-free survival remained significant in the heterozygote (HR 0.81; 95%
CI: 0.67–0.98) and homozygote (HR 0.71; 95% CI: 0.58–0.88) models. The TT genotype rs1128503 was associated
with better overall survival (HR 0.72; 95% CI: 0.53–0.97). Conclusion: Carriers of the rs1128503 T allele of ABCB1
showed a survival benefit after taxane-containing chemotherapy.
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Introduction
Taxanes, a class of diterpenes, are widely used to treat
different types of solid tumors, such as breast cancer,
ovarian cancer, some head and neck cancers, and lung
cancer. Taxanes exert their anti-tumor effects by disrupting
the dynamic balance between microtubules and tubulin
dimers, promoting tumor cell apoptosis. Clinical studies
have shown that the toxicity and efficacy of taxanes
vary widely and exhibit inter-individual differences,
leading to substantial variations in individual prognosis.
An increasing number of studies have indicated that
genetic factors such as single nucleotide polymorphisms
(SNPs) play important roles in explaining the individual
differences in the prognosis of patients administered
taxane-containing chemotherapy (Johnatty et al., 2013;
Karageorgopoulou et al., 2017; Szczyrek et al., 2017;
Bjorn and Jakobson Falk, 2018).
Several genetic polymorphisms have been shown to
affect the activity of taxanes. The most common gene
reportedly associated with these effects is ATP-binding
cassette transporter B subfamily member 1 (ABCB1), also

known as multidrug resistance gene 1, which is located on
the long arm of human chromosome 7. ABCB1 encodes
P-glycoprotein (P-gp), which can transport a variety of
drugs, and also functions as a transmembrane osmotic
pump (Leschziner et al., 2007). Upon an increase in P-gp
activity, antitumor drugs that enter the cell can be actively
pumped out of the cell (Dean et al., 2001; Kelland, 2007;
Auner et al., 2010), leading to increased outflow and/
or decreased inflow, so that the antitumor drugs do not
accumulate at sufficiently high levels in tumor cells,
thereby reducing their efficacy; this is the key mechanism
by which P-gp exerts chemotherapy resistance (Kim et
al., 2001; Genovese et al., 2017). P-gp is involved in the
transport of multiple antitumor drugs, including paclitaxel
and docetaxel (Orina et al., 2009). Therefore, SNPs in
ABCB1 may affect the function of P-gp to ultimately
influence drug sensitivity and drug resistance, through
mechanisms (Liu et al., 2013; Xia et al., 2016) such as
alteration of the expression levels, stability, degradation,
substrate specificity, activity, and/or role of transporters
(Hoffmeyer et al., 2000; Hitzl et al., 2001; De Iudicibus et
al., 2008; Schaich et al., 2009), with consequent impacts
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on prognosis (Mizuno et al., 2003).
The association between ABCB1 polymorphisms and
the prognosis of patients following taxane-containing
chemotherapy has been explored in several studies.
However, the findings are inconclusive, with contrasting
results and weak data (Grau et al., 2009; Bergmann et
al., 2011; Qiao et al., 2016; Li et al., 2017; Priyadarshini
et al., 2019; Zhong et al., 2019). Given the potential
importance of ABCB1 polymorphisms in the response
to chemotherapy, we conducted a meta-analysis of
studies conducted to date, along with data obtained by
doctors, pharmacists, and statisticians, to systematically
integrate the current pharmacogenetic literature and
obtain more credible evidence. In particular, we focused
on the association between the ABCB1 SNPs rs1045642
(C3435T) and rs1128503 (C1236T) and the prognosis
of patients administered taxane-based chemotherapy, to
provide a basis for personalized clinical medicine.

Materials and Methods
Data sources, search strategy, and selection criteria
This study was performed according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) the Meta-analysis of
Observational Studies in Epidemiology guidelines
(Moher et al., 2009) (PROSPERO Registration Number:
CRD42019128195). The electronic databases PubMed,
Embase, Web of Science, Cochrane library, Chinese
National Knowledge Infrastructure, Wanfang, and
Weipu were searched systematically from the time of
library construction to August 2019 by two authors.
The basic search was restricted to English-language
articles with the following core search terms: (taxane
or taxol or paclitaxel or docetaxel or albumin-bound
or protein-bound) and (outcomes or “overall survival”
or OS or “progression-free survival” or PFS) and
(“multidrug resistance gene” or ABCB1 or MDR1). To
identify additional published studies and unpublished
literature, we manually searched the reference lists of
the retrieved studies or relevant reviews, and the authors
were contacted. Only the most recent study was included
when overlap occurred between studies.
Studies were considered to be eligible if they fulfilled
all of the following criteria: all included patients were
diagnosed with a solid tumor; all included patients were
administered taxane-based chemotherapy; the studies
included comparisons of different categories of the
polymorphic genotypes ABCB1 C3435T and C1236T; all
reported the overall survival (OS) and progression-free
survival (PFS) of patients with different genotypes, and
had sufficient genotype data to estimate the hazard ratio
(HR) and 95% confidence interval (CI) in at least one
genetic comparison model. The study selection process
was performed by two authors independently; a third
author determined the final criteria for any inconsistencies.
Data collection and quality assessment
Two authors were responsible for extracting the data
from eligible studies using a standardized data extraction
table. Disagreements were resolved by group discussion,
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or by a third author if a consensus could not be reached.
Information on the first author’s name, publication year,
country, patient mean age, sample size, tumor type,
regimen, detection, Hardy-Weinberg equilibrium, PFS,
and OS for each category of genotypes were collected.
Bias caused by individual studies was examined by two
authors independently using the Newcastle–Ottawa Scale
score, which is useful for comprehensively evaluating
the quality of observational studies in a meta-analysis.
The bias of selection (four items), comparability (one
item), and outcome (three items) were assessed during
this process.
Data synthesis and analysis
Three genetic models were analyzed for each SNP in
this meta-analysis: a homozygote model (TT vs. CC), a
heterozygote model (CT vs. CC), and a dominant model
(CT + TT vs. CC). For time-to-event survival analysis, we
assessed the effect of ABCB1 status on patient prognosis
by calculating the HR. For each study, the HR and its 95%
CI were retrieved. If these parameters were not available in
the articles, we used the software Engauge Digitizer 4.1 to
extract specific survival rates according to Kaplan–Meier
curves and calculate the HR, as described by Tierney et
al., (2007). Heterogeneity in the pooled analyses was
determined via statistical analyses, using the Q statistic for
homogeneity and the I2 statistic. A P value of < 0.10 or I2 >
50% was considered to indicate significant heterogeneity
(Higgins et al., 2003). When statistical heterogeneity
existed, the random-effects model was used; otherwise,
the fixed-effects model was applied. Sensitivity analyses
were performed to evaluate the influence of single studies
on the overall analysis. Subgroup analyses, including
country (Asia, Europe, and others), diagnosis (ovary,
breast, lung, and others), and regimen [paclitaxel plus
cisplatin (TP) and others] were conducted. Publication
biases were estimated using Egger tests (Egger et al.,
1997). A two-sided P value of less than 0.05 was taken
to indicate statistical significance. All statistical analyses
were performed using R version 3.6.1 software.

Results
Search results
Figure 1 presents the entire process of study selection.
A total of 1,008 potentially relevant articles were identified
by systematic searching of electronic databases, and
manual searching. After reviewing the titles or abstracts,
235 studies were excluded as duplicates, leaving 773
articles for further title and abstract review. A total of 77
studies were discarded following a review of the full text.
Fifteen studies were finally identified and included in the
analysis. The remaining studies were excluded because of
incompatible data, nonrelevant genotypes, and focus on
other outcomes (Johnatty et al., 2008; Chang et al., 2009;
Gandara et al., 2009; Grau et al., 2009; Chang et al., 2010;
Shim et al., 2010; Bergmann et al., 2011; Peethambaram
et al., 2011; Kim et al., 2012; Tiam et al., 2012; Johnatty
et al., 2013; Qiao et al., 2016; Li et al., 2017; Szczyrek et
al., 2017; Bjorn and Jakobsen Falk, 2018).
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Table1. Baseline Characteristics of the Studies Included in the Meta-Analysis
Study

Country

Size
M/F(n)
Age

Tumor type

Regimen (Dose)

Detection

HWE

Endpoint

Gene

NOS

Bergamnn
2011

Denmark/
Sweden

119
N/A
57 (26–77)

Ovary

TP (175 mg/m2 and AUC56)

Pyrosequencing

P >0.05

OS

C3435T

8

Bjorn
(Arm A)
2018

Sweden

260
N/A
56 (26-81)

Ovary

TP (250 mg/m2 and AUC56)

Pyrosequencing

P >0.05

PFS/OS

C3435T
C1236T

8

Bjorn
(Arm B)
2018

Sweden

265
N/A
56 (37-81)

Ovary

TP (175 mg/m2 and AUC56)

Pyrosequencing

P >0.05

PFS/OS

C3435T
C1236T

8

Chang
2009

Korea

108
N/A
49 (32–71)

Breast

Paclitaxel (175 mg/m2)

Sanger

P >0.05

OS

C3435T

8

Chang
2010

Korea

43
26/17
47 (23-68)

Gastric

Paclitaxel (175 mg/m2) +
Leucovorin (20 mg/m2) +
5-fluorouracil (1000 mg/m2)

Sanger

P <0.05

PFS

C3435T

6

Gandara
2009

Japan

197
136/61
65 (33–81)

Lung

TP (225 mg/m2 and AUC6)

Pyrosequencing

P >0.05

PFS/OS

C3435T

8

American

184
116/68
63 (28–80)

Grau
2009

Spain

47
43/4
57 (46–80)

Head and
neck

Paclitaxel (80 mg/m2)

Primers and probes

P >0.05

PFS

C3435T
C1236T

8

Johnatty
2008

Austria

309
N/A
58(31-80)

Ovary

TP (175 or 135 mg/m2 and
AUC5-6)

MALDI-TOF

P >0.05

PFS/OS

C3435T
C1236T

9

Johnatty
2013

Austria

433
N/A
N/A

Ovary

TP (175 or 135 mg/m2 and
AUC5-6)

Illumina Inﬁnium
iSelect array

P >0.05

PFS

C3435T
C1236T

9

Kim
2012

Korea

57
N/A
46 (27–72)

Breast

Paclitaxel +trastuzumab
(80 mg/m2 + load 4 mg/kg
maintain 2 mg/kg weekly;
175 mg/m2 + load 8 mg/kg
maintain 6 mg/kg 3 weeks)
Docetaxel + trastuzumab
75 mg/m2 + load 8 mg/kg
maintain 6 mg/kg 3 weeks)

PCR-RFLP

P >0.05

PFS/OS

C3435T

8

Li
2017

Chinese

100
N/A
50 (23-77)

Breast

Docetaxel and Epirubicin
(NA)

TaqMan

P >0.05

PFS/OS

C3435T

9

Prema
2011

American

365
N/A
N/A

Ovary

Paclitaxel or Docetaxel
(NA)

Veracode Assay

P >0.05

PFS

C1236T

9

Qiao
2016

Chinese

64
44/20
58 (38-73)

Lung

TP (175 mg/m2 and AUC56)

Sequenom iPLEX
Mass ARRAY
Platform

P >0.05

PFS/OS

C3435T
C1236T

8

Shim
2010

Korea

200
150/50
58 (19–76)

Gastric

TP (175 mg/m2 and 75 mg/
m2 cisplatin)

RFLP

P >0.05

PFS/OS

C3435T
C1236T

8

Szczyrek
2016

Poland

58
49/9
N/A

Lung

Docetaxel (75 mg/m2)

PCR HRM

P >0.05

OS

C3435T

8

Tian
2012

American

511
N/A
58 (24–87)

Ovary

TP (175 mg/m2 and AUC56) or TP (135 mg/m2 and 75
mg/m2 cisplatin)

Sequenom iPLEX
Mass ARRAY
Platform and
MALDI-TOF Mass
Spectrometry

P >0.05

PFS/OS

C3435T

9

Study characteristics
The characteristics of all studies included are listed in
Table 1. Fifteen studies reporting data from 3320 patients
who were administered taxane-containing chemotherapy
were included in this study. The years of publication
ranged from 2008 to 2018. The sample sizes ranged from

43 to 511 patients, and their mean ages ranged from 46
to 65 years. Table 1 also provides information on the
country, sample size, diagnosis, tumor type, regimen
used, detection, and Newcastle–Ottawa Scale score. Study
quality was assessed using the Newcastle–Ottawa Scale
score: one study had a score of 6, 11 studies had a score
Asian Pacific Journal of Cancer Prevention, Vol 22
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Figure 1. Flow Diagram of the Literature Search and Trial Selection Process
of 8, and the remaining five studies had a score of 9.
ABCB1 C3435T polymorphism
PFS
Eleven studies involving 2670 patients were included
in the meta-analysis for PFS (Figure 2). The C3435T
polymorphism showed no correlation with PFS. Subgroup
analysis was performed to evaluate different countries,
tumor types, and regimens. The CC genotype had a
predictive effect on OS (HR 0.69; 95% CI: 0.48–0.97) in
Europe compared to TT carriers. Patients with ovarian

cancer who were CC carriers showed poor PFS (HR
0.74; 95% CI: 0.58–0.95) compared to that of TT carriers.
Patients who were CC carriers showed poor PFS (HR
0.76; 95% CI: 0.64–0.91) following TP regimen-based
chemotherapy compared to that of CT carriers, and
better PFS (HR 1.63; 95% CI: 1.02–2.61) following
TP regimen-based chemotherapy compared to that of
TT carriers. Patients who were CT + TT carriers showed
a poor PFS (HR 2.17; 95% CI: 1.11–4.26) following
non-TP regimen chemotherapy compared to that of CC
carriers. Significant heterogeneity was found in the overall

Figure 2. Forest Plots of ABCB1 rs1045642 Polymorphism and Subgroup Analyses on Progression-Free Survival of
Patients Administered Taxane-Based Chemotherapy
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Figure 3. Forest Plots of ABCB1 rs1045642 Polymorphism and Subgroup Analyses for Overall Survival of Patients
Administered Taxane-Based Chemotherapy.
meta-analysis of the homozygote model (I2 = 53%, P =
0.04) and dominant model (I2 = 76%, P = 0.04). Sensitivity
analyses showed that heterogeneity was decreased in the
heterozygous model (I2 = 12%, P = 0.34) after excluding
the study by Li et al., (2017).
OS

Nine studies involving 2255 patients were included
in the meta-analysis for OS (Figure 3). The C3435T
polymorphism was not associated with an improvement
in OS among patients treated with taxane-containing
chemotherapy. Results of the subgroup analysis showed
that European patients who were CC carriers had a
poor OS (HR 0.56; 95% CI: 0.37–0.85) compared to
that of TT carriers. Patients with ovarian cancer who
were CC carriers showed a poor OS (HR 0.68; 95% CI:
0.47–0.99) compared to that of TT carriers. Significant
heterogeneities were found in the overall meta-analysis of
the homozygote model (I2 = 56%, P = 0.03) and dominant

model (I2 = 53%, P = 0.03). Sensitivity analyses showed
that heterogeneity was decreased in the heterozygous
model (I2 = 30%, P = 0.21) after excluding the study by
Li et al. (2017) and was decreased in the dominant model
(I2 = 7%, P = 0.0.37) after excluding the study by Bjorn
et al., (2018) (Arm A).
ABCB1 C1236T polymorphism
PFS
Seven studies involving 1943 patients were included in
the meta-analysis for PFS (Figure 4). The summary results
showed that the effect of the C1236T polymorphism on
PFS remained significant in the heterozygote model (HR
0.81; 95% CI: 0.67–0.98) and homozygote model (HR
0.71; 95% CI: 0.58–0.88). Significant heterogeneity
was found in the dominant model (I2 = 60%, P = 0.03).
Sensitivity analyses showed that heterogeneity was
decreased in the dominant model (I2 = 41%, P = 0.15) after
excluding the study by Johnatty et al., (2013).

Figure 4. Forest Plots of ABCB1 rs1128503 Polymorphism and Subgroup Analyses for Progression-Free Survival and
Overall Survival of Patients Administered Taxane-Based Chemotherapy.
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OS

Six studies involving 1,217 patients were included in
the meta-analysis for OS (Figure 4). The CC genotype
showed a predictive effect on OS. Compared to the TT
phenotype, the CC genotype was associated with a poor
OS (HR 0.72; 95% CI: 0.53–0.97). There was significant
heterogeneity identified among studies.
Publication bias
No significant publication bias was observed.

Discussion
This is the first meta-analysis to investigate the role
of ABCB1 polymorphisms in patients administered
taxane-containing chemotherapy. This comprehensive
quantitative study included 15 studies involving 3,320
patients with a broad range of characteristics. The
rs1045642 and rs1128503 polymorphisms are the
most extensively studied SNPs in ABCB1. Our results
indicated that C3435T polymorphisms did not affect
PFS and OS, whereas subgroup analysis according to the
geographical area, tumor type, and treatment regimen
identified significant associations of the polymorphisms
with PFS and OS. This finding is consistent with the
results of two previous multicenter studies conducted in
the United States and Japan. A meta-analysis reported
by Jiang et al., (2018) revealed that the rs1045642
and rs1128503 polymorphisms were not related to the
response to chemotherapy. Although heterogeneities
were found in the overall analyses of PFS and OS in the
C3435T homozygote and dominant models, subgroup
analysis identified geographical area, tumor type, and
chemotherapy regimen as the three main sources of
heterogeneity between studies.
There are differences in the genetic and biological
characteristics, clinical progression pattern, therapeutic
responses, and prognoses among different tumor types;
moreover, the distribution of paclitaxel varies among
different tumors (Giordano et al., 2016). Sensitivity
analysis revealed that the study by Li et al., (2017) was a
source of statistical heterogeneity. When this outlier study
was removed, there was no evidence of heterogeneity in
the four remaining studies in the C3435T homozygote
model. This observation may arise because Li et al.,
(2017) enrolled patients with breast cancer, which differs
from the patient groups in the other studies. Therefore, it
is important to analyze the relationship between ABCB1
and prognosis for different tumor types separately. Our
study showed that in patients with ovarian cancer, being
a C3435T TT carrier had a significant predictive value
for the response to chemotherapy, as these patients had
better OS and PFS. Wang et al., (2005) showed that the
rs1045642 wild-type allele produces significantly higher
ABCB1 mRNA levels, leading to higher P-gp expression
levels; whereas patients with homozygous variants
of C3435T exhibited reduced P-gp expression levels
(Hoffmeyer et al., 2000). Penson et al., (2004) 1 reported
that patients with ovarian cancer with high expression
levels of P-gp had a shorter survival time and poorer
prognosis than those with higher P-gp levels. ABCB1
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polymorphisms have different effects on the activities
of different chemotherapeutic drugs, and the response to
chemotherapy and prognosis following administration of
different regimens vary widely. ABCB1 polymorphisms are
related to the response to platinum-based chemotherapy
(Sun et al., 2016; Zhang et al., 2018). Considering TP
as a first-line chemotherapy regimen and platinum as a
substrate of ABCB1, inconsistent effects may be observed
when the chemotherapy regimen involves TP. Our study
showed that TT carriers exhibited conflicting outcomes in
patients treated with different regimens. Additionally, the
level of medical care and medical resources in different
regions are inconsistent, factors that will affect the
prognosis of patients (Bray et al., 2018).
Our study demonstrated the predictive value of
ABCB1 C1236T for PFS and OS in patients who were
administered taxane-containing chemotherapy. Our
results were consistent with those reported by Bjorn et
al., (2018) and Zhou et al., (2015). The effect of genetic
variation on prognosis may be related to mutations that
cause changes in the encoded amino acids, affecting the
normal function of certain drug transporters, and leading
to phenomena such as decreased expression of P-gp. These
changes can lead to changes in the pharmacokinetics of
a drug, and decreased levels of the drug pumped out of
the cell, resulting in the accumulation of the drug in the
cell, which may adversely affect therapeutic efficacy
(2003). Bosch et al., (2006) reported that the C1236T
homozygous mutant had decreased clearance of docetaxel,
leading to an increase in the area under the curve. The
C1236T polymorphism may also indirectly affect the
stability of the mRNA (Frittitta et al., 2001). Shen et al.,
(1999) suggested that allele-specific differences in RNA
folding influence downstream mRNA splicing, processing,
or translational control and regulation, and reduced
translational activity may also occur.
There were some limitations to this study. The adjusted
factors of the extracted data on survival time differed
among the studies included, which may have affected the
results for disease progression and death. Additionally,
subgroup analyses based on other baseline characteristics
of patients were not conducted, because these data were
not available in the studies. The composite effects with
other clinical factors and gene variants such as G2677T/A
were not evaluated because of the unavailability of data.
Despite these limitations, our meta-analysis showed
that the precision of the estimation was improved by
integrating multiple datasets and enlarging the sample size.
Additionally, we found no publication bias, supporting the
validity of the results of our meta-analysis.
In conclusion, our study suggests a predictive role
for ABCB1 polymorphisms in the survival of patients
undergoing taxane chemotherapy. Specifically, T gene
carriers have a greater survival benefit. These results
provide preliminary evidence of a correlation between
the prognosis of patients with cancer and different
geographical regions, tumor types, and chemotherapy
regimens. Additional large-scale prospective studies
are needed to evaluate the relationship between other
factors such as specific populations, tumors, G2677T/A
polymorphisms, and clinical cancer prognosis, to produce
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more accurate and robust conclusions.
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