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0.001]. = & & 2m i, " [CC/AC vs. AA: OR=0.43,95%CI(0.19,0.97) , P=0.04]89 & £ R, 253t £ fik T WAV & & P,
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Hematotoxicity Correlation of MTHFR Gene Polymorphism with High-dose of Methotrexate in
Hematological Neoplasm Patients: A Meta-analysis

LIU Shuang"*?, SONG Zaiwei"’, YI Zhanmiao"*’,ZHAO Rongsheng'’(1.Dept. of Pharmacy, Peking University
Third Hospital, Beijing 100191, China; 2.Dept. of Pharmacy Administration and Clinical Pharmacy, School of
Pharmaceutical Sciences, Peking University, Beijing 100191, China; 3.Center for Drug Evaluation, Peking
University Health Science Center, Beijing 100191, China)

ABSTRACT OBJECTIVE: To systematically evaluate the correlation of methylenetetrahydrofolate reductase (MTHFR) C677T
and A1298C gene polymorphisms with blood system adverse events induced by high-dose of methotrexate (HDMTX). METHODS :
Retrieved from Medline, Embase, Clinical Trials.gov, CNKI, Wanfang database, CBM, cohort studies about MTHFR gene
polymorphism in hematological neoplasm treated by HDMTX were collected from inceptions to March 2018. After data extraction
of included literatures, quality evaluation with Newcastle Ottawa scale, Meta-analysis was performed for adverse events of blood
system induced by HDMTX in different genetic models with Rev Man 5.3 software. RESULTS: Totally 25 cohort studies were
included, 23 studies of which were related to MTHFR C677T site (including 1 858 patients) and 16 studies related to MTHFR
A1298C site (including 1 088 patients). Results of Meta-analysis showed that MTHFR C677T mutation type significantly increased
the risk of hematotoxicity [TT/CT vs. CC: OR=1.57, 95% CI(1.12,2.20), P=0.009;TT vs. CT/CC: OR=2.19, 95% CI(1.49,
3.23), P<0.001;T vs. C: OR=1.34, 95% CI(1.03, 1.74) ,
P=0.03] and severe hematotoxicity [TT/CT vs. CC: OR=
2.33, 95% CI(1.43,3.81), P<<0.001], including leukopenia
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BAENER s FATZET ks WA ST . RS I T I [TT/CT vs. CC: OR=1.37, 95% CI(1.02, 1.82) , P=0.03],
AT JRTF 2 W 5 A ARG Y AR IE 2R i severe leukopenia [TT/CT vs. CC: OR=1.63, 95% CI(1.03,
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2.26, 95% CI(1.50, 3.39) , P<<0.001]. The mutation genotypes of MTHFR A1298C significantly decreased the risk of severe
hematotoxicity [CC/AC vs. AA: OR=0.17, 95% CI1(0.04,0.76) , P=0.02], including leukopenia [CC/AC vs. AA: OR=0.68,
95% C1(0.48,0.97), P=0.03; CC vs. AC/AA: OR=0.28, 95% CI1(0.14, 0.59) , P<<0.001] and severe leukopenia [CC/AC vs.
AA: OR=0.43, 95%CI1(0.19,0.97), P=0.04]. CONCLUSIONS: Among patients with hematological neoplasms, MTHFR C677T
mutation may significantly increase the risk of hematotoxicity by HDMTX including the risk of leukopenia and granulopenia; while
MTHFR A1298C may reduce the risk of hematotoxicity by HDMTX, including the risk of leukopenia.

KEYWORDS Methylenetetrahydrofolate reductase; Gene polymorphisms; High-dose methotrexate; Hematological neoplasms;

Safety; Meta-analysis
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FRA5 P02y, JE T R e S 40 5 2590, o) 10 B B e 1)
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Tab 1 General characteristics and quality evaluation results of included studies
FEH D) ik it COTTT(E LA 3 ADSSCIEHIEEDEEN WA/, TRy SRR ARG NOSTA
B (2017)7 THA ALL 43(CC19,CTI8,TT6) 43(AA24,ACI3,CCH) 19/24 5 0} WHO 7
Chiusolo P(2012)" AMZA  HM 48(CC17,CT18,TTI3) 48(AA17,AC23,CC8) 25/29 5 0 CTCAE 7
Ardoz HV(2014)" AMEL AL 286(CC128,CT118,TT40) NS K 5 0] WHO 9
Choi Y](2016)" THA PCNSL  111(CC33,CT55,TT23) NS 53/58 60 20e80R  CTCAE 7
Eissa DS(2013)" ETIN ALL 50(CC17,CTI2,TT21) 50(AA33,AC3,CC14) 21/29 475 05 Hlfei 9
Erulj N(2012)" RMEL AL 167(CC76,CT76,TT15) 167(AAT8,ACT4,CCI5)  87/%0 47 3009 CTCAE 9
Exdulj N(2014)" RMZEL  NHL 29(CC16,CT11,TT2) 29(AAI2,ACI5,0C2) 425 il 300 AUE 9
Gemmati D(2007)" FMZN  NHL 110(CC38,CT33,TT19) NS 8/67 568 09U WHO 9
Haase R(2012)™ mMEA AL 34(CCI5,CT14,TT5) 34(AAI4,AC16,CC4) 1717 11 BODY9D  CcTCAE 7
Karathanasis NV(2011)"" BMZEA AL 35(CC17,CTI13,TT5) 35(AA14,AC17,CC4) 14/21 633 309 CTCAE 7
Kotnik BF(2011)™ RMEN AL 64(CC29,CT30,TT5) 64(AA24,AC32,CC8) 38/26 5 30 WHO 9
AR IE(2010)7 THA ALL 98(CC29,CT49,TT20) NS 54/55 54 o CTCAE 7
AE(2014)M THA ML 83(CC29,CT35,TTI9) NS 37/46 203 0y CTCAE 7
A5 (2017) A ALL 93(CC30,CT42, TT21) NS 30/54 1941 035090  WHO 7
B (2016)" A ALL 46(CC19,CTI6,TTIN) NS 26/20 58 309 CTCAE 7
ki (2008)" TMA ALL 4(CC15,CTI3,TTIS) 42(AA30,AC11,CC1) 1721 31 @ WHO 7
Liu SG(2011)™ THA ALL 181(CC41,CT93,TT47) 175(AA122,AC47,CC6) 66/115 57 06009 CTCAE 7
HHE(2012)” THA ALL 50(CC18,CT24,TT8) NS 2/28 67 ) WHO 7
Ongaro A(2009)" mMEN AL Fdfeit 89(AA48,AC34,CCT) 47/53 05 B0 WHO 9
Pakakasama $(2007)" THA ALL 76(CC53,CT22,TT1) 76(AA39,AC32,CC5) FA 57 0 CTCAE 7
Shimasaki N(2006)™ THA ALL 15(CC8,CT6,TT1) NS 9/6 6 00 CTCAE 7
Suthandiram $(2014)" THA HM 71(CC15,CT23,TT33) 71(AA24,AC30,CC17) 35/36 36.6 0 CTCAE 7
Tantawy AA(2010) RN ALL A 40(AA16,AC14,0C10) 18/22 6.1 © CTCAE 9
{r#EE(2015)" THA ALL 73(CC31,CT34,TT8) 73(AA42,AC30,CC1) 39/34 5.17 600 CTCAE 7
RHi(2013) WA ALL 52(CC27,CT16,TT9) 52(AA36,AC12,CC4) 17/35 5.1 500 CTCAE 7

TE: “HM 3R MGG R ; “PCNSL” 7R JFUA M XA 28 R ek TR 5 “NS 72 AN

Note: “HM” means hematologic malignancy; “PCNSL” means primary central nervous system lymphoma; “NS” means not suitable

A AT 5T T MTHFR C677T 557 8
B BEIEI A DCE . 7E AR AL, S8 AR AU i T
R BRI & AR KU, H 22 S A SR L [TT/CT
vs. CC:OR=2.33,95%CI(1.43,3.81),P<0.001]., 7EFa
PRSI, PR 3 7 P (Pa<<0.10,1°=75%) .
XF S5 MR IR A T 40T, TSR HERR T B PR U 5,
A3 AR I AHE 5 s R AN Z R 7E B 5 25 55
(Pw=0.03) , 5 el iR TRk 22 5
2.3.1 MTHFR C67TT 5 (14> A et JHha 7
TG g0 g 47 MTHEFR CO77T 5 [ 40 gy /b
FIFISENE . 7R BB LR T, 58 A8 B 338 i 1 4
it v /0 1 % A2 XUBS: [TT/CT vs. CC: OR=1.37, 95% CI
(1.02,1.82) ,P=0.03( VL& 3)]. 1M 75 Btk M 25 o7 K& [H
WAL AMEEEN B A . (BT SEA BEN 5 A%
BT R 2 2 M (Pwa<<0.10,1°=61%) . Xf 5%
PESRIE AT 534, 16 S HRRR T 8 s S U 5, W2 53 A
PRI AHE S = IR A Z RIAETE 83 22 7 (P =
0.03) , Wt 5 Pk ] BRI TRk 22 5

A 3R T MTHFR C677T 5 7™ 8 1
LI AR OGP o AE S RGN, 58 AR T i 2
T EE A AR 1 & A KU [TT/CT vs. CC: OR=
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1.63,95%CI(1.03,2.56) , P=0.04], {H £} bfi T 2 5 ik
(Ph<<0.10,1°=56% ) , F&FAEUE KB A4 43 B ¥ ok
W5 i 25 AH DA -
2.3.2  MTHFR C6TTT SR 4 iyl b Ao 45
TR 51022 g AT MTHFR C67TT S5 21 gk 2> 1
AN o 7E 3 FBAL AR N, MTHFR C677T 55k 40 )i
D HE RGBS G i 25 A e (H IS R B (5 2 S T (P <<
0.10,1°>50% ) o XF 5 Bk R I kA7 20 B, HEBR B 12
BRI, AR 5 R 43 )22 B 20 3 A B s FR UL U
NSARA NBEZ ], W SR Z [ 22 53896 42
AR L (Paw<<0.05) , fit 57 B rE AT REIR T4 AR E YA
A 2 W5 RS T MTHFR C6T7T 5 7™ AT
YLD B AH DG o FE AR AL T | 58 AR R I 25
0T 7 EE R A AR ek D 1) A A XU [TT/CT vs. CC: OR=
2.26,95%CI1(1.50,3.39),P<<0.001].
2.3.3  MTHFR C677T 5 IfiL /Ml 2l 3% 1 S bk B 400 e
WA ICME A3 AT 11 BRI 2o 10 T
Glenee. sl 9 kg PR T MTHFR C677T 45 1L
AINAR R A B I R b O A P s AR e . AR 3 s A%
FERR  $ 00 A e, HLANA RS- F 5T 1) 35 0 8 %
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&2 MTHFR C677T 5 HDMTX f1# R4 A R E4RIEX M
Tab 2 Relationship of MTHFR C677T with HDMTX related hematologic adverse events

B} TT/CT w. CC TT vs. CT/CC Tvs.C
e 4 — - — ; =
g OR(95%CI) P I\% P BSH OR(95%CI) P I\% P BH OR(93%CI)  Pu I\% Pu

ke il 10 157(112,2200 02 27 9 219(149,323) 034 11 10 134(1.03,1.74) 052 0

(B JUE graa 128(080,205) 048 0 % 4BPERN51(085,268) 035 9 NSD SR 112(079,138) 072 0 NSD
A I 550(2.01,15.02) 0.68 0 P 432(1.84,10.11) 062 0 2163 204(142,611) 072 0
JUERBA 3 132(075,235) 055 0 g 238(121,467) 055 0 yras 135(085,2.14) 080 0

ik THA GEBABAI145(101,207) 006 33 NSD TEEERIS 0041343100 033 13 NSD o 8PEEIEI107(097,167) 058 0 NSD
FEA 1" 217(053,893) NS NS 1" 163(030,893) NS NS 1 1.54(045,533) NS NS
FEHA 1 429(083,2203) NS NS Il 568(146 212) NS NS e 357(1.00,1274) NS NS

TP IR B R R (T 3 233(143,381) 093 0 3 23(075,2000 002 75 4 1300094,179) 062 0

LE JLE 1™ 272(073,1011) NS NS Nsp 1™ 750(132 450) NS NSk 2E 159(0.71,352) 047 0 NSD
WA 21 228(134,386) 078 0 b 1.0000.59,171) 007 70 yil 125(088,177) 032 0

SEI U 7 137(102182) 080 0 5 076(040,142) 013 44 5 0.79(0.55,1.12) 004 61

i JLE (SR 41(105,189) 080 0 NSp 4B 068(0.33,141) 008 356 NSD 4m= 076(052,1.11) 002 70  NSD
JUERBA 1 082(023285) NS NS 13 1.08(027,430) NS NS I8 096(0.38,243) NS NS

ik THA 25 06(044257) 056 0  NSp 2% 16000.55,461) 042 0 NSD 25 045(024,084) 003 9 %
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Test for overall effect Z= 2.63 (P = 0.009)

Testfor subaroun diflerences: Chi*= 7.04. df= 2 (P = 0.03). P'= 71.6% Favours TICT  Favours CO

2 MTHFR C677T 5 If ifg & 18 X £ K Meta 53 47
FHE(TT/CT vs. CC)
Fig 2 Forest plot of Meta-analysis of the association
of MTHFR C677T with hematotoxicity (TT/CT
vs. CC)
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Test for overall effect: Z= 2.12 (P = 0.03)
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B3 MTHFR C677T 5 B 48 i D 8 X 1 #) Meta 53
R #E (TT/CT vs. CC)
Fig 3 Forest plot of Meta-analysis of the association
of MTHFR C677T with leukopenia (TT/CT vs.
cC)
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Tab 3 Relationship of MTHFR A1298C with HDMTX related hematologic adverse events
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o |
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Test for overall effect: Z= 2.11 (P = 0.03)

Test for subaroun differences: Chi*=2.09. df=1 (P=0.15). F=52.1%
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Fig 4 Forest plot of Meta-analysis of the association
of MTHFR A1298C and leukopenia (CC/AC vs.
AA)
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Fig 5 Funnel plot of the association of MTHFR
C677T with hematotoxicity (TT/CT vs. CC)
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