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Effect of MDR1 and CYP3A5 gene polymorphisms on outcomes of patients receiving

imatinib treatment for chronic myeloid leukemia
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Abstract: Objective To study the effect of MDR1 and CYP3A5 gene polymorphisms on the outcomes of imatinib treatment in
patients with chronic myeloid leukemia (CML). Methods A total of 100 patients with CML treated with imatinib were enrolled
in this study, including 50 patients with cytogenetic relapse (study group) and 50 without cytogenetic relapse (control group)
during the follow-up for 45 months. For all the patients, single nucleotide polymorphisms (SNPs) of C1236T, C3435T, and
G2677T/A loci in the MDR1 gene and A6986G locus in CYP3A5 gene were genotyped and the trough levels of imatinib was
measured using LC-MS/MS. The relationship between SNPs of the loci and the risk of cytogenetic relapse were analyzed.
Results The risk of cytogenetic recurrence was significantly higher in patients with CC genotypes of MDR1-C1236T and
MDR1-C3435T than in those with CT + TT genotypes (P<0.05). The median survival time of the patients with TT genotypes of
MDR1-C3435T and MDR1-C1236T was significantly higher than that of patients with CC genotypes and CT genotypes (P<
0.05). The incidences of hematologic toxicity and neutropenia were significantly higher in patients with cytogenetic relapse
than in those without cytogenetic relapse (P<0.05). MDR1-C3435T genotype and imatinib concentration were independent
predictors of cytogenetic relapse of CML. Conclusion The risk of cytogenetic relapse of CML was significantly affected by
SNPs of C1236T and C3435T loci of MDR1 gene and blood imatinib concentration. MDR1-C3435T genotype can be used as a
potential biomarker for predicting cytogenetic relapse in CML patients.

Keywords: imatinib; chronic myeloid leukemia; single nucleotide polymorphisms; cytogenetic relapse
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Tab.1 Baseline data of the two groups of patients

Parameter Study group (n=50) Control group (n=50) it P
Age at diagnosis (year) 36.52+11.20 35.98+12.35 0.229 0.819
Gender (Male/Female) 25/25 27122 0.258 0.611
Imatinib dose at CCyR (mg) 1.198 0.549
300 4(36.00%) 7(64.00%)
400 44(51.00%) 42(49.00%)
600 2(67.00%) 42(49.00%)
Sokal score 2.564 0.277
Low 12 (39.00%) 19 (61.00%)
Intermediate 26 (53.00%) 23 (47.00%)
High 12 (60.00) 8 (40.00%)
EUTOS score 0.219 0.640
Low 37 (49.00%) 39 (51.00%)
High 13 (54.00%) 11 (46.00%)
Hasford score 0.401 0.818
Low 17 (46.00%) 20 (54.00%)
Intermediate 30 (53.00%) 27 (47.00%)
High 3 (50.00%) 3(50.00%)
Attainment of MMR 11 (22.00%) 38 (76.00%) 29.172 0.000
Duration of follow-up (month) 45.94+8.52 45.75+9.14 0.108 0.915

CCyR: Complete cytogenetic response. MMR: Major molecular response.
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Tab.2 Genotyping results and trough levels of imatinib in the two groups

SNPs Genotype Total

Study group (n=50)

Control group (n=50) Xt P

CYP3A5-A6986G(rs776746)

AA 13 (13.00%)
AG 41 (41.00%)
GG 46 (46.00%)
MDR1-C1236T (rs1128503)
cc 13 (13.00%)
cT 65 (65.00%)
T 22 (22.00%)
MDR1-C3435T (r51045642)
cc 14 (14.00%)
cT 48 (48.00%)
T 38 (38.00%)
MDR1-G2677T/A (r52032582)
GG 10 (10.00%)
TA 7 (7.00%)
GA 3 (3.00%)
GG 42 (42.00%)
TA 38 (38.00%)

Trough levels of imatinib (ng/mL)

1564.31+851.65

8 (57.14%) 6 (42.86%)

22 (55.00%) 18 (45.00%) 1.468  0.480
20 (43.48%) 26 (56.52%)
10 (76.92%) 3 (23.08%)
33 (50.00%) 33 (50.00%) 6.103  0.047
7 (33.33%) 14 (66.67%)

11 (73.33%) 4 (26.67%)

26 (56.52%) 20 (43.48%) 8383  0.015
13 (33.33%) 26 (66.67%)
7 (70.00%) 3 (30.00%)
4 (57.14%) 3 (42.86%)
2 (66.67%) 1 (33.33%) 3.856  0.426
22 (52.38%) 20 (47.62%)
15 (39.47%) 23 (60.52%)

2173.55+765.44 3.762 0.000
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Tab.3 P-gp expression in different genotypes

SNPs P-gp (+) P-gp () x P
MDR1-C1236T 21.183 0.000
cc 70.77 (46/65) 29.23% (19/65)
cT 40.91 (9/22) 59.09 (13/22)
T 7.14 (1/14) 92.86 (13/14)
MDR1-C3435T 25.978 0.000
cc 57.14 (8/14) 42.86 (6/14)
cT 43.75% (21/48) 56.25 (27/48)
T 0 100% (38/38)
CYP3A5-A6986G 0.065 0.968
AA 15.38% (2/13) 69.23% (9/13)
AG 19.51% (8/41) 80.49% (33/41)
GG 17.39% (8/46) 82.61% (38/46)
MDRI1-G2677T/A 0.895 0.925
GG 30.00% (3/10) 70.00% (7/10)
TA 14.29% (1/7) 85.71% (6/7)
GA 33.33% (1/3) 66.67% (2/3)
GG 28.57% (12/42) 71.43% (30/42)
TA 31.58% (12/38) 68.42% (26/38)

R4 C1236THMCIAIT ARERR BEMAELFE R AN
Tab.4 Risk of cytogenetic relapse in patients with different genotypes of C1236T and C3435T

SNPs Genotype Study group (n=50)  Control group (n=50) b P OR (95% CI)
MDR1-C1236T (rs1128503)
cC 11(78.57%) 3(21.43%)
5316 0.021  4.419 (1.151, 16.967)
CT+TT 39 (45.35%) 47 (54.65%)
TT 7 (33.33%) 14 (66.67%)
2.954 0.086  0.419(0.153, 1.149)
CC+CT 43 (54.44%) 36 (45.56%)
MDR1-C3435T (rs1045642)
cC 11(73.33%) 4(26.67%)
3.843 0.049  3.244(0.956, 11.001)
CT+TT 39 (45.88%) 46 (54.12%)
TT 12 (31.58%) 26 (68.42%)
8.319 0.004  0.291(0.124, 0.684)
CC+CT 38 (61.29%) 24 (38.71%)
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Tab.5 Kaplan-Meier estimates of relapse-free survival in patients with different genotypes
Mean Median
SNPs Genotype e P
Estimate  Std. Error 95%Cl Estimate  Std. Error 95%ClI
MDR1-C1236T
cC 13.000 1.590 9.884~1.116 13.000 2.752 7.605~18.395
CT 17.038 1.824 13.463~20.614  15.000 2.040 11.002~18.998
19.740 0.000
TT 32.462 4.239 24.153~40.770  41.000 9.648 22.091~59.909
Total 20.160 1.810 16.612~23.708  17.000 1.570 13.923~20.077
MDR1-C3435T
cC 11.000 1.489 8.081~13.919 11.000 2.393 6.309~15.691
CT 9.781 0.747 8.317~11.245 9.000 0.941 7.156~10.844
16.164 0.000
TT 26.143 4.718 16.896~35.390  25.000 6.547 12.169~37.831
Total 12.340 1.160 10.067~14.613  11.000 0.693 9.642~12.358
*6 ROEEEMMKSERENA £ BRLE
Tab.6 Comparison of the incidence of blood toxicity caused by imatinib between the two groups
Parameter Study group (n=50)  Control group (n=50) v P
Hematological toxicity 31 (60.78%) 20 (39.22%) 4842  0.028
Hematological toxicity requiring dose interruption/ dose reduction 25 (59.52%) 17 (40.47%) 2.627 0.105
Pancytopenia 1 (50.00%) 1 (50.00%) 0 1.000
Thrombocytopenia 25 (54.35%) 21 (45.65%) 0.644  0.422
Thrombocytopenia requiring dose interruption 20 (57.14%) 15 (42.86%) 1.099 0.295
Thrombocytopenia requiring dose reduction 15 (68.18%) 7 (31.82%) 3.730  0.054
Neutropenia 17 (70.83%) 7(29.17%) 5482  0.019
Neutropenia requiring dose interruption 9 (56.25%) 7 (43.75%) 0.298  0.585
Neutropenia requiring dose reduction 8 (66.67%) 4 (33.33%) 1515 0.218
Anemia 2 (66.67%) 1 (33.33%) 0.344  0.558
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FhA) 572, 12 SNP I A2t [ 8 11 3R 0A e 1 b 748
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R - B 1) 25 - S U S B 2 AP E— e 225, )
—J7 T T B8 T 2 5 S 8O R I EREIIZS SR 1
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LAV SRR Je AR IR KRN AY 7 SN A RE IR
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