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Influence of ABCB1 polymorphisms upon the effectiveness of
standard treatment for acute myeloid leukemia: A systematic
review and meta-analysis of observational studies
JE Megías-Vericat1,2, L Rojas1,3, MJ Herrero1,4, V Bosó1,2, P Montesinos5, F Moscardó5, JL Poveda2, MÁ Sanz5 and SF Aliño1,4,6

The ABCB1 gene encodes for P-glycoprotein (P-gp), an efflux pump for a variety of xenobiotics. The role of ABCB1 polymorphisms in
acute myeloid leukemia (AML) outcomes of standard chemotherapy (cytarabine plus anthracyclines) remains controversial. A
systematic search was made of studies evaluating the association between ABCB1 polymorphisms 1236C4T, 2677G4T/A and
3435C4T and effectiveness variables. We found seven cohort studies (1241 patients) showing a significantly higher overall survival
(OS) among carriers of the variant allele of 1236C4T at year 4 (odds ratio (OR): 1.47, 95% confidence interval (CI): 1.07–2.01),
2677G4T/A at years 4–5 (OR: 1.37, 95% CI: 1.01–1.86) and 3435C4T at years 3 (OR: 1.41, 95% CI: 1.03–1.94) and 4–5 (OR: 1.42, 95%
CI: 1.05–1.91). In the subgroup analysis according to ethnicity, Caucasians carrying variant allele showed consistent results in OS.
ABCB1 influence upon complete remission could not be demonstrated. Future studies based on larger populations and multiethnic
groups should help clarify the effect of P-gp polymorphisms upon other outcomes.
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INTRODUCTION
Acute myeloid leukemia (AML) is primarily treated with cytarabine
and anthracycline combinations with complete remission (CR)
rates of 70–80%, although nearly 60% of these cases relapse
because of the low efficacy of chemotherapy in eliminating
minimal residual disease. Prognosis remains poor, with many
patients dying because of intrinsic drug resistance of AML cells or
relapse resulting from acquired resistance to initial therapy.1,2

The multidrug resistance 1 (MDR1) gene, also known as ABCB1
(ATP-binding cassette, subfamily B, member 1), encodes for
P-glycoprotein (P-gp), which is a 170 kDa membrane glycoprotein
responsible for the ATP-dependent cellular efflux of a variety of
drugs (such as anthracyclines and epipodophyllotoxins, commonly
used in AML therapy), xenobiotics and cellular metabolites
across the plasma membrane, thus minimizing the exposure of
potentially toxic compounds to the intracellular environment.3–5

In addition to protection from xenobiotics, P-gp seems to play a
role in carcinogenesis by regulating apoptosis and immune
response.6

The human ABCB1 gene, which is mapped on chromosome
7q21.12, consists of 28 exons, and at least 50 synonymous single
nucleotide polymorphisms (SNPs) have been reported.7 The three
most frequent ABCB1 gene polymorphisms in the Caucasian
population are the synonymous SNPs 1236C4T (rs1128503) in
exon 12 and 3435C4T (rs1045642) in exon 26, as well as the non-

synonymous SNP 2677G4T/A (rs2032582) in exon 21, which
results in the amino acid substitution Ser893Ala or Ser893Thr.
Overexpression and functional drug efflux of P-gp have been

associated with poorer treatment outcome in AML, and numerous
studies have confirmed that P-gp expression is an adverse
prognostic factor for CR and survival in adult patients,8–17 though
in pediatric patients this effect remains unclear.18,19 Genetic
polymorphisms in ABC genes that affect the level of expression or
function of these transporters could be associated with toxicity
and survival in AML patients, because of decreased efflux from
both somatic cells and AML cells. Different reports have indicated
that the 3435C4T variant results in decreased levels of mRNA
expression and P-gp activity.20–23 However, this effect has been
controversial in other studies, especially in Asian populations.24–28

Similar results have been reported for 2677G4T/A.29,30 A recent
meta-analysis that investigated ABCB1 mRNA expression and
response to therapy in AML associated mRNA overexpression
to lower CR, especially in patients with anthracycline-based
chemotherapy and Asian ethnicity—though with important
heterogeneity in all the results. Nevertheless, the gene variants
(3435C4T, 2677G4T/A and 1236C4T) were not found to be
associated to CR.31

Considering the fact that the existing studies are inconclusive
and meta-analyses published do not evaluate survival rates, we
carried out a meta-analysis of all eligible observational studies to
estimate the effect of the most studied ABCB1 polymorphisms
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(1236C4T, 2677G4T/A or 3536C4T) upon AML treatment and to
quantify the potential heterogeneity between studies. The results
of this meta-analysis will contribute to clarify whether ABCB1 gene
variants can affect overall survival (OS) and CR among treated AML
patients.

MATERIALS AND METHODS
This systematic review was conducted and reported in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines.32

Data sources and search strategy
We searched the MEDLINE, Cochrane Central Register, EMBASE,
LILACS, ProQuest Medical Library, Web of Science and Database of
Abstracts of Reviews of Effects (DARE) without date, language or
status of publication restrictions (last search: 17 February 2014). In
addition, we hand-searched the tables of contents of the main
journals related to the fields of Hematology and Pharmaco-
genetics: Blood, Leukemia, British Journal of Haematology, Journal
of Clinical Oncology, Lancet, Lancet Oncology, Pharmacogenetics
and Genomics, Pharmacogenomics and Pharmacogenomics
Journal. We also reviewed the available abstracts from the
conferences of the American Society of Hematology, the European
Hematology Association and the Spanish Society of Hematology
and Hemotherapy. The reference lists of relevant reviews and
studies were manually searched.
We used similar search terms to search all the registries and

databases: acute myeloid leukemia, cytarabine or idarubicin or
fludarabine, ABCB1 (or MDR1 or P-gp or ABCB1 gene or ABCB1
protein human), polymorphism (or single nucleotide or SNP or
genetic polymorphisms or pharmacogenetics), effectiveness
(or overall survival or disease free survival or survival or event
free survival or relapse free survival or complete remission or
treatment-related mortality or minimal residual disease) and
toxicity (or drug toxicity or adverse drug effect or adverse drug
reaction or drug induced toxicity).

Study selection
We included studies that met the following inclusion criteria:
(i) in vivo studies; (ii) studies involving AML patients subjected to
standard induction therapy (cytarabine and idarubicin or other
anthracyclines, plus fludarabine in case of relapse); (iii) studies
reporting genotype frequencies of ABCB1 polymorphisms
1236C4T, 2677G4T/A or 3536C4T; (iv) studies evaluating the
association between ABCB1 polymorphisms and the effectiveness
or toxicity of chemotherapy. Studies involving patients with a
diagnosis of AML French-American-British (FAB)—subtype M3
(promyelocytic leukemia) were excluded because of different
treatment regimens involved.
Two authors (JM and LR) independently screened the titles and

abstracts identified by the search, and conducted full text
screening according to the study inclusion criteria. Disagreements
were recorded and resolved by a third reviewer (MH).

Data extraction and quality assessment
Two authors extracted data in duplicate from the included studies
using a pilot-tested data extraction sheet. The following informa-
tion was collected: study design characteristics (methodological
quality, publication status, language), baseline characteristics of
the included patients (age, sex, ethnicity, AML status, FAB subtype,
white blood cell count at diagnosis, cytogenetic risk and mutation
status of FMS-related tyrosine kinase 3 internal tandem dupli-
cation (FLT3-ITD) and nucleophosmin (NPM1)), polymorphism
frequencies of the main ABCB1 SNPs (1236C4T, 2677G4T/A,
3435C4T and the Hardy-Weinberg equilibrium), genotyping

method and effectiveness or toxicity outcomes, including mean
OS and/or CR or data to infer these values (for example, Kaplan–
Meier plots or number of events) to calculate the odds ratio (OR)
and 95% confidence interval (95%CI).
We contacted six authors to request missing outcome data, and

obtained relevant additional information for one study. When a
response was not received, we omitted the data (baseline
characteristics) or inferred effectiveness data from the available
information. When none of the necessary data were available, the
study was excluded.

Methodological quality
Two reviewers (JM and LR) independently assessed the metho-
dological quality of the included studies, without needing a third
reviewer to resolve disagreements. The reviewers used the
following criteria:

Selection:

1. Representativeness of exposed individuals in the community.
2. Selection from the same community.
3. Absence of clinical outcomes at the start of the study.
4. Standard method for measurement of effectiveness or toxicity

outcomes.

Comparability:

1. Comparability of both groups on the basis of demographic
characteristics: age, gender.

2. Control of confounding factors: ethnicity, different baseline
pathologies, other therapies (transplantation, radiotherapy,
different induction scheme).

Outcome:

1. Assessment of clinical outcome with bone marrow aspirates or
biopsies.

2. Follow-up long enough for outcomes to occur (at least
24 months for effectiveness and 6 months for toxicity).

3. Adequacy of follow-up of cohorts.

The risk of bias of the included studies was defined by the
number of criteria met: low risk of bias = all criteria were met;
moderate risk of bias = one criterion was not met; and high risk of
bias = two or more criteria were not met.
We evaluated agreement between the two reviewers by using

weighted kappa statistics.

Analysis
We conducted the meta-analysis using the Mantel-Haenszel
method for dichotomic outcomes with fixed effects model. We
repeated the meta-analysis using the random effects model when
heterogeneity was present. Studies with zero total events were
not included in the analysis. The meta-analysis was performed
using RevMan 5.1 software (The Cochrane Collaboration, Nordic
Cochrane Center, Copenhagen, Denmark). The influence of the
studied ABCB1 SNPs (1236C4T, 2677G4T/A, 3435C4T) was
evaluated considering the genetic contrasts of dominant (CC vs
CT/TT for 1236C4T and 3435C4T, GG vs GT/GA/TT/AA for
2677G4T/A) and recessive models (CC/CT vs TT for 1236C4T and
3435C4T, GG/GT/GA vs TT/AA for 2677G4T/A). The outcomes
were reported as the odds ratios of OS and CR and their
corresponding 95% CIs. This parameter was obtained by counting
the number of events (death in OS and non-remission/relapse in
CR) and the total number of patients observed among genotype
groups (dominant or recessive model).
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Heterogeneity was assessed using the chi-squared test and the
I2 statistic. Significant heterogeneity was defined by Po0.1 or
I2450%.
We conducted a subgroup analysis for all the outcomes of the

review based on the following predefined variables: age, sex,
ethnicity, AML status, FAB subtype, white blood cell count at
diagnosis, cytogenetic risk and mutation status. Interaction tests
(chi-squared) were performed to evaluate the differences between
subgroups.
Publication bias was assessed visually by evaluating the

symmetry of the funnel plot of OR (log scale). This evaluation
was complemented by Egger's test, with statistical significance
defined by Po0.1.

RESULTS
Our comprehensive search identified 963 citations from electronic
databases and 17 from other sources. Of the 40 records selec-
ted for full text assessment, only 7 met the inclusion criteria
(Figure 1).26,27,33–37 All included studies were published in English.
The agreement between reviewers for full text screening was
close to 100% (kappa = 0.93).
In four studies, the mean percentage OS rate at some of the

studied timepoints was inferred from the Kaplan–Meier
plots.26,33,36,37

Study and patient characteristics
We included seven cohort studies (1241 patients).26,27,33–37 The
mean age of the included patients was 60.2 years, ranging from
less than 1 to 86 years. Most of the patients were males (56.6%).

The predominant ethnic groups were Caucasian (70.8%) and Asian
(22.6%). Regarding AML status, 92.3% constituted de novo AML
and 7.7% secondary AML. A total of 88.4% of the patients were
classified into FAB subtypes, with a predominant representation of
M2 (40.9%) and M1 (21.0%). Cytogenetic risk was evaluated in
88.4% of the patients: 61% of them had normal cytogenetic
characteristics, while 27.1% had unfavorable ones and 8.5% had
favorable cytogenetic risk. The mutation status was only evaluated
in three studies27,33,35 for FLT-ITD (31% of the total patients, 29.7%
with the mutation) and in one study for NPM1.33

Most studies showed all genotype distributions in accordance
with the expectations of the Hardy–Weinberg equilibrium, except
two studies.36,37 The genotyping method used consisted of PCR-
restriction fragment length polymorphism in four studies,27,35–37

whereas different methods with previous PCR were used in the
other three studies.26,33,34 The baseline characteristics and clinical
outcomes for each study regarding 1236C4T, 2677G4T/A, and
3435C4T genotypes are listed in Table 1.
Toxicity was only evaluated in two studies,34,37 with no

significant associations between the allelic variants and the
maximum grade of such adverse events. Toxicity could not be
evaluated in our meta-analysis because of insufficient information.
Subgroup analyses were conducted for OS and CR based on the

ethnic origin of the patients. We did not analyze other predefined
variables (age, sex, AML status, FAB subtype, white blood cell
count at diagnosis, cytogenetic risk and mutation status), because
the information in the studies was very limited, and such data
were rarely associated to the genotype frequencies (only partially
so in three studies26,35,37).

Risk of bias
Among the evaluated studies, two met all nine criteria and were
consequently categorized as presenting a low risk of bias.36,37

Three studies met eight criteria (intermediate risk of bias)27,33,34

and two met seven criteria (high risk of bias)26,35 (Table 2). The
level of agreement between the reviewers in assessing the risk of
bias was high (kappa = 0.83).

Meta-analysis
We analyzed OS of the different genotypes with dominant and
recessive models, with fixed effects, and only recorded significant
results with the dominant model (Table 3). The same happened
with the Caucasian patient subgroup. We found no significant
results for CR using both analytical models (Table 4). The random
effects model was only used when the heterogeneity level
was high.

OS for 1236C4T
Five studies analyzed OS for 1236C4T polymorphism (925
patients) (Table 1).26,33,34,36,37 We evaluated OS at 4 years and
calculated OR and 95% CI. We estimated OS at 4 years using
the Kaplan–Meier plots in two studies that calculated OS at
5 years.36,37 These two studies did not censure the time from
transplantation in the survival analysis, in contrast to the other
three studies.26,33,34

Evidence was observed suggesting that the presence of allele T
is associated to increased OS. The dominant model obtained
statistical significance (OR: 1.47, 95% CI: 1.07–2.01, I2: 62%;
Figure 2), though significant heterogeneity was detected using
the fixed effect model. In a post hoc sensitivity analysis, we
excluded the study of Scheiner et al.36 because of the divergent
results obtained, and the new pooled estimate was consistent
with an increase in OS among patients with allele T (OR: 1.62, 95%
CI: 1.16–2.25, I2: 44%).
The analysis of bias in the publications yielded significant

findings in the funnel plot, again because of the study of ScheinerFigure 1. Summary of evidence search and selection.
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Table 1. Characteristics of the studies included in the meta-analysis for ABCB1 polymorphism

Study n Age (range) Sex: male/
female
(%)

Ethnia HWE Genotype frequencies (%)
of 1236C4T, 2677G4T/A

and 3435C4T

AML status (%) WBC count 109
per liter (range)

FAB subtype Cytogenetic risk (%) Mutation
status

Chemo-
therapy
scheme

Clinical
outcome

HS HET HM De novo Secondary Fav Normal Unfav NR

Green
et al.33

100 63 (20–85) 52/48 Caucasian Yes 34 44 22 100 0 NR NR 0 100 0 0 Reported Ara C
+ANT or
MIT +/or
Others

OS at
4 years

31 43/2/2 22
19 47 34

Hampras
et al.34

261 61,5 (20–85) 52/48 Caucasian
(86%)

Others (14%)

Yes 36.4 48.7 14.9 75 25 86% o100.000
14% 4100.000

Reported 7 50 43 0 NR Ara C
+ANT

OSa

39.8 45.6 14.6
30.3 44.4 25.3

Hur et al.35 200 44 (NR) 63,5/36,5 Asian Yes NR NR NR 100 0 42± 60 Reported 17,5 60 20,5 2 Reported Ara C
+ANT

OS at
5 years
and CR

NR NR NR
35.5 46.5 18.0

Illmer
et al.26

405 53 (17–78) NR Caucasian Yes 36.7 45.4 17.7 100 0 NR Reported 5.4 66.2 24 4.4 NR Ara C+
MIT+ETOP
+AMSA

OS at
4 years
and CR

34.7 48.3 17.5
22.7 32.3 14.1

Kim et al.27 81 39 (15–72) 54/46 Asian Yes NR NR NR 100 0 40.8± 6.3 Reported 23 62 15 0 Reported Ara C+IDA OS at
3 years
and CR

25.9 34.6/9.9/13.6 13.6/2.5
39.5 48.1 12.3

Scheiner
et al.36

109b 34 (o1–86) 59.6/40.4 Others:
White
(69,7%)

Non-white
(30,3%)c

No 38.8 50.5 10.7 72.5 18.3 32.5 (0.22–660) Reported NR NR NR NR NR Ara C+IDA OS at
5 years

NR NR NR
24.3 60.2 15.5

Van der
Holt et al.37

150d 67 (60–85) 57/43 Caucasian Yese 42 30 28 79 21 18.8 (0.8–389) Reported NR NR 23 77 NR Ara C
+DAUNO

OS at
5 years
and CR

41 32 27
28 34 38

Abbreviations: AML, acute myeloid leukemia; AMSA, amsacrine; ANT, anthracycline; CR, complete remission; DAUNO, daunorubicin; ETOP, etoposide; FAB, French-American-British; Fav, favorable; HET,
heterozygous; HM, homozygous mutant; HS, homozygous wild-type; HWE, Hardy–Weinberg equilibrium; IDA, idarubicin; MIT, mitoxantrone; NR, not reported; OS, overall survival; Unfav, unfavorable; WBC, white
blood cell. aTime is not defined in the original article.34 According to their results, the OS data were imputed this OS to 3 and 4–5 years. bAllele frequency only reported in 103 patients and treatment outcomes
only in 44 patients (AML M3 subtype, secondary AML and patients with comorbidities or poor performance status were excluded). cEthnia: because of the marked heterogeneity of the Brazilian population, the
patients were classified as whites or non-whites. We classified these patients in a different group named ‘others’. dAllele frequency and treatment outcomes only reported in 115 patients for 1236C4T, 142
patients for 2677G4T/A and 130 patients for 3435C4T. eIn accordance with HWE, except for 3435C4T genotypes.
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et al.,36 which fell slightly outside the funnel, and in Egger’s test
(P= 0.06).

OS for 2677G4T/A
Five of the included studies analyzed OS regarding 2677G4T/A
polymorphism (Table 1), with the inclusion of a total of 989
patients.26,27,33,34,37 We evaluated OS at 3 or 4 years and calculated
OR and 95% CI. In one study, OS at 4 years was estimated using the
Kaplan–Meier plot of OS at 4 years.37 This study was the only
publication that did not censure the time from transplantation in
the survival analysis. Our results demonstrated an effect of
2677G4T/A in OS with the dominant model (OR: 1.37, 95% CI:
1.01–1.86, I2: 33%) (Figure 3). No asymmetry was observed in the
funnel plot. The P-value for Egger’s test was nonsignificant (P=0.13).

OS for 3435C4T
Seven studies analyzed OS for 3435C4T polymorphism (Table 1),
involving a total of 1221 patients.26,27,33–37 OS was evaluated at 3
years and at 4 or 5 years. In turn, OS was estimated at 3 years
using the Kaplan–Meier plots in four studies that calculated OS
at 4 or 5 years,26,33,36,37 but this was not necessary for OS at 4 or
5 years. Three studies did not censure the time from transplanta-
tion in the survival analysis.35–37

The pooled effect estimate suggested a higher survival at
3 years in T allele carriers (6 studies, 1021 patients26,27,33,34,36,37)
that proved statistically significant in the dominant model (OR:
1.41, 95% CI: 1.03–1.94, I2: 8%) (Figure 4). Likewise, we observed
significantly greater survival associated to the variant in OS at 4 or
5 years (6 studies, 1140 patients26,33–37), using the dominant
model (OR: 1.42, 95% CI: 1.05–1.91, I2: 17%) (Figure 5).
No asymmetry was observed in the funnel plot for OS at 3 and

4–5 years. The P-value for Egger’s test was nonsignificant.

CR for 1236C4T
Only two studies evaluated CR regarding 1236C4T polymor-
phism,26,37 with a total of 520 patients, all of which were
Caucasians. The pooled effect estimate showed no association
between CR and 1236C4T polymorphism for either the dominant
model (OR: 1.33, 95% CI: 0.93–1.90, I2: 0%) (Figure 6) or the
recessive model (OR: 1.12, 95% CI: 0.72–1.74, I2: 52%).

CR for 2677G4T/A
Three studies measured CR for 2677G4T/A polymorphism,26,27,37

with a total of 628 patients (two studies in Caucasians and one in
an Asian population). The pooled estimate showed no association
between CR and 2677G4T/A polymorphism for either the
dominant model (OR: 1.05, 95% CI: 0.75–1.47, I2: 74%) (Figure 7)
or the recessive model (OR: 1.37, 95% CI: 0.91–2.07, I2: 0%).
The analysis of publication bias yielded significant findings in

the funnel plot (Kim et al.27 fell slightly outside the funnel) and in
Egger’s test (P= 0.11).

CR for 3435C4T
Four studies evaluated CR for 3435C4T polymorphism,26,27,35,37

with a total of 816 patients (two studies in Caucasians and two in
Asian patients). We found no significant association between CR
and this SNP for either the dominant model (OR: 1.03, 95% CI:
0.75–1.41, I2: 63%) (Figure 8) or the recessive model (OR: 1.03, 95%
CI: 0.73–1.44, I2: 0%).
We found asymmetry in publication bias (P-value for Egger’s

test P= 0.05).

SUBGROUP ANALYSIS
OS: we found an interaction for ethnicity at 3 years for 3435C4T,
at 4 years for 1236C4T and at 4–5 years for 2677G4T/A andTa
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3435C4T. Caucasian participants carrying the T allele showed
significantly greater OS (3 years 3435C4T, OR: 1.44, 95% CI: 1.02–
2.04, I2: 43%; 4 years 1236C4T: 1.62, 95% CI: 1.16–2.25, I2: 44%;
4–5 years 2677G4T/A: 1.39 95% CI: 1.01–1.91, I2: 49%; 4–5 years
3435C4T: 1.41, 95% CI: 1.03–2.10, I2: 43%, respectively).
We found no significant correlations regarding CR.

Sensitivity analyses
No significant differences were found after excluding outlier
studies in the OS analysis of 1236C4T36 and in the CR analysis of

2677G4T/A and 3435C4T,27 thus indicating robustness and
reliability of the results. No significant discrepancies were found
when estimates of the pooled effects were obtained using fixed or
random effect models.

DISCUSSION
The findings of this meta-analysis suggest that ABCB1 polymorph-
isms in AML probably influence the effectiveness of standard
chemotherapy, specifically in relation to OS where the variants
might have a positive effect because of lesser P-gp expression.
The pooled effect estimate indicated that the variant allele of all
three studied ABCB1 SNPs significantly increased OS using the
dominant model. This effect was more evident in Caucasian
patients at 3 years for 3435C4T, at 4 years for 1236C4T and at 4–
5 years for 2677G4T/A and 3435C4T. We found significant
heterogeneity in our analysis for 1236C4T, which was attributable
to a single study.36 This was the only publication mixing adults
and children, and was carried out in a Brazilian population,
characterized by different variant frequencies compared with
Caucasians, and with high ethnic diversity. When this study was
excluded in the post hoc sensitivity analysis, the heterogeneity
disappeared and the new pooled estimate was consistent with an
increased risk of OS among allele T carriers.
We observed no significant effect in relation to CR, maybe

because the number of studies was smaller than in reference to
OS. A previous meta-analysis likewise recorded no significant
association between CR and these three polymorphisms using the
generalized OR, a genetic model-free approach and the genetic
models (recessive and dominant).31 The studies included were the
same, and the results obtained were similar to those of our own
meta-analysis. Our data showed a tendency towards greater CR
when variant allele in 1236C4T and 2677G4T/A is present.
Previous studies showed the overexpression of P-gp to be
associated to lower OS11–16,26 and CR.9–14,16,17,37 The three variants
of ABCB1 SNPs investigated in the present study result in a
decrease in ABCB1 expression,20–23 and theoretically should
increase OS and CR, in agreement with our results and those of
another study.33 However, two studies reported a decreased
expression of P-gp with wild-type genotypes,26,27 and better
outcomes in one of them.27

Toxicity was one of the outcomes which we planned to evaluate
in this meta-analysis, but the limited published data precluded
such evaluation. We found only two studies that analyzed
associations between toxicity and ABCB1 polymorphisms,34,37

and no significant results were obtained.
The subgroup analysis according to ethnic origin yielded

different results in Caucasian and Asian populations referred to
some outcomes—particularly CR. Caucasian and Asian popula-
tions have different genotype frequencies (Hapmap project), but
we also detected a different effect of these SNPs upon AML
outcomes. We detected lower CR with variant allele in Asian
populations on studying genotypes 2677G4T/AA and 3435C4T.
Similar results were obtained in relation to OS at 3 years for
3435C4T using the recessive model. However, we did not
observe great changes in OS on considering 2677G4T/A. The
reason might be that different genetic backgrounds and
differences in the environment existed among different ethnicities
and individuals. The literature reports different P-gp expression in
these populations in 3435C4T polymorphism, with a higher
expression of mRNA in duodenal enterocytes of healthy Japanese
subjects with the TT genotype,25,28 and the opposite effect in
Caucasians.20–23 Some authors postulate that ethnic differences
between Caucasians and Asians can be explained by differential
ABCB1 expression including transcriptional initiation and RNA
maturation, or by a possible relationship between 3435C4T and
different haplotypes, depending on whether the subjects are
Caucasian or Asian.25,27,28 These differences in ABCB1 expression

Table 3. Summary of ORs with 95% CIs for ordinary genetic contrasts
of the association between the ABCB1 1236C4T, 2677G4T/A and
3435C4T polymorphisms and overall survival with fixed effects

Contrast Overall
subgroup

n OR (95% CI) I2 (%) Pa

OS at 4 years with 1236C4T
CC vs CT/TT All studies 925 1.47 (1.07–2.01) 62%b 0.02
CC/CT vs TT All studies 925 1.09 (0.74–1.60) 15% 0.66

OS at 3–4 years with 2677G4T/A
GG vs GT/TT All studies 989 1.37 (1.01–1.86) 33% 0.04
GG/GT vs TT All studies 989 1.11 (0.78–1.60) 28% 0.55

OS at 3 years with 3435C4T
CC vs CT/TT All studies 1021 1.41 (1.03–1.94) 8% 0.03
CC/CT vs TT All studies 1021 1.25 (0.92–1.71) 12% 0.16

OS at 4–5 years with 3435C4T
CC vs CT/TT All studies 1140 1.42 (1.05–1.91) 17% 0.02
CC/CT vs TT All studies 1140 1.22 (0.91–1.65) 0% 0.18

Abbreviations: CI, confidence interval; OR, odds ratio; OS, overall survival.
aP value of test of overall effect. bSignificant heterogeneity using the fixed-
effect model. We calculated with random effects (OR: 1.41, 95% CI: 0.75–
2.65, I2: 62%, P= 0.28). In a post-hoc sensitivity analysis, we excluded the
study of Scheiner et al.35 in order to the divergent results, and we obtained
an acceptable heterogeneity with fixed effects (OR: 1.62, 95% CI: 1.16–2.25,
I2: 44%, P= 0.004).

Table 4. Summary of ORs with 95% CIs for ordinary genetic contrasts
of the association between the ABCB1 1236C4T, 2677G4T/A and
3435C4T polymorphisms and complete remission with fixed effects

Contrast Overall subgroup n OR (95% CI) I2 (%) Pa

CR with 1236C4T
CC vs CT/TT All studies 520 1.33 (0.93–1.90) 0% 0.12
CC/CT vs TT All studies 520 1.12 (0.72–1.74) 52%b 0.61

CR with 2677G4T/A
GG vs GT/TT All studies 628 1.05 (0.75–1.47) 74%c 0.78
GG/GT vs TT All studies 628 1.37 (0.91–2.07) 0% 0.13

CR with 3435C4T
CC vs CT/TT All studies 816 1.03 (0.75–1.41) 63%d 0.87
CC/CT vs TT All studies 816 1.03 (0.73–1.44) 0% 0.89

Abbreviations: CI, confidence interval; CR, complete remission; OR,
odds ratio. aP value of test of overall effect. bSignificant heterogeneity
using the fixed-effect model. We calculated with random effects (OR: 1.04,
95% CI: 0.52–2.06, I2: 52%, P= 0.92). cSignificant heterogeneity using the
fixed-effect model. We calculated with random effects (OR: 0.78, 95% CI:
0.33–1.84, I2: 74%, P= 0.57). dSignificant heterogeneity using the fixed-
effect model. We calculated with random effects (OR: 0.86, 95% CI:
0.47–1.56, I2: 63%, P= 0.62).
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Figure 2. Overall survival at 4 years for 1236C4T (dominant model CC vs CT/TT).

Figure 3. Overall survival at 3–4 years for 2677G4T/A (dominant model GG vs GT/TT).

Figure 4. Overall survival at 3 years for 3435C4T (dominant model CC vs CT/TT).

Figure 5. Overall survival at 4–5 years for 3435C4T (dominant model CC vs CT/TT).
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between healthy Caucasian29 and Asian30 volunteers were also
observed regarding G2677. The effect of 1236C4T polymorphism
in Asian populations was not reported in the included studies.
Another factor that could explain the variability of the results of

the different studies is the difference in drugs used in relation to
induction therapy. One of the main chemotherapy agents used
in all of the studies was cytarabine, which is not a P-gp substrate.
On the other hand, anthracyclines are a well-known substrate
for P-gp, which exhibits a greater efflux effect with classical
anthracyclines such as doxorubicin or daunorubicin than with
others such as idarubicin. In this regard, the latter drug is a highly
lipophilic substance and seems to be a weak substrate for P-gp—
though this point is controversial.38–40 The two studies that used
cytarabine with idarubicin as induction therapy obtained greater
heterogeneity in the results.27,36

Heterogeneity is a potential problem when interpreting the
results of all meta-analyses. In our case, significant heterogeneity
was detected in one of our statistically significant results (OS
analysis of 1236C4T with the dominant model), attributable to a
single study36 that combined non-Caucasian children and adults.
When this study was excluded in the post hoc sensitivity analysis,

the heterogeneity decreased. The other three cases corresponded
to CR analysis, in which we had a small number of studies with
divergent results in Caucasian and Asian patients. This explains the
changes in the results on recalculating OR using the random
effects model in genotypes G2627T/A and 3435C4T (with similar
results in 1236C4T). Such heterogeneity decreased on analyzing
only the Caucasian subgroup of patients in all of the outcomes.
Some limitations of this meta-analysis should be addressed.

Firstly, AML is a complex disease with a multifactorial etiology, and
the role of drug efflux pumps in relation to AML outcomes is not
fully understood. Secondly, our results are based on non-adjusted
estimates, whereas a more precise analysis should be conducted if
more detailed individual data were available, such as OS at the
same timepoints or censuring the time from transplantation in the
survival analysis in all the studies. Thirdly, we found that the geno-
type distributions were not in agreement with Hardy–Weinberg
equilibrium in two studies.35,36 On the other hand, regarding the
subgroup analysis according to ethnicity, the Caucasian race was
the only group with enough patients to allow an evaluation of
effectiveness, in contrast to the other groups. Lastly, subgroup
analyses referred to other variables (age, sex, AML status, FAB

Figure 6. Complete remission for 1236C4T (dominant model CC vs CT/TT).

Figure 7. Complete remission for 2677G4T/A (dominant model GG vs GT/TT).

Figure 8. Complete remission for 3435C4T (dominant model CC vs CT/TT).
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subtype and so on) were not performed in our work because of
insufficient available data in the primary studies. The inclusion of
studies in adult and pediatric patients could influence the results
obtained, nevertheless, we found no significant differences
after exclusion of the only one study that evaluated pediatric
patients.36

The strength of our meta-analysis lies in the comprehensive
literature search strategies, using inclusive criteria and appropriate
statistical analyses of the main AML outcomes. ABCB1 has been
previously meta-analyzed in other contexts such as cancer risk,41

leukemia risk42,43 or mRNA expression and CR,31 but not in relation
to AML survival. Our results confirm that ABCB1 polymorphisms
are not associated to CR, as in the previous meta-analysis,31 and
for the first time, OS is associated to these gene variants. Finally,
we tested the robustness of our results using several sensitivity
analyses.
In conclusion, this meta-analysis found a significant association

between the three ABCB1 polymorphisms evaluated and OS,
especially among Caucasian populations. The polymorphisms
showed no association to CR. Future studies based on larger
populations and involving different age and ethnic groups should
help clarify the effect these SNPs upon AML outcomes. Moreover,
further studies addressing gene-gene and gene-environment
interactions may help us to understand the role of ABCB1
polymorphisms in relation to the effectiveness of chemotherapy.
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