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Evidence-based Evaluation of Thiopurine Methyltransferase Genetic Testing in Guiding the
Individualized Treatment of Childhood Acute Lymphoblastic Leukemia with 6-Mercaptopurine in China

WEI Na'?, ZHENG Bin!, ZHUANG Qian', ZENG Xiaofang', LIN Rongfang®, LIU Maobai'*(1.Department of
Pharmacy, Fujian Medical University Union Hospital, Fuzhou 350001, China; 2.Department of Pharmacy, the Third Affiliated
Hospital of Fujian Medical University, Fuzhou 350108, China; 3.Department of Pharmacy, the First Affiliated Hospital of Fujian
Medical University, Fuzhou 350005, China)

ABSTRACT: OBJECTIVE To systematically review the association between 6-mercaptopurine(6-MP) treatment of acute
lymphoblastic leukemia(ALL) related bone marrow suppression and thiopurine methyltransferase(TPMT) gene polymorphism in
Asian children and evaluate the economy of TPMT genetic testing in Chinese ALL children. METHODS Evidence-based
medicine method was used to collect the randomized control trials or observational studies about the relationship between 6-MP
treatment of ALL related bone marrow suppression and TPMT gene polymorphism in Asian children by meta analysis, and
cost-effectiveness analysis of 2 kinds of initial dose regimen of 6-MP for ALL children in China were performed with decision
tree model. RESULTS Finally a total of 6 literatures involving 577 Asian children with ALL were included. The results of
meta-analysis showed the following: the TPMT polymorphisms were relevant to myelotoxicity[OR=5.61, 95%CI (2.05, 15.34),
P=0.000 8]. In the fundamental data analysis, aimed to the above 2 kinds of treatment, the incremental cost-effectiveness ratio
was 10 403.83 when the incidence of severe myelosuppression was taken as the effective index. Sensitivity analysis showed that
the results were stable. CONCLUSION This meta-analysis suggest that the TPMT polymorphisms of Asian children with ALL
are significantly associated with myelosuppression. In China, the initial dose of 6-MP adjusted by TPMT gene detection in ALL
children is not superior to the standard dose.

KEYWORDS: 6-mercaptopurine; children; acute lymphoblastic leukemia; myelosuppression; thiopurine methyltransferase;
polymorphisms; decision tree model; cost-effective
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F14) 97 722 44 2% D s Ak T 200 L s &40 E 9 £ 40 B
ALL 213X 2 P i A A 0 Ve o B R 5 i
, 18 AL BILH, 294 70%~85% 4 ALL!,
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PO ST . Bl E PEOF ST 45 S0k s QAR h3e s
R ; QARSI AE M EE LT 6-MP AHXEA R I
I (adverse reactions, ADRs)-5 A0 N A & A AH &
ADR HE[H 725 (TPMT*3C)HY LG AH [t (odds ratio,
OR); @RI ALL AFE TPMT £ Z YA
RASEAN(TPMT*3C).
1.2 SCHRKE 2R

ALK Z PubMed., EMbase. The Cochrane
Library, VIP., WanFang Data, CNKI #(# %,
W 6-MP JRYTIEWH LI ALL #HX ADRs 5
TPMT &N Z S PEACH) RCT SORESPERTSE,
Hr 2RI B R 2 22 2019 4F 6 H . tkb4h, AW
ASCHR 225 30k, DURD 78 4R BUMA G SCHk . A&
SR HC T LR R [ PR R A 2 A i 2 S SO R 3]
{45 gene polymorphism. genetic polymorphism .
polymorphism. variation.
lymphoblastic  leukemia . ALL . thiopurine
methyltransferase . TPMT; H1SCK R il iG 5 R £
Ak 2Pk A e . SRS T AR R
fiti. LI PubMed S, HBARKRFEMEILIE 1.

allele, genotype. acute

#1 “gene polymorphism” or “genetic polymorphism” or
polymorphism or variation or allele or genotype

#2 “acute lymphoblastic leukemia” or “ALL”

#3 “thiopurine methyltransferase” or “TPMT”

#4 #1 AND #2 AND #3

B 1 PubMed # & o
Fig. 1 PubMed retrieval strategy
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231 MERFARER FEA 6 BRI,
P 2 SRR meta AT SR R, MIRSAAR B
N RA S TPMT 3R AEAH K [OR=5.89,95%C1
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B HAR R
HHRICHR (n=556)*

il HARBEIR
HhFEARAGAH ISR

A4

B EHRAFICHR (n=497)

Y

Bl 2 SUBAIEAN I (n=497)

HERR (n=477)

A

Y

B4 SO (n=20)

| HEERICARE
7| dRREE (=14)

Y

WATEESIHTIISCHR (n=6)

Y

WAFE RS BU(metaZM TR SCHR (n=6)

2 XwFRmAEE

* AR 2R SO 2 K HH SCHk AR : PubMed(n=110) . Embase (n=417),
The Cochrane Library(n=20), CNKI(n=1). VIP(n=0), WanFang Data
(n=8),

Fig. 2 Flow chart of article screening and selection process
*The databases retrieved and the number of articles detected were as

follows: PubMed(n=110), EMbase(n=417), The Cochrane Library(n=20),
CNKI (n=1), VIP(n=0), WanFang Data(n=8).
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Tab. 1 Characteristics of included research

WA 5 WFFE Wil TPMT H[ 6-MP [1)
FATIE R st g wseko 1
Ando  HAE fGfl-xf 36 TPMT*3C, 50~80 mgm2-d!
20011 P TPMT*6
Desire I Jifil-xf 66 TPMT*3C, 50 mg'm2-d”'
20101 e TPMT*2
Linga  EQJE (A 72 TPMT*24, 56.25mgm=2-d”!
201400 W TPMT*34,

TPMT*3C
UHE FE - 46 TPMT*3C. 75 mgrm2,
201401 TRAFSE TPMT*IS 50 mg-m
B WE REE- 173 TPMT*3C 1.5~2.5 mg-kg-d-!
201017 RS
WG R Rt 149 TPMTC 25 mgm2d!
2011 SRBF 5
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Tab. 2 Bias risk assessment of included studies

HEB M, BRSO B E DTS IXS BRTE R AR T BRI I A ] S B T AR

. MSLWREDE L gt 1 . Y ; — .
AR SR/ 4 EARFMEN MU PR S % m s S5t EAG TR REREN L WAME S5
I oy RAXTRUL Ay (BRDN 4y BT M2 4y BUIEsRA 4y AR 43 5y
Ando 2001113 1 1 0 1 1 1 1 0 6
Desire 2010014 1 1 0 1 1 1 1 0 6
BHE 201406 1 1 0 1 1 1 1 0 6
B4 201007 1 1 0 1 1 1 1 0 6
W 2011081 1 1 0 1 1 1 1 0 6
Hematological toxicity group No hematological toxicity group Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight I-H, Fixed, 95% CI I-H, Fixed, 95% CI

Ando 2001 2 8 0 63 2.9% 48.85[2.11,113058] —

Desire 2010 3 15 2 A1 239% £.13[0.92, 40 24] T

Linga 2014 1 42 0 30 18.4% 2.20 [0.09, 55.99]

\WeiH 2010 3 18 2 155 11.4%  15.30(2.37,99.89]

WieQ 2011 0 a7 1 112 24.5% 0.99 [0.04, 24.85]

®ies 2014 2 29 0 17 18.8% 318014, 70.27]

Total {95% CI) 149 428 100.0%  5.89[2.15,16.11] i

Total avents 11 5

Heterogeneity, Chi*= 4.43, df= 5 (P = 0.49); F= 0% Io ” 051 110 100’

Test for overall effect Z= 3.45 (P = 0.000E)

Tendto be irrelevant Tend to be relevant

3 mEFARKAES TPMT # B % A 140 X M # meta 247

Fig.3 Meta analysis of association between hematological adverse reactions effects and TPMT gene polymorphism
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TPMT PR EARARCHEAR i I 31 &, 4551 IR
TSRS AAEARXS B, BER TR AR )N,
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0+ i
0.5 4 :
2 z
% 1.0 o °
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A :
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20 II T : T 1
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OR
4 MEFTERME TPMT £ H £ A WA XKW OR IR
A

Fig. 4 OR funnel figure of association between hematological
adverse reactions and TPMT gene polymorphism
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B RAE+6-MP 83 55 2 J5 A H 2% < R E+-™
L BE I T R BEIR T AR+ TPMT 32 PR AGI  A
(R % ot/ 2 T AR T 580590 £ JC e 3 9% B+ 17112
BB+ 10 5 BAL B 2 . 6-MP M A i ad A i) 24
B, SR 2017 AR EA 24 A BR M PHOE
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T TPMT S 24 AF8k , deih FZ5 o IE# (A
1 30%~80%, 4 50 mg-m—2-d~' 5 0.75 mg-kg'-d';
XFF TPMT SR 4l A F 6k, a6 250 i IE
WM 10%, JHFFARHAMR R 3 ), Wk
J& 3 ¥k, BER 10 mg-m=2, TPMT & K B A 7 5 74
E IR 75 mg-m~2-d7 5250 TPMT R 464
RIFEERIR 10 mgm™2, B8 3 IREG 2, G5 R L3R 3.
2 JAAT 1 UL R AT . TPMT ik PRGN Al AR 2 R
ST RS MG A s S, R sA R 360 T, ™
BRG] S E AR 51V E B RE s, mE
BREINENGST TAFZIE AT RRYTY, 3d R A
MLH AL, —BELh2 7 d IE R IEH T, 6-MP
TIRAREIARTT o X T AR EaRE S, T
URSIRYT o N T RE T A T A 32
B T 2R M R SR G S 2,
1 A AR A W B R B BT IR S5 ks A A 2
R, SR MA%, AL K40 % R
SHE (B4 . BRI GR.AN, 43 0.15 mg) 4t
¥4 310.632 JG, 4525 A RS 75 pg qd 1Y
WIT R, 425 3 d JRTRUR IR . 22
OU)=2y i FF m A% o) <Iayr iy A 2R .
S A IR G2 . BB LT
PR 245, 455 L% 4,

2.4.2 RORAESR ALL BJLIRA 6-MP WigZ 3 4
H, D™ B g i & A R O e b, AR
REAI SR, F R AR R T BT 45 245
T RA . TEEREIHEERR 045%; &
TPMT K& PR BRUHERE LS 24570 15 S 401« )™ 2B )
KHEEN 0.415 5%

F3 % TPMT £ F A #EH 6-MP 4 2 7| & W 2 K kR

Tab. 3 Single cost of 6-MP dose recommended by TPMT
genotype

H BB BT o e R

H R HY 6-MP VIR 2 5 2 o

J& 6-MP 24 % H
PRl HK 0.53 T K 0.35 I
A K 0.53 0 K 0.35 0

a4 AR 3R, BIR0.07 0 A 3, K 0.0525 7

2.4.3 TPMT RGN A 28 55 A 1A

2.43.1 PORMEIAL  RIEAIE AR o R
SEYERBRE, LUBOLR R 5 2550 1 5 5k
RS, VRS R A EREIMGIAILSg A, U

FpE BACR I 26524 2020 4E 9 H %5 37 555 17 )

5 A LA R (R 2 BRIk U DL 2R AR A
WIARCRAR bR, 2 BRI N 2.999 7 4~ )
B R ST PRI BRI S5 S R
EAECH, RS, SRS, BRI 4E R
IR, 6-MP WIIRZG 2457 i TPMT FE [ AUIHEF T
AN TF A A o AR R T R R

R4 FEHFMWEETES T HERGYKEF T aH
Tab. 4 Treatment cost of severe bone marrow inhibitory therapy
with reference listed drugs and domestic drugs of
leukogenic

JERIFZ 7™ 24 i
AT H — —
IR /IT i B2 /T G
2ok 310.632 7 37.09 7
Py 30 7 30 7
R 0.78 7 0.78 7
152 25 2 25 2
IRA 2 40 7 40 7
Bt 2 719.88 805.09
=S5 REMERSHK
Tab. S Decision tree model parameters
V- S V(] H4b
SHAFR iy
1R ’
P1 E—fE ANFEP B 3% Van den Akker-van Marle
VI S 2R et al. ['2], Sanderson et al.

[20]

P2 {EWPARIRIZL A ABE S 2.68%  Jennifer R.

REID ) AR Donnan, et al. ']
Py TPMT & Gk (4l 57) 30% Van den Akker-van Marle
SRR L) ctal. ], Marra et al.
2002 21

Winter et al. 221, Van den
Akker-van Marle et al. ['2)

Ppo EBENEIRE PR AERRT 15%
O™ B REM ) I L 1)
Comp  6-MP 25 51 21 5.72 O/ B 2017 AEAR A 2
A BRAY FHYG R M 55—
R H %
40 JO/K BHRESTIRSS i
25 JO/K BHREST RS i

360 JOAK S BREST RS ik

Cor  IZEINTE
Cest  MLHHALLEFH]
Cremr TPMT il BLAS

T PR AR ], SR AR (%) S AR
A GCT), W6, HEMHERMIEEA, WS MA
JE A T 5 A S AR AR I SR B2 T, SRS 1
PIIAEE AN 389.519 J6, Mg 2 MR A N
748.451 JC.,
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FE)
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JREE PR ok (7

H+Zu A D)
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petg el
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. 0.150
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0.150
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Fig. 5 Decision tree model of cost-effectiveness analysis of 6-MP initial dose scheme selection

FT6 RAENMERLEEMEREFERAMGIHE
Tab. 6 Path probability and path cost estimation of decision
tree model

HiAe HEAEHER /% B AAG AT

1 045 308145

2 2.55 364.02

3 97 371.7

4 0.014 85 341172

5 0.084 15 691.995

6 0.231 692.52

7 0.4 3441.45

8 2.27 724.02

9 96.99 737.7

2432 JRABCRGAT LU EAT BRI E] A AR

BRI BR T RBA R b B AR RUR L
GRLE T,

244 U FIEF] TPMT Al 9% 8
B, FEEERAT S R, X TPMT K
2% FA AT BUBPE BT, LA A R RO P bR A
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AR, SRH] TPMT Al s T Bl 25%1E i
SEAE TG o R AR M ag i, THA
240 i 245 Wy A 7 B B A A IR T A R R E
H, JHHAEAS E MR, HA A &AL
AR, HATHBIRE T, 45R I 8. UK
FEP BT AR, AR AL B AN R R 7 SR A 4R 45

A UL AR BT B 25 R TR Y o

RT 2MAERABRRLIHEERARERNL

Tab.7 Cost-effectiveness ratio and incremental cost-
effectiveness ratio of 2 schemes
i H WG 1 FME 2 ikt
AT 389.519 748.451 358.932
PR AR 0.45 04155 0.0345
K% ’ ’ ’
AR/ 86 559.78 180 132.61 -
AR -ROR )
" B — A B S 10 403.83

/5t
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Tab. 8 Sensitivity analysis of cost-effectiveness ratio of 2 schemes JG
L A AR AR L Sl AR BIOR L
UL 3BT — — P
Mg 1 Mg 2 MG 1 g 2 SRWE 1 Mg 2
TPMT il KA +25% 389.519 838.450 4 86 559.78 201 793.12 - 13 012.50
TPMT Kl K A-25% 389.519 658.452 3 86 559.78 158 472.27 - 7795.17
2 18 [ I 1 40 24 0 AR 380.90 744.13 84 644 179 092.7 - 10 528
3 it AR AN 23 LR U R e 2 ) 5 AR R AR 6

ALL 2 L3 Wi s UL A 8 o 6-MP AN
ALL FERIT W ET h Bt ey i (1
IR RE T, 6-MP AH OG- B8 B AR5 T AE
FEARST WA Ik, B 5 e XU EE
il LA S 6-MP R [RIZN 5 6-MP AN AL
R YIAHOC, 6-MP N ICTEPEMRTIARZS Y, HARIK
WFEEAR 3 KPR OmREEE-
9, I Tl TR A W B 8 T Ay 0 366 1K EE S oL
MRk, Ml —RINMEER N R 6-BifC S
AR . X2 RE RIS, BiE 240
DNA 5 RNA 4 sUICHIRERIZ IR MR, S5
HFET- N AT @H TPMT ARh TG
PER I RAL S TPMT JE X —iRAE g, &
HHEALBERS il 2 AS BTG VERY 6-HT BE B RS
(6-methylmercaptopurine, 6-MMP), BHfiF 6-TGNs
TR D H e h ¥ I 4 fL fiff(xanthine oxidase,
XOYHEALTE B 6~ Jk 8 WL % i FTE B PR T2 5 1 42
U BURTRHE RSN A Lk 3 4 AR& 2, TPMT
B NRFEAT 6-MP AL AR b 1Y) B B L
TPMT 35t 4% 2 S P52 i 245 W) 9 7 A8CFIAS B g o A
Z5HY9 TPMT A T2 6 S YL taik(6p22.3), H 9
DHEFH 10 MR TS, K2 34 kb, 1F
TPMT J A %) it XA 22 i fd 98748 | 336 26 1 28 78 14
BT TPMT it fe 2R F3al . TPMT fY3E
(R ] 43 R B A BB R 4l 5 F(WT/WT) . AR YL
B Z¢ & 1 (WT/MUT) #il 28 248 % (A 46 & T
(MUT/MUT), Fafith iF & B 1 i 27 A£ 78 TPMT S
¥ fiw 44 TPMT*1/TPMT*1, Y241k, B &M
21 Fh AR RIS FE K 5 TPMT 1 PEREARAR G, H
H 18 Fl(*2, *34, *3B, *3C, *5~*[4, *]6~*19)
FIEAF LS SNPs, HIfA DNA BHRRN
UGt S O I T =W U AN TR}
TPMT*2(G238C) . TPMT*34(G460A/A719G) .
TPMT*3B(G460A)Fll TPMT*3C(A719G)4 Fhre AHE
T A H L. H TPMT JER 2 25 PR 76 A A ik ]

FpE BACR I 26524 2020 4E 9 H %5 37 555 17 )

BN TPMT*3C, 5 E AR —E

ARk, N AMACAF ST R, TPMT £
SRR 55 SRS AH AN RN AEAE — 5 I AH e
EREREE . IFIEAR RN . BRIRR . W E ARz
TR IS R SRR S R o L T i R S S Y
MR KRN, A WA BE 4R S2 25 901597 (1)
BRI, AR EEGT RS, S HAAR
S RAEAIHT o AW R IR, WA TPMT
RAFNRANR(TPMT*3C) B BE 75 1 1Y 6 J6: B 2 AN 48
WAMK 5.61 fi5. HBEGE HZ R/ INEEARTFIE, T
B ARSF AL THEE S, AR5 [R] B SR FH BE LS
BRI 08T, 250 WoR#Ear TPMT 48R A
HBEEEPE I fE B B AR A 6.71 £, X5
BETE A1 IE (1) 6-MP EUE B 15 TPMT BN 5828 41
KRGV 25 R — 2

ARIFFTPAN 6 Fa KRS TPMT*3C 5
6-MP NER NP EHR, H 5 FScEkd L
TPMT*3C FER U R AR Ze 5 Y, R T R A6
(1 SCHik 2 5] TPMT*3C 2878 3L R R AP AEAE 1 fil4k
& 7AR R B R A R R BE R . AR
ER IR, NS RGP AGZG) TPMT*3C 445578
TR LA EE SR TC B s, A RE S5 AR AS i fR /NE
FE— B A

KRG IR AEAE—E R R . D8 AT
FFEAR BRI, IRER I ALRE R ; @
SMEREGY, Z o0 DlEE, AmAE T ERerE; @
SR ) SCHR B 2 v SR SC, A BEAFAETE & IR
i @OIUREET &k FR3CHk, TREAAAE R R o
L, AR IMRAN S, KR AIEIE RN
KEEAS , FEE Sk . ERKBEVTH, MikIR
PULE 2 R, W ETE A TR A
M 6-MP A 5 I AR AEAEA DG . LT =
% iR £5 W 2 [ (inosine triphosphate pyrophospha-
tase, ITPA)2>201 YR BN — BRI 1275
H TPMT K AL A] GE A7 4k A MW g i XL
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R 16281 £ FE AR RN AML, 7585k — A0 0 RREA
FIBFE o

ARG G AR RO AT R R,
FEHTATH TPMT FE PRI AA, SRmg 2(4#% TPMT
B DAY A 7 4 24 50 ) B B R A - ROR R
10 403.83, RIAERFAR 1% 0™ 5 B B4 il A& 28 R T
FHB MY AT 10 403.83 J6, [AABIS % JEH
JE B A 0 T 1 A0 METR YT AR, X TR A i dike
ZHE AR PR LIS P A FH BT TR 25 3R T AR R
TEAEN . AR A UL AL A BEI0 i BrA nl B
FEAE BB PR 25 AR N, B T A b s B T i)
BUASSE T EAS o[RS 2 BE O At [ 58 AH OGSOk
TEHATEH AT, UK TPMT 4fi4 5848
IYAFERI RIS, 2% 548 55 B A AU g A 2
PRI, H b E A SR 24 B RS 5 R P
() R HEAFAE MR DG, A SR AE R T P SR AS 7R 43 By
HRBIE S 2 A 2 A8 B AR RE R e, B
YHEBf b S e TPMT A6 ) 285k

i BRI ALL LI TPMT ZRHE 24
PES 6-MP B i ME W A G . 45 6 v ) [ 2L
AT BECE 7R, thE ALL LS TPMT JE [
& 6-MP P16 F H I A TARAERI R4 24
M=z E 22l . REAE, XHEEH
A J5 MRS 5T 1 T 9] o
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