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ABSTRACT. Our study aimed to investigate the association between 
multidrug resistance (MDR1) gene polymorphisms and the response to 
imatinib (IM) in chronic myeloid leukemia (CML). An electronic databases 
in PubMed, Cochrane Library, Wanfang, China National Knowledge 
Infrastructure, and VIP were searched using combinations of keywords 
relating to MDR1 polymorphisms and the response to IM in CML. Studies 
retrieved from database searches were screened using stringent inclusion 
and exclusion criteria. The Comprehensive Meta-analysis 2.0 software 
was utilized for all statistical analyses. In total, 186 studies were initially 
retrieved, and 10 studies, involving 987 CML patients, were eventually 
included in this meta-analysis. Results of our study revealed no significant 
associations between MDR1 rs1045642, rs1128503, and rs2032582 
polymorphisms and major molecular response and complete molecular 
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response in CML patients. Significant differences were observed in 
the genotype frequencies of MDR1 rs1128503 under homozygous, 
heterozygous, and recessive models, between CML patients sensitive and 
resistant to IM. A significant difference in genotype frequencies of MDR1 
rs2032582 was also observed under allele, homozygous, heterozygous, 
and recessive models between CML patients sensitive and resistant to 
IM. In conclusion, based on our meta-analysis, the MDR1 polymorphisms, 
rs1045642, rs1128503, and rs2032582, are not directly correlated with the 
curative effect of IM treatment of CML patients.
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INTRODUCTION

Chronic myeloid leukemia (CML) is a clonal myeloproliferative neoplasm characterized 
by excessive accumulation of apparently normal myeloid cells, leading to the expansion of 
hematopoietic cells carrying the oncogenic break point cluster region-abelson (BCR-ABL) fusion 
gene that encodes the active BCR-ABL protein tyrosine kinase (Della Peruta et al., 2010; Kantarjian 
et al., 2011). CML occurs at an incidence rate of 1-2 cases per 100,000 adults and accounts 
for approximately 15% of newly diagnosed cases of leukemia in adults, with an estimated 5920 
new cases and 610 deaths in the US in 2013 (Jabbour and Kantarjian, 2012; Soverini et al., 
2014). In the West, the median age of onset is 50-60 years, which reflects the average age of 
the population (Perrotti et al., 2010). Central to the pathogenesis of CML is the fusion of the ABL 
gene on chromosome 9 with the BCR gene on chromosome 22, which results in expression of 
the oncoprotein, BCR-ABL (Jabbour and Kantarjian, 2012). CML develops from a hematopoietic 
stem cell and displays multilineage differentiation potential (Hurtz et al., 2011). The natural history 
of CML comprises 3 distinct phases: initial chronic phase (CP), intermediate accelerated phase 
(AP), and terminal blast phase (BP) (Pavey et al., 2012). Nearly 90% of patients present with CML 
in CP, which is a relatively slowly progressing stage featured by well-differentiated leukemic cells 
(Jabbour et al., 2011). Tyrosine kinase inhibitor therapy targeting BCR-ABL1 kinase is extremely 
effective against CML (O’Hare et al., 2012).

Imatinib (IM) is a selective small molecule inhibitor of tyrosine kinase activity of the BCR-
ABL fusion protein that is prescribed to treat gastrointestinal stromal tumors and is now a frontline 
therapy for CML (Ni et al., 2011; Seong et al., 2013). In IM therapy, IM inhibits BCR-ABL1 from 
phosphorylating downstream target proteins and blocks the signaling cascade necessary for CML 
development (Vivona et al., 2014). IM has significantly improved the long-term survival rates and 
clinical responses in CML patients, but suboptimal responses and treatment failures have also 
been observed (Jabbour et al., 2009; Seong et al., 2013). Several studies have suggested that 
IM is a substrate for membrane transporters, such as the multidrug resistance protein 1 (MDR1), 
which is also known as the ATP-binding cassette subfamily B member 1 (ABCB1) or P-glycoprotein 
(P-gp) (Bilgi et al., 2010; Giannoudis et al., 2014). MDR1 is located on the 7q21.1 chromosome 
and encodes a glycoprotein of 170 kDa (P-gp and MDR1) (Bodor et al., 2005). Recently, genetic 
variations of MDR1, including more than 50 polymorphisms, have been extensively studied, and 
among these polymorphisms, rs1128503, rs1045642, and rs2032582 are the most widely studied 
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polymorphisms (Kurzawski et al., 2006). Although specific genotypes of genes involved in IM 
bioavailability seem to affect the function of the relative protein, there is still controversy regarding 
the role of MDR1 genetic variations in the response to IM therapy in patients with CML (Maffioli et 
al., 2011). While some studies have suggested that MDR1 genetic variations influence response 
to IM therapy in CML patients (Deenik et al., 2010; Seong et al., 2013; Vivona et al., 2012, 2014), 
another study failed to find this correlation (Au et al., 2014). Moreover, few studies have focused 
on MDR1 and its relation with the clinical features or treatment responses in CML (Vasconcelos et 
al., 2011). Hence, we conducted a meta-analysis to further investigate the associations between 
MDR1 polymorphisms and response to IM in patients with CML.

MATERIAL AND METHODS

Literature search strategy

We performed a comprehensive literature search for relevant studies publishedprior to 
October 2014 using the electronic databases of PubMed, Cochrane Library, Wanfang, China 
National Knowledge Infrastructure, and VIP. The following terms were used in the searches: 
multidrug resistance 1, MDR1, ABCB1, multidrug resistant gene, chronic myelocytic leukemia, 
imatinib, glivec, imatinib mesylate, imatinib methanesulfonate, and imatinib methanesulfonate.

Selection criteria

Eligible studies met the following inclusion criteria: 1) the study type had to be a case-
control, 2) the study subjects had to be pathology-verified CML patients, 3) patients were treated 
with IM (300-800 mg/day), 4) the end outcomes included major molecular response (MMR), 
complete molecular response (CMR), and frequencies of MDR1 gene. The exclusion criteria were 
as follows: 1) the study type was a review, letter or non-human study, 2) the study was unrelated to 
our research topics, 3) lack of data integrity, 4) it was non-English or non-Chinese study, 5) papers 
repeatedly published by the same authors.

Data extraction and quality evaluation

Two investigators independently carried out data extraction based on a predefined form. 
The main information extracted included: first author, publication time, country, language, ethnicity, 
therapy, number of patients, age, gender, treatment time, and genotyping method. Any disputes 
during the data extraction process were resolved through discussion with the multiple investigators. 
The quality evaluation of studies included was performed by more than two investigators using 
Methodological Index for Non-Randomized Studies (MINORS) criteria (Slim et al., 2003). MINORS 
is a validated scoring tool for non-randomized studies including a 12-item assessment with each 
item being scored from 0 to 2. Items 1 to 8 were specified for non-comparative studies with an ideal 
score of 16 points and items 1 to 12 were applicable for comparative studies with an ideal score of 
24 points. The specific 12 criteria were shown as follow: clearly stated aim (MINORS01), inclusion 
of consecutive patients (MINORS02), prospective collection of data (MINORS03), endpoints 
appropriate for aim (MINORS04), unbiased assessment of endpoint (MINORS05), appropriate 
follow-up period (MINORS06), loss to follow-up <5% (MINORS07), prospective calculation of study 
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size (MINORS08), an adequate control group (MINORS09), contemporary groups (MINORS10), 
baseline equivalence of groups (MINORS11), adequate statistical analyses (MINORS12).

Statistical methods

All the meta-analyses were performed using Comprehensive Meta-analysis version 
2 (Biostat Inc., Englewood, NJ, USA). To evaluate studies investigating the association between 
MDR1 polymorphisms and response to IM in CML patients, the odds ratio (OR) with 95% confidence 
interval (CI) was used. A Z test was employed to detect the significance of overall effect size (Chen 
et al., 2012), and forest plots were drawn to display values of OR at 95%CI for the case and control 
groups. Heterogeneity among studies was evaluated by the Cochran’s Q-statistic (a P < 0.05 was 
considered having evident heterogeneity) and I2 test, which is the percentage of total variation across 
studies ranging from 0 to 100% (Peters et al., 2006; Jackson et al., 2012). A random-effect model 
was applied if there was significant heterogeneity (P < 0.05 or I2 > 50%), otherwise, a fixed-effect 
model was employed (Zintzaras and Ioannidis, 2005). One-way sensitivity analysis was performed 
to evaluate whether the removal of one single study would have influences on the overall outcomes. 
The publication bias, which assesses the reliability of the results, was evaluated by funnel plot, Egger 
test (Egger et al., 1997; Sterne and Egger, 2001), and classic fail-safe N (Wikstrom et al., 2009). All 
tests were two-sided, and P < 0.05 indicated a significant difference.

RESULTS

Literature search results and baseline characteristics of the studies included

In total, 186 articles were initially identified. After excluding duplicates (N = 8), animal 
studies (N = 5), letters, reviews, meta-analyses (N = 4), and non-English or non-Chinese studies 
(N = 10), 159 papers remained. A further screening process excluded studies that were not case-
control (N = 30), studies not relevant to IM (N = 48), studies unrelated to ABCB1 or MDR1 (N = 41), 
weakly correlated data in studies (N = 14), insufficient information in studies (N = 16). At the end 
of the selection process, a total of 10 articles, published between 2008 and 2014, and including 
987 patients with CML, were finally selected for meta-analysis (Dulucq et al., 2008; Deenik et al., 
2010; Kim et al., 2010; Marin et al., 2010; Takahashi et al., 2010; Ni et al., 2011; Elghannam et al., 
2013; Seong et al., 2013; Au et al., 2014; Vivona et al., 2014). Of the 10 studies, 1 was performed in 
Africans, 4 were performed in Asians, and 5 in Caucasians. All patients enrolled were treated with 
IM (300-800 mg/day). Genotyping methods used were qPCR, PCR-RFLP, RT-PCR, MassARRAY, 
or TaqMan Assay. The baseline characteristics and the quality evaluation of the studies included 
are displayed in Table 1 and Figure 1, respectively.

Association between MMR to IM in CML patients and MDR1 polymorphisms

A test revealed that no heterogeneity existed across the gene frequencies of CML patients 
with MMR and non-MMR under allele, dominant, and heterozygous models (allele model: P = 0.15, 
I2 = 47.8%, dominant model: P = 0.332, I2 = 10.5%, heterozygous model: P = 0.15, I2 = 49.5%); 
therefore, a fixed-effect model was used. However, there was heterogeneity under homozygous 
and recessive models (homozygous model: P = 0.009, I2 = 51.4%; recessive model: P = 0.008, I2 
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= 52.3%), and thus a random-effect model was applied. Results of this meta-analysis suggested 
that there was no significant association between the MDR1 rs1128503, rs1045642 and rs2032582 
and MMR of CML patients (rs1045642 allele model: OR = 0.917, 95%CI = 0.703-1.195, P = 0.520, 
rs1128503 allele model: OR = 1.043, 95%CI = 0.817-1.331, P = 0.737, rs2032582 allele model: 
OR = 1.167, 95%CI = 0.910-1.496, P = 0.223, rs1045642 dominant model: OR = 1.005, 95%CI 
= 0.657-1.536, P = 0.983, rs1128503 dominant model: OR = 1.102, 95%CI = 0.761-1.596, P = 
0.608, rs2032582 dominant model: OR = 1.029, 95%CI = 0.677-1.562, P = 0.894, rs1045642 
homozygous model: OR = 0.780, 95%CI = 0.360-1.689, P = 0.529, rs1128503 homozygous model: 
OR = 1.110, 95%CI = 0.418-2.943, P = 0.834, rs2032582 homozygous model: OR = 1.391, 95%CI 
= 0.605-3.197, P = 0.438, rs1045642 heterozygous model: OR = 1.216, 95%CI = 0.728-2.033, P = 
0.455, rs1128503 heterozygous model: OR = 0.822, 95%CI = 0.350-1.926, P = 0.651, rs2032582 
heterozygous model: OR = 0.623, 95%CI = 0.275-1.410, P = 0.256, rs1045642 recessive model: 
OR = 0.817, 95%CI = 0.499-1.337, P = 0.422, rs1128503 recessive model: OR = 1.215, 95%CI = 
0.557-2.654, P = 0.624, rs2032582 recessive model: OR = 1.473, 95%CI = 0.694-3.126, P = 0.313) 
(Figure 2A and B and Table 2).

M = male; F = female; IM = imatinib; SNP = single nucleotide polymorphism; MMR = major molecular response; CMR 
= complete molecular response; CCyR = complete cytogenetic response; qPCR = quantitative polymerase chain 
reaction; PCR-RFLP = polymerase chain reaction-restriction fragment length polymorphism; RT-PCR = real-time 
quantitative reverse transcription PCR; NA = not available.

First author	 Country	 Number 	 Age (years)	 Gender (M/F)	 Therapy	 Treatment time 	 Response criteria	 Genotyping method	 SNP

Vivona (2014)	 Brazil	   28	 52.8 (30-68)	 -	 IM 400 mg/day	 60 months	 MMR/CMR	 qPCR	 rs1128503
Au (2014)	 Malaysia	 215	 41.5 (11-78)	   106/109	 IM 400 mg/day	 6 months	 MMR/Responsive	 PCR-RFLP	 rs1128503 =
									         rs1045642 =
									         rs2032582
Seong (2013)	 Korea	   82	   50 (17-79)	   58/24	 IM 400 mg/day	 6 months	 MMR/CCyR	 RT-PCR	 rs1128503 =
									         rs1045642
Elghannam (2013)	 Egypt	   96	 44.4 ± 12.4	   54/42	 IM 400-600 mg/day	 3-18 months	 MMR/CMR/CCyR/	 RT-PCR	 rs2032582
							       Responsive
Ni (2011)	 China	   52	   44 (18-76)	   33/19	 IM 400 mg/day	 12 months	 Responsive	 PCR-RFLP	 rs1128503 =
									         rs1045642 =
									         rs2032582
Takahashi (2010)	 Japan	   67	 57.8 (20-81)	   37/30	 IM 300-400 mg/day	 NA	 MMR	 PCR-RFLP	 rs1045642 =
									         rs2032582
Marin (2010)	 UK	   87	 45.4 (20-86)	   49/38	 IM 400 mg/day	 59.7 months	 MMR/CMR	 RT-PCR	 rs1128503
Kim (2010)	 Canada	 229	 52.5 (20-75)	 134/95	 IM 400-800 mg/day	 12-18 months	 MMR/CMR	 MassARRAY	 rs1128503 =
									         rs1045642 =
									         rs2032582
Deenik (2010)	  Nederland	   46	 -	 -	 IM 800 mg/day	 12 months	 MMR/CMR	 TaqManAssay	 rs1128503 =
									         rs1045642 =
									         rs2032582
Dulucq (2008)	  France	   85	 52.4 ± 14.3	   53/32	 IM 400 mg/day	 12 months	 MMR	 RT-PCR	 rs1128503

Table 1. Baseline characteristics of all the studies included in this meta-analysis.

Association between CMR to IM in CML patients and MDR1 polymorphisms

We again found that no heterogeneity existed across the gene frequencies of CML patients 
(allele model: P = 0.398, I2 = 4.47%, dominant model: P = 0.855, I2 = 0.00%, homozygous model: 
P = 0.380, I2 = 6.44%, heterozygous model: P = 0.076, I2 = 43.77%, recessive model: P = 0.194, I2 

= 28.17%), and thus a fixed-effect model was applied. Results of this meta-analysis suggested that 
there was no significant association between the MDR1 rs1128503, rs1045642, and rs2032582 
and CMR of CML patients (rs1045642 allele model: OR = 1.467, 95%CI = 0.807-2.664, P = 0.209, 
rs1128503 allele model: OR = 0.943, 95%CI = 0.681-1.305, P = 0.722, rs2032582 allele model: 
OR = 1.012, 95%CI = 0.670-1.529, P = 0.955, rs1045642 dominant model: OR = 0.777, 95%CI 



14972J.L. Wang et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (4): 14967-14978 (2015)

Figure 1. Evaluation of the methodological quality of all the enrolled studies via methodological index for non-
randomized studies.

Gene model				    MMR vs Non-MMR			   CMR vs Non-CMR		              Resistant vs Responsive

			   OR	 95%CI	 P	 OR	 95%CI	 P	 OR	 95%CI	 P

M allele vs W allele (Allele model)	 SNP	 rs1045642	 0.917 	 0.703-1.195	 0.520 	 1.467 	 0.807-2.664	 0.209 	 1.586 	 0.515-4.877	 0.421
		  rs1128503	 1.043 	 0.817-1.331	 0.737 	 0.943 	 0.681-1.305	 0.722 	 2.411 	 0.982-5.921	 0.055
		  rs2032582	 1.167 	 0.910-1.496	 0.223 	 1.012 	 0.670-1.529	 0.955 	 0.637 	 0.474-0.855	 0.003

WM + MM vs WW (Dominant model)	 SNP	 rs1045642	 1.005 	 0.657-1.536	 0.983 	 0.777 	 0.294-2.055	 0.611 	 1.712 	 0.325-9.019	 0.526
		  rs1128503	 1.102 	 0.761-1.596	 0.608 	 0.862 	 0.525-1.417	 0.559 	 2.113 	  0.945-4.724	 0.068
		  rs2032582	 1.029 	 0.677-1.562	 0.894 	 0.799 	 0.427-1.495	 0.483 	 0.827 	  0.505-1.354	 0.450

MM vs WW (Homozygous model)	 SNP	 rs1045642	 0.780 	 0.360-1.689	 0.529 	 1.634 	 0.383-6.967	 0.507 	 2.974 	 0.204-43.340	 0.425
		  rs1128503	 1.110 	 0.418-2.943	 0.834 	 0.898 	 0.468-1.724	 0.746 	 4.647 	 1.773-12.177	 0.002
		  rs2032582	 1.391 	 0.605-3.197	 0.438 	 1.168 	 0.516-2.645	 0.709 	 0.349 	 0.182-0.670	 0.002

MM vs WM (Heterozygous model)	 SNP	 rs1045642	 1.216 	 0.728-2.033	 0.455 	 0.478 	 0.132-1.736	 0.262 	 0.707 	 0.329-1.518	 0.374
		  rs1128503	 0.822 	 0.350-1.926	 0.651 	 0.954 	 0.532-1.711	 0.874 	 0.332 	 0.160-0.688	 0.003
		  rs2032582	 0.623 	 0.275-1.410	 0.256 	 0.635 	 0.294-1.372	 0.248 	 3.308 	 1.835-5.967	 <0.001

MM vs WW + WM (Recessive model)	 SNP	 rs1045642	 0.817 	 0.499-1.337	 0.422 	 1.766 	 0.520-5.998	 0.362 	 2.069 	 0.381-11.249	 0.400
		  rs1128503	 1.215 	 0.557-2.654	 0.624 	 0.994 	 0.579-1.706	 0.983 	 3.744 	 1.678-8.355	 0.001
		  rs2032582	 1.473 	 0.694-3.126	 0.313 	 1.421 	 0.698-2.894	 0.333 	 0.331 	 0.193-0.568	 <0.001

OR = odds risk; 95%CI = 95% confidential intervals; SNP = single nucleotide polymorphism; MMR = major molecular 
response; CMR = complete molecular response.

Table 2. Meta-analysis of the relationships between MDR1 and response toimatinib in chronic myeloid leukemia 
patients.
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= 0.294-2.055, P = 0.611, rs1128503 dominant model: OR = 0.862, 95%CI = 0.525-1.417, P = 
0.559, rs2032582 dominant model: OR = 0.799, 95%CI = 0.427-1.495, P = 0.483, rs1045642 
homozygous model: OR = 1.634, 95%CI = 0.383-6.967, P = 0.507, rs1128503 homozygous model: 
OR = 0.898, 95%CI = 0.468-1.724, P = 0.746, rs2032582 homozygous model: OR = 1.168, 95%CI 
= 0.516-2.645, P = 0.709, rs1045642 heterozygous model: OR = 0.478, 95%CI = 0.132-1.736, P = 
0.262, rs1128503 heterozygous model: OR = 0.954, 95%CI = 0.532-1.711, P = 0.874, rs2032582 
heterozygous model: OR = 0.635, 95%CI = 0.294-1.372, P = 0.248, rs1045642 recessive model: 
OR = 1.766, 95%CI = 0.520-5.998, P = 0.362, rs1128503 recessive model: OR = 0.994, 95%CI = 
0.579-1.706, P = 0.983, rs2032582 recessive model: OR = 1.421, 95%CI = 0.698-2.894, P = 0.333) 
(Figure 2C and D and Table 2).

Figure 2. Forest plots of the correlations between the single nucleotide polymorphisms in MDR1 and response to 
imatinib in chronic myeloid leukemia patients.

Association between resistance to IM in CML patients and MDR1 polymorphisms

No heterogeneity existed across the gene frequencies of CML patients (allele model: P 
= 0.00, I2 = 82.0%, dominant model: P = 0.022, I2 = 59.36%, homozygous model: P = 0.00, I2 = 
80.84%, heterozygous model: P = 0.00, I2 = 79.76%, recessive model: P = 0.00, I2 = 82.81%), and 
thus a random-effect model was used. Results of this study demonstrated that there was no significant 
association between MDR1 rs1045642 polymorphism and resistance in CML patients (allele model: 
OR = 1.586, 95%CI = 0.515-4.877, P = 0.421, dominant model: OR = 1.712, 95%CI = 0.325-9.019, 
P = 0.526, homozygous model: OR = 2.974, 95%CI = 0.204-43.340, P = 0.425, heterozygous model: 
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OR = 0.707, 95%CI = 0.329-1.518, P = 0.374, recessive model: OR = 2.069, 95%CI = 0.381-11.249, 
P = 0.400). Under homozygous, heterozygous and recessive models of MDR1 rs1128503, significant 
differences were observed in the genotype frequencies between CML patients sensitive to IM and those 
resistant to IM (homozygous model: OR = 4.647, 95%CI = 1.773-12.177, P = 0.002, heterozygous 
model: OR = 0.332, 95%CI = 0.160-0.688, P = 0.003, recessive model: OR = 3.744, 95%CI = 1.678-
8.355, P = 0.001), while there was no significant correlation between MDR1rs1128503 polymorphism 
and resistance in CML patients under allele and dominant models (allele model: OR = 2.411, 95%CI = 
0.982-5.921, P = 0.055, dominant model: OR = 2.113, 95%CI = 0.945-4.724, P = 0.068). A significant 
difference in the genotype frequencies of MDR1 rs2032582 under allele, homozygous, heterozygous, 
and recessive models was observed between CML patients sensitive and resistant to IM (allele model: 
OR = 0.637, 95%CI = 0.474-0.855,P = 0.003, homozygous model: OR = 0.349, 95%CI = 0.182-0.670, 
P = 0.002, heterozygous model: OR = 3.308, 95%CI = 1.835-5.967, P < 0.001, recessive model: OR 
= 0.331, 95%CI = 0.193-0.568, P < 0.001), while there was no significant correlation between MDR1 
rs2032582 polymorphism and resistance in CML patients (OR = 0.827, 95%CI = 0.505-1.354, P = 
0.450) (Figure 2E and F and Table 2).

Sensitivity analysis and publication bias

The result of the sensitivity analysis suggested there was no single study that influenced 
the pooled OR (Figure 3). The funnel plots of correlations between the MDR1 rs1128503, 
rs1045642, and rs2032582 polymorphisms and response to IM in CML patients were symmetric, 
suggesting that there was no significant publication bias. Classic fail-safe N and the Egger test 
further confirmed no publication bias (all P > 0.05) (Figure 4).

Figure 3. Results of sensitivity analysis on the correlations between the single nucleotide polymorphisms in MDR1 and 
response to imatinib in chronic myeloid leukemia patients.
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DISCUSSION

We investigated the correlation between MDR1 genetic polymorphisms and the response 
to IM, including MMR, CMR, and resistance in patients with CML, based on pooled data from 
previous studies. MMR is an important surrogate biomarker for prediction of long-term outcomes 
of IM treatment in CML. CMR has also been evaluated in clinical studies as a surrogate biomarker 
for prediction of the long-term outcome of IM therapy in CP-CML (Shinohara et al., 2013). 
European Leukemia Net defines CMR as BCR-ABL mRNA transcripts undetectable by qRT-PCR 
and/or nested PCR in two consecutive high-quality samples with sensitivity (Cross et al., 2012). 
Our results showed that MDR1 rs1128503, rs1045642, and rs2032582 polymorphisms had no 
significant association with the MMR and CMR in CML patients that received the IM therapy, which 
is contrary to a few previous studies that showed genetic variations in MDR1 influenced response 
to IM in CML patients (Seong et al., 2013; Vivona et al., 2014). This might be attributed to the 
obscure definition of CML and the doses of IM in the included studies. The enrolled patients with 
CML were in different phases. Optimization of the standard dosage of IM has been well established 
as 400 mg/day. However, for CML patients in AP and BP, high doses of IM are more effective. One 
study also reported a more rapid remission by IM 800 mg/day in patients with CP-CML (Hehlmann 
et al., 2011). Therefore, analysis of patients randomly assigned to high-dose IM in early CP-CML 
appears to be an appropriate next step. Among the enrolled patients, the patients with CP-CML 
received the therapy of IM 400 mg/day. However, some studies had no strict definition on the CML 

Figure 4. Funnel plots of the correlations between the single nucleotide polymorphisms in MDR1 and response to 
imatinib in chronic myeloid leukemia patients.
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and whether the doses of IM were satisfactory for patients to have the CMR or MMR, and thus, 
no significant association was observed between MDR1 rs1128503, rs1045642 and rs2032582 
polymorphisms and MMR and CMR.

Results of the present meta-analysis also revealed that there were significant differences 
in the genotype frequencies of MDR1 rs1128503 and rs2032582 under different models between 
CML patients sensitive to IM and those resistant to IM, suggesting that the SNPs of MDR1 
could influence the resistance to IM in patients with CML. P-gp, encoded by MDR1 gene, is an 
energy-dependent multidrug efflux pump mediating the efflux of IM (Diamond and Melo, 2011). 
Overexpression of P-gp confers resistance to IM in leukemia cell lines (Agrawal et al., 2014), 
and Pgp expressing cells had lower IM intracellular levels. SNPs have the potential to affect the 
expression and function of the P-gp, could also influence the efficiency of absorption or elimination 
of IM and could explain at least in part variable responses to this drug (Elghannam et al., 2014). 
Vivona et al. (2014) revealed a significant association between MDR1 haplotypes and P-gp activity 
in CML patients, which further supports our result. This result was also consistent with the result 
of study reported by B Zu et al. (2014), which suggested that MDR1 rs1128503 polymorphism was 
associated with the increasing risk of IM resistance in Asian CML patients.

There are some limitations in this meta-analysis. First, the relatively small sample size 
leads to a lack of uniformly strong statistical power. Second, inter-study heterogeneity still existed in 
this meta-analysis although we minimized the likelihood by performing a sensitive literature search 
strategy, using stringent inclusion and exclusion criteria. The differences include clinical parameters 
such as disease phase, disease duration, and the use of medication. Finally, several different outcome 
measures were used for IM therapy. Consequently, further study is warranted to comprehensively 
investigate the association of MDR1 polymorphisms and the MMR and CMR in CML patients.

In conclusion, we found that the MDR1 rs1128503, rs1045642, and rs2032582 polymorphisms 
had no significant association with the MMR and CMR in CML patients, therefore, we propose that 
the MDR1 polymorphisms are not directly associated with response to IM therapy in patients with 
CML. The specific effect of IM therapy in treatment of different-phase of CML is still not known fully, 
and future detailed studies are essential to further confirm the conclusions of our study.
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