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List of Abbreviation (<l iyl 44i)

6-MP 6-Mercaptopurine

ALL Acute Lymphoblastic Leukemia

ARID5B | AT-rich interactive domain — containing protein 5B
AML Acute Myeloid Leukemia

ARDS Acute respiratory distress syndrome

AF4 All1-fused gene from chromosome 4

AMP Adenylic acid monophosphate

ABCC4 ATp binding cassette subfamily C member 4
ALT Alanine transaminase

AST Aspartate transaminase

BSA Body Surface Area

BCR B — cell receptor

CDKN2A | Cyclin -dependent kinase inhibitor 2A
CEBPE CCAAT/enhancer binding protein

CALLA Common acute lymphoblastic leukemia antigen
CD Cluster of Differentiation

CR Complete Response

CT Computed Tomography

DIC Disseminated intravascular coagulation
DNA Deoxyribonucleic acid

EDTA Ethylenediaminetetraacetic acid

ECG Electrocardiography

FDP Fibrin degradation product

FAB French - American- British

GFR Glomerular filtration rate

GSTM1 Glutathione-S-transferase Mu 1

GNMT Glycine-N-methyltransferase

HGPRT Hypoxanthine — guanine Phosphoribosyl transferase
IGH Immunoglobin heavy

IKZF1 Ikaros family zinc finger protein 1

IL3 Interleukin 3

IMP Inosinic acid monophosphate

ITPA Inosine triphosphate pyrophosphate

LBL Lymphoblastic leukemia

LDH Lactate dehydrogenase

MLL Mixed — lineage leukemia

MAF Minor Allele frequency

MPAL Mixed phenotype acute leukemia

MRD Minimal residual disease

MRI Magnetic resonance imaging

MRA Magnetic resonance angiography

NUDT15 | Nudix hydrolase 15

NF-KB Nuclear factor Kappa-light-chain

NOS Not otherwise specified

NuP214 | Nucleoporin 214

OR Odd ratio

PGx Pharmacogenetics

PCR Polymerase chain reaction

PIP4k2A | Phosphatidylinositol- 5 — phosphate 4- kinase type 2 alpha
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PT Prothrombin time

PTT Partial thromboplastin time

PNPLA3 | Palatin- like phospholipase domain containing protein 3
RUNX1 Runt-related transcription factor 1

SD Standard deviation

SNP Single nucleotide polymorphism

SLCO1B1 | Solute carrier organic anion transporter family member 1B1
ScFv Single chain variable fragment

TGMP Thioguanosine monophosphate

TGTP Thioguanosine triphosphate

TP53 Tumor protein p53

TEL Translocation-Ets-leukemia

TLX1 T-cell leukemia homeobox protein 1

TAL1 T-cell acute lymphocytic leukemia protein 1
TdT Terminal deoxynucleotidyl transferase

TLS Tumor lysis syndrome

TCR T-cell receptor

TKI Tyrosine kinase inhibitor

TIMP Thio-inosine monophosphate

TPMT Thiopurine -S-methyltransferase

XMP Xanthylic acid monophosphate
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Pre-pre-B-All (Pro-B-All) Precursor T-All
Common All Mature T-cell All

Pre-B-All
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Mature -B-cell All (Burkitt leukemia FABL3)
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[14]. lewans e WAL Ll jual aaasus o Cluster of Differentiation) CD
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Immunological markers B-cell lineage T-cell lineage
B cell lineage
CD19, CD22, CD79a +
CD10 -or + (Common All)

Cytoplasmic Ig - or + (pre-B-All)

Surface Ig -or + (mature-B-cell All)
TdT + +

T-cell lineage

CD2,CD3,CD4,CD5,CD7,CD8 - +
TdT + +

:(cytogenetics) duiuall 4l
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Aadl (g5lealll
Cytogenetic translocation Molecular genetic abnormality %

Cryptic t (12;21) TEL-AMLL fusion 25.4

t(1;19) (923; p13) E2A-PBX(PBX1) fusion 4.8
t(9;22) (934; q11) BCR-ABL Fusion (p185) 1.6

t (4;11) (921; 923) MLL -AF4 Fusion 1.6
t(8:14) (q24; q32) IGH-MY C Fusion
t(11;14) (p13; q11) TCR-RBTN2 Fusion

:(classification) il

FAB :(French—American—British)  JUas - ‘_,sy;\z\— il 1

[15].( lsaall—slsill= Lo Plgisall—anall ) duaysll L) J<5 o Glaglan o Galad) Capiaill adia

sall gglaalll aliaud FAB Caviess 15 28 Jgaal)

FAB subtype Cell type Characteristics Comments
All-L1 T-cell or pre-B cell | Small and  homogenous
(uniform) cells
All-L2 T-cell or pre-B cell | Large and  heterogenous
(varied) cells
All-L3 B-cell Large and varied cells with | Mature -B-cell All also named
vacuoles Burkitt leukemia typically
poor prognosis with standard
therapy.

:(world health organization) ciiai-2
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B-lymphoblastic leukemia / lymphoma

- Not otherwise specified (NOS)

- With recurrent genetic abnormalities

- With t (9;22) (934.1; q11.2), BCR-ABL1

- With t(v;11923.3); KMT2A rearranged

- With t (12;21) (p13.2; g22.1); ETV6-RUNX1
- Witht (5;14) (q31,1; 932,3) IL3-IGH

- With t (1;19) (q23; p13.3); TCF3-PBx1

- With hyper diploidy

- With hypodiploidy

T-Lymphoblastic leukemia / leukemia

Acute leukemia of ambiguous lineage

-Acute undifferentiated leukemia

-Mixed phenotype acute leukemia (MPAL) with t (9;22) (934,1; q11.2); BCR-
ABL

-MPAL with t(v,11932.3); KMT2A rearranged
-MPAL, B/myeloid NOS

-MPAL, T/myeloid NOS
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%0 Overall survival ratesfor
adult ALL

% Overall survival ratesfor
pediatric ALL

Ombiaall Calllly JULYY (e Clgie jdieg Guedd Al Ll d5lie gy alaia 2 o8, J<al)
o oatia ) Al (glaalll alianYL
( https://en.wikipedia.org/wiki/Acute_lymphoblastic_leukemia#/media/File:Overall_survival_rates_in_pediatric
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[19] - 1Y) die L) oy (Early T cell ALL) Ll
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Plall golaalll alian) ciage vie foe ) @ ad lly dsaall clbhell sl o
il translocation adlsall Jals Wit (1,19)« t (4,11)<Hypodiploid Karyotype, t (9,22)
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[20] .t (8,14) 5 9p 60 & lizrall 4 Hypodiploidy
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Cytogenetic change Risk category

Philadelphia chromosome Poor prognosis

t (4:11) (a21; g23) Poor prognosis

t (8;14) (a24.1; 932) Poor prognosis

Complex  karyotype  (more than 4 Poor prognosis

abnormalities)

Low hypodiploidy or triploidy Poor prognosis
Deletion of chromosome 7 Poor prognosis
Trisomy & Poor prognosis

High hyper diploidy (trisomy4,10,17) Good prognosis
Del(9p) Good prognosis

Yl (e %50 I Tan 1)) Male a3 1(12:21) 5 (e 50 (30 SST) cliiaall slaxs 535
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Prognosis Bone marrow cytogenetics

Favorable Hyperdiploidy > 50; t (12;21)

Intermediate Hypodiploidy 47-50; Normal (diploidy); del(6q) Rearrangement of 8q24
Unfavorable Hypodiploidy, Near haploidy; Near tetraploidy,del(17p);t(9;22);t(11923)

acigia L))l g3 ey Cieadd) e (golialll alian) o)

:0ncogenes 4., gll @il gall—4

HOXI1 , (& dmysll cliall aaanl Oligonucleotide Microarray  dus aladiul  oSa
Gay T = cell ALL ) sty o0 Ld 0sS of oSaall e (W HOXT1L2 , TALL , LYLI
NUP214-ABL1 adalugy SLS cpigyill ool Joniall tuns ddgeagall (alianV) Gigan ol
b i sl e Sl cassl (T cell ALL aje (1 %6 xie cains s, fusion episome
ccitledY) eSS Gy il Gladies el
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:Minimal Residual Disease (MRD) a,\! A pal) Lidi-6
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[20]8)sha]) Jalse cauen (gslaalll alianVl cpubeaal) JlaY) apall Choieat : 8 &) Jpaal)

Factor Unfavorable Favorable
Age <2 or >10 years 3-5 years
Sex Male Female
Race Black Caucasian
Organomegaly Present Absent
Mediastinal mass Present Absent
CNS involvement Present Absent
Leukocyte count B-ALL > 30.000 mm? Low
T-ALL > 100.000 mm?®
Hemaoglobin Concentration >10¢g/dl <10g/ di
Cell type Non-Lymphoid Lymphoid
Cell Lineage Pre-B cell Early Pre-B cell
T-All
Karyotype Translocation Hypodiploidy
Response to treatment Slow Rapid
>1 week to clear blasts from | <1 week to clear blasts from
blood blood
Time to remission >4 weeks <4weeks
Minimal residual disease Positive at 3-6 months | Negative at 1 months
(children)
Or 3 months (Adult)
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Maintenance Therapy

Starts 14 days after completion of protocol 1.

The first 60 weeks of maintenance therapy are subdivided in 6 periods of 10-
week duration each (or 70 days). Within each of these periods, the treatment is

as follows:

e 6-MP 50 mg/m?/day, p.o. in one administration, in the evening, except for
weeks of prednisone

e MTX 20 mg/m?, p.o. once a week, except for weeks of HD MTX or
prednisone

e PRED 60 mg/m?/day every 70 days for 7 days, starting D57-63, 6 times.

e Vincristine 1.5 mg/m? (max: 2 mg) IV every 70 days on D57 and D36, 6
times

e Triple i.t. chemotherapy (MTX + Ara-C + hydrocortisone) every 70 days,

starting on day 22 of maintenance, 6 times

(1 by Galal) b SlS agage) :EORTC AR2 L (JgSsig nl

Maintenance Therapy

Starts 14 days after completion of protocol 1.

The first 60 weeks of maintenance therapy are subdivided in 6 periods of 10-
week duration each (or 70 days). Within each of these periods, the treatment is

as follows:

e 6-MP 50 mg/m?/day, p.o. in one administration, in the evening, except for

weeks of prednisone
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e MTX 20 mg/m?, p.o. once a week, except for weeks of HD MTX or
prednisone

e PRED 60 mg/m?/day every 70 days for 7 days, starting D57-63, 6 times.

e Vincristine 1.5 mg/m? (max: 2 mg) 1V every 70 days on D57 and D36, 6
times

e HD MTX 5000 mg/m? IV over 24 hours every 70 days on day 22, 6 times

e | -asparaginase 25000 units/m2 IM on day 23 of each cycle, 6 times

e Triple i.t. chemotherapy (MTX + Ara-C + hydrocortisone) every 70 days,
starting on day 22 of cycle, 6 times

a8, galall A Mals aga 94) St Jude protocol total XV &l J S g sl
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« (palatin—like phospholipase domain containing protein3) PNPLA3 lg.le BN e Z\:.,&\
(GWAS) cijal (ITPA) (pa (ie duslasll Liga¥) Dy ke o) il Lnacd) daan of (K LS
Gusdl GlSie adle laalh sla golial (aliayl gl Gadie (St. Jude) Sie ik 715 e duly
ASI jiled Uiy dmje ST cilial) (oany LIS Taaad agaal ol asall of Aadydll <ijelal (6MP)
JULY) alysl #3le desana b ik 2285 e dald) Zuhll clia) {47] . casngll Zokll 2xy (ALT)
Gsed 3y ik 63 e (Cohort) Jasi (1 4y cujal LS ¢( Children Oncology Group COG)
(ITPA) s KA 23l o ang s Asbuall A pas 2 Dlall 1635 s sl (glial (alian) agl (adiiia
59k 53L) pe dlatize 94 adgalli (A) I (C) (e aisalSall s a3l Allg (r51127354) o3, i

(48] 4K Asacd)

JulY) vie Jall 5 sialll (alian¥) z3ke (A 0y sall LS o il Adai el Cilipall LICE) Cilaaill aaf 19 a8 ) J s
3V cm VY Calisal HLETY) A Sle Jaal (rs) & | cuad) )
5 ISl el
B L sl Lyl el
g s)
0.16 0.05 0.07 0.07 C>A,G 1127354 ITPA (s sl Japil)
0.00 0.06 0.12 0.10 A>C 7270101 e gl
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0.09 0.001 0.002 0.003 C>T 116855232 | NUDT15
0.000 0.000 0.000 0.000 G>A 147390019
13 0.1 0.3 - insGGAGTC | 55440599
0.48 0.15 0.16 0.16 T>C 11045879 | SLCO1B1
0.16 0.15 0.14 T>C 4149056
0.04
0.01 0.05 0.04 0.04 T>C,G 1142345 TPMT
0.000 0.009 0.03 0.03 C>T 1800460
0.16 0.05 0.07 0.07 C>AG 1127354 ITPA sl )
e sl

Aadlaall CNSSSI 0 b lgaliiind JUa) &3 Ally sl cliad) ale

Gslaalll (bl e @3Sy illy colially dalaiall 40500 @ihall il (e 5aS 22 35ag (e a2l
Glaall e aaell A8 saaill e €5 Cuald b))l dagall w3l e agylly (JULY) die alal)
i) gal) a0 T AICEN Claaaill o apaall (V) L gle€ £saY iliandd) (e el L Lehayg i il

3 ?5-) d_gd; (PharmGKB) ﬁ\:.A 889 2-1 LQM\ %)

ehay &adlse Al Sl samsl) cliad) o (6-MP) Gysall LS ye OOl daleiall clial) o
L)) daall UKoy g ys¥) Al L) Lot dalle dmaa YISy ciladiie i (g lgd S 220
L0y elgally elaall ANl daLay s (Swiss medic 4y gull Lukll A4l (Health Canada Sante

.(US Food and Drug Administration)
L) Glesanall lgie sl clisall ale duhay gt 3 dendl Clesans (any cuagl WS

.(TPMT,NUDT15) (s
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& L(6-MP) clsy (Dl 8e gl il dugpaal) oY) gl oa sa (TPMT) ail

a a8y . Ul die dnay) Aalladl) du)yy 3 Cus (sladek cweinshilloum) Jid e @lad) miyY) e
Asad Baecw Jaiye sa9 DB Aladl) amidia ((TPMT ) aixi) asag aSW Ga3ll e die e S
Aal) (golialll (ialioaw) ciage die Gyl Gl dega Ao TS St elld Gl ladgag diey cille

[49][50].

z 351 ((rs1800460) 3B 73541 ¢((rs1800584) 2 z3sai (TPMT) (pal <5 Gilarati 4 22

Al Gaall LKA clasetl) casyd ((r51800584) 4 z3sar hals 3A zsaiy (rs1142345) 3C
My Al ol 8 Aahide CNSHs p Osily dlall (glal) (aliaVl ulaas Jibl vie puge IS5
Glaaetl) ehal JAal 2 sl daacd) 5 Lee esBl duarii) Adlad dsmg Aislad) Coladpall il <yl
S9am Y Gus dails ye (TPMT)  (pad dabiad) 40€a) caaall o) (CPIC) cNiSsig p (pann 4AKAN
Laddl b ddaygie AT Gl e Gl dalall Cies Lag - gngalls 3padl (paul) die %5 g

[53] [51][52]-( 6—MP ) (ysal) e Jlantios ddass yall

Ji e 2014 3 (NUDTL5) cpal (rs116855232) ady IS4 aad e i€ Gum

sl ulad) JULYY vie cuad 32l sleddll (bl abias € Galisl (GWAS)
(6-MP ) )yl ili€ie e ety ( CPIC ) J 52 cilaagi Cygla 2018 le o . alall (g5liall
S pel Clinas U o Al Slaagtl) ciida LS (TPMT, NUDTIS ) J a2 30aill e slaieYl

[54][27]. Foyamsge 5 dng)l 4

rs74607156)  (NUDTI5)  (ual  ddla) &K s e L
63855 (6-MP) sl Sy Jand cleja Lo Lyl cps s (rS186364861,r5554405994

gl s J3E o S g A Y
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cilaaed Cadsl (A e dalall cacd SNl dath (yugual) die dailia (NUDT15) guad 4<al cilaaal) )

(rs1127354 1s7270101)c(ITPA)  Lgias oA cilisal

oaba¥) 2o olEl & (PharmGKB) J& (e 2- 1 (ssive (e Ll sa ¥ 488 5o cdal ) il 110 o8 g
sl g laall
(2B) (s sine (A1) G 5ien | Apand #) 5
NUDT15 2,3,4,5,6 TPMT 2,3A3B, 3C,4 | il Ll (6-MP) (sl LS 5
NUDT15 (rs 116855232)

i) 8 i ) SlaDU sl K sawilly ol IS8 Gl 905008 sl Lpas ] 1Auadially
(nudix hydrolase 15) «(TPMT) (thiopurine s-methyltransferase) el e celgal
syl O aladl) any s -(ITPA) (inosine triphosphate pyrophosphate) ((NuDT15)

.(Homozygous) lgis duslaiall Lla¥l Lualiy elsall cileya (8 Hpaes ks 53

3350 o G Y1 1385 ¢Ghe¥) g B eyl ALl WLl £558 (8 S gl sag

el dusslaall b el
NUDT15 g aujil sl Juadl

Moone g Al iy il 2535 (13914.2) 13 Goall dushall ghdl Ao NUDTIS (s aiasis
5le s ((MTH2) i (nucleoside diphosphatase) bl i x)ql< ol (Nudix hydrolase)
Claessdll L85 23500 LS5 (hydrolysis) dlilell sda i ¢ el pans 164 (e 058 0iis 3 00
3L Ualsy) Ly s pms g (OXidatiVe) dausY) bajd LY Aoy a5 (8-0X0-dGTP) Latial e

[42].(transversion) YL e e A Lall il

Loapdall Al 8 Lghsensg (yg90ll LS4l (Negative regulator)  olu alaie Gludl aniiyl o

‘; B:)RH‘ S35 cdaldl LLlL\S‘)AX\ draw uaté.’l ‘;mu} U:LU"” QLISJA Gluldia Jandl dusul = d‘gj.uu 588



72

(e Aadize Glbgiee Jullg (thiopurines) guyesill lial Chca D) A NUDTLS o
o ssnd ) Al e Al Sheadl (g5ie g i) oy g3k iy el S e il
[55] -(leukopenia) janll GlLSI daas all 0)50 a s Ally Cpsl) Gl

6-) aiar NUDT15 ajil of e aaams dsylas (Moriyam et al) lapdleys aliye Lalil <)Sd
TGTP/ J &l duuis 29ag dind (Lal) ae =¥l (1 (thiOpuring) (pygeall Jladll Syall sa9 (TGN
S e IS s s L) o Lasipall (it Al e daus (e il (s (0200 STGMP ratio
NUDTIS (s Jlass

O6TGN dalay (sl Sy liliinns Ciligivan 3 A a4 ol Goled) DS (o (il e

rs116855232) C415¢>T 3,1l s NUDTILS s e Jildall z3gaill (g oadal) L) dgaill

6 th|0 dGMP 6- thlo GMP
6- thlo dGDP ——— 6- thlo GDP
-thlo-dGTP -thlo-GTP

—
—_—
——
—_—
_~

DNA Incorporation RNA Incorporation Inhibition of Rac1

sesia) NUDTLS ol Jae a1 24 3, (<)

[56]. (

( https://www.researchgate.net/publication/306246940


https://www.researchgate.net/publication/306246940
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Ul clea Jaad axe e NUDTIS gaa A oASal bl S0

Mercaptopurine
i ‘Laf)a 258 = (NUDTI5 genotype) NUDTIS (pal sl daaill duyay 40)58 dual)y s
Bl el z3gaill (1 Ly 190 (& ((NUDT15 diplotype) cpsuall (ssiue e coall duly

Lo asly dill (ggiuns e ablacal agaal Loanse 61 ¢ wmpall Jans (0 (%73.6) J<i L (wild type)

(%2.7) o) (g5 e lylacal agadl ayall (10 7 ¢ aayall (0 (%23.6) IS

lexi (DU g e sl (ks (%85.5) (NUDTIS5*1) Lamsall Gall amg sils3 (S

(% 5.2) i (NUDT15%2) z3sall 2 (% 7.9) s (NUDT15%3) sl

axiyy ¢(%12.8) Lusty (NUDTIS5*1/*3) 58 a1 jilall Jaail) (d DL 25mg Blelye aics

(251 Jsaall) (% 8.5) dauis (NUDT15%1/%2) sl

ApsSl Ayl 038 8 Q) LSS s i1 a8y Joan

Allele Frequency in the study population
NUDT15 Genetic variant Protein variant Propo
allele rtion
(%)
1 Wild type Wild type 89.5
2 C (36_37insGGAGTC; P.val18 19insGlyval/P.Arg139C | 5.2
C.415C>T) ys
"3 C.415C>T P. Arg139Cys 7.9
4 C.416G>A P. Arg139His 0.2
’5 C.52G>A P. Val18lle 0.8
6 C36_37insGGAGTC P. Val18 Val19insGlyVal 0.4
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Aol Ayl b Gl L) A iy 112 a8y Jgan

Composition of NUDT15 diplotype in the study population
Diplotype No of patients (n=258) Proportion (%)
1*/1* 190 73.6
172" 22 8.5
173" 33 12.8
1°/5" 4 1.6
16" 2 0.8
213" 4 1.6
2*/4* 1 0.4
3*/3* 2 0.8

L pes Lialids) Auahall ciasg am ¢(€.415C—T) (NUDT15%3) sala e 3S5ll (gl Ay culiy
sl Ll Gamy ¢(r8116855232) T Jal¥) e Jalll = 3saill d5mg die sliaul) <l slaws b
Canll LS alass & Galiad) of Jasgl LS el e (J6¥) g ls sl Lo WLe ()59l (2 yadl)
homozygous variant ) cusaall e lasase (T) z3saill 05 Lanie ¢ yul (35S cilapteally ¥l
oSl L (BUsal) sl 2ol e (e pbid 8-4 DA (ol Tl iy Cua (alleles
5shal 3l ae NUDTIS J gysllall z3laill (n aad Jalii) ang s (a0 adyy 8 2l cilagasal)
P-value (9=OR) c¥iidl Lagis (0.000253= P-value (15 = OR) (aull @b &N ais gl
J ol J<al o Loy agag Van Gennep g a6 duwde daali cjelil L(0.002 =
5.2 = Cl 95% ¢6.9=0OR ) ()5l CliSyar laynae pian LS ol jskis NUDT15C415¢>T

[41]. (9.1 -

(c.415C—T) (NUDT15%3) silall oL =3l Cibiae e Algall Gpandl (oo 113 85 Jgan

NUDT15 rs 116855232 genotype
Log- Dominant-
additive Model
CcC % | CT % TT % | OR(95%CI) OR (95%Cl)
N=68 N=18 N=6 P-value P-value
Yes 20 294 | 13 72.2 5 83.3 <0.001 <0.001
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Leucopenia during first 60 days
NO 56 82.4 13 72.2 1 16.7 3.33(1.20-9.29)
Yes 12 17.6 5 27.8 5 83.3 0.001 0.026
Hepatotoxicity (AST/ALT > 700 lu/L)
No 58 85.3 18 100 6 100 - -
Yes 10 14.7 0 0 0 0 NA NA
6-MP dose < 30mg/m?

No 46 67.6 7 \ 38.9 0 0 5.08 (1.8-14.03)
Yes | 324 | 324 11| 6L1| 6 | 100 0.001 0.002

Omeben (r5116855232) TT jalall z3gaill cplaladl cmpall o Crusaad 3yl calads dudys ciamg LS

Blaar @lldg JoSsi05l) 3 55l dejal) (e (SD=£7%) %8.3 (sm Isbany aly (pya5ulSpall S|

OMP dejn o olua TT il z3sail o8 dinen A b il e oS0 sl xie %4.99
[57].%60.27 ey sadn

Jasd Cua CC L) 7 3gail ae &3)laally ellyg (SD=425.4%) %63 )skens 38 TC 7 3saill Ll

dogane il ae dgliine ol dalad) bl o) 5) el deal) (e (SD=%22.4%) %83.5 (all

O - sl e CC3TC ikl sie dejall (e %80.1 5 %62.5 (g9 (odayall Jasy ol Cun COG

TC alall z3sall cplelall caslilll xie %33.33 il 6MP de ja 50
deps of cladl gglialll palianVls Gulas JUbl e cujal Zilsls —daiea Ly Cing LS
by ((homozygotes) wlaiall jilll ladl ANV ape de 6-MP J1 clsy Jeas
44.1 mg/m* *30.7 mg /m? (9.4 mg/m* cul< (wild type) ailall z3sall «(heterozygotes)

39]. sl e

el asie o(TT) GaasiY) Adledll oiniiin cinye ) (ounpall Al dugin £35S dulp b

el ey dalleall e g Ui 35 Jshl culS Cun . (CC) LaaiY) ddladll e ((TC) daasiy)
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s 16 culSs 2 deganall W cag 30 Al desend) Jilier ag 169 Y1 desendll vie 4)5l)

[56] -.(P < 0.01)

LS (gginn S oy OIS dnulall dnaiiy) ddladl) (553 (iapall of duyel) Al sl

napy) el 553 el e 710% (1.11440.295) Jilias °10* (3.5840.5751) / Lol
il sy 05 (P<0.01) Al &dladll nidia cnyall die ?10* (0.62020.254) 5 dassial
«(9-8+1.1 g/dL) ¢(10.11.1 g/dL) dimidialy dacssially sl diassiy) Adladl) (iaje i liad
F10% (11543 ) /L °10* (137£53) /L cilasiall Jiadly .(P<0.01) sl e (7.4+1 g/dL )
z3sall amye die ol Bl Asend) o A8l Al b ang il e L gl e O10%(9£5 ) /L

[59] [56][58]. ilecall dlnjas dallaall 8 DA T z3saill vic ilims ianya (4 Ipans aly «CC

(exon3) (susSY) (ssine e pagn Ally (r5116855232) NUDTIS cpa (8 Biihall (g

P. ) (cysteine) guiwndl ) (arginine) cuissyl i) (aesll Jaiy Cum agiy) a8 s )
sl e i) S Al (agesl) s & s ) layen sa55 Sl (Arg 139 Cys
e i sy A 2a5 O o(als o ol auSs o) aiY) b il sl s RS V) s
(intramolecular bonds) 4 Jals Llg) lud s <llyg (protein stability) sy dals Sl
535 s (helix 82) (sies o ai¥) A b s ) laysn (535 Al CupSl 2518 Ty IS,
Gl S Galud) DI ) dlay L . (proteasomal) duw sl cilasad) & asiDU ape s ) bys

L) a3y Ll (53 BN A s 3 Cuall 8 e ) ol daL) ekl o) 4la) Carter

P. Arg139His, P. ) [l J<a &1 i) (ggiue e s ) a5 Al cilyils aag LS

[27][29]-(2 J<ad) (vall8lle, P. vall18-vall9
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on outin) NUDTLS sy diad¥) agand) a5 (gginna o sl z3lail) 16 o8 )50l

( https://www.haematologica.org/article view/8533
@Y ¢ NUDTLS (pad ASEN 2003 o (DA
B ams ¢ 3heV) G aS JSds calidy (s 116855232) NUDTIS sy g5 O S e
3l s ((%3.9) dawsy (Hispanic) cliligl) agady sl @)all xie (%9.8) sy ikl
Ol A Aald) skl o Ll Ay & s LS (4 saall) (%0.2) Gasts Gangys¥) die las
@slalll (alianl Lliae Tlid 121 e byl cupal G o Sl paindll 8 deild e il
TC z3saill e cily Lpusiall he 2aly Gasye vie V] Bl (23S g calal)
116855232 aa,l <13 NUDT15 (pa e (T) Lalall JuBU (MAF) djea) Liasyl daws )
%15.7 dpaill CulS Jiall adinall i 2% 14-2 o bl davill 755 ccladinall G dibid

(S adinalls % 2 eb (9AY) ladinaly i La) das of % 11.6 sl acind) Ll


https://www.haematologica.org/article/view/8533
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Lnidie il Ljray) HLEy) s o) 8D e Y Dal sl xie % 5 coulse ) xie % 8.8

[281139]. % 0.4 duwiy cuililll e fas

e Calise G iUl QY1 3155 8 DAY 114 &8 Jsaad)

Year Author | Ethnicity | Sample size Genotype Genotype AZA dose
counts counts (mg)(mean+-SlI
(case) (control) normalized )
Case | Control | TT| CT| CC|TT | CT | CC TT CT
2014 | Suk-kyunyang | Korean 346 632 | 14 133|199 | 0| 43| 589 2.335+- | 3.6997+-
0.485 2.145
2015 | Y kakuta Japanese 34 101 5( 10| 19| 0| 13| 88 NA | 1.613+-
0.891
2016 | Ayumi Asada Japanese 45 116 | 2| 18| 25| 0| 14 1102 | 2.12(0.872) 2.26+-
1.130
2016 | X.zhu Chinese 65 188 | 4| 36| 25| O 17| 121 NA NA
Han

Aanayal) clubl) sl Juadl)

rddaal) cilupall

i e e o any 0 A Cual 2017 sle B (dsld duby) V) Au e

136 duball cileds Gun SICRH XV JsSsigpm zokall 28 als (gsliad (alinyl agl Gaiddia

Jesa (30 %56.6155) S (e Limipe 77 ¢diw 6.63 (oiapall Slael ag oIS (Liase

Bpshall ey augia 1551 (oapall Jane (30 %48.9 Jlsn) (el (50 Liasya 66¢( el

Jaci (ya (aye 107 2 JUIS odayall 555 86 Aal) (gslialll abiandld o lial) Taaill Lailly Ll

Lol 5o sy s Pre-B with AML laail (ya (inye 2eT—Cell laail (4 Linsya 22:Pre-B

Liaiye 82 ok LS .77.39 oIS Cum duhll o3a b dejall 508 s L ey Pre-B
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Liage 12 jsh LS .6-MP cilie Jlaxiad 2 Ve (aili can (oapall Jane (3%65.1)
g5 Ol NUDTIS ol (Al aaaill dacily Wl L8 daaws (el dane (0 %9.8)
&) e 15 CC Laill e oyl dane (30 (%99.3 () Liasye 135 : JEIS ia sl
[28]. TT Jaaill (o aige sl angs aly Aawinl) Bhe 525 CT Laaill 04 (%0.7
Oe die Glo any AT 3 A cujal 2019 sle i (Ghad) Jled & du)) Aol Auhal e
(Liaiye 74 Labal) cilas €0aCOG JsSsigpm el 2 ala (golial paliaul pgd Gadiia (inye
16¢(ioall dane (30 %58.1 sa) S (e Liasye 43 s 6.25 (wmpall lael s o)l
alls Wl L8)9hall ey Jaugia 1S ((ayal) dane 0 %216 dlsn) (el (o (13
3Pre-B Lasi (3 Liaye 70 : JEIS iyl 558 0S8 slall (golaalll paliand] e liall Jaatl
early Lall (e iy 05 Pre-B with AML daaill (e (g 1cT—cell sl (10 (ai3e
Lage 16 joh LS .95.380)S cun dubll sda & dejall 535 oy lwe .Pre-B
2 9 ysh LS .6-MP il Jlasind aay clVae Gali e (el dase (0%21.6)
£355 O NUDT15 ol AN sawill daclls Wl &0 Doaws ((oapal) dane (0 %12.2)
Uaye @ 2as als (CC Laaill (o oyl dase 0 (%100 (5l) Ly 74 5 JEIS sl

[52].NUDTIS (s (8 8yeha Jesy

daallal) claddyal)

Sle aDlys J.J. Yang di ge dadyr cusad 2015 ple 8 i (Lgal 3)d dal) SV duhall e

Gun Ailal) Alaje 3 6-MP Gzl 28 ala (gsladd alianl agl padiie aae (00 die
el CC Lol (g Limspe 624 1 J0) IS e oyl £555 1S sy 657 Gyl e

O Bkl TT Guailaiad) Jaail) (g (g 2 «CT Guilaiall e Jaaill (e Liasye 31 <NUDTIS

il Lol e 3Ly ellyy 6-MP deys 528 o oIS 116855232 2,0 <l NUDTIS
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5oaadl desall (e %83.5 CC il Ll ape Jead Cum 1 S NUDTIS (el
TT ual) baaill iape W Aol o %63 CT cual) laaill iaje Jast Lai «JsSs39 b
[41].3cya]) (e %8.3 Ladd sleat 2

e Lo Weleys Moriyama Ja e &y cupnl 2017 ple 8 (RSl dudyy) Lulill 2l
Gled Cua Dball daje A 6-MP Q 230l a8 s (goladd (aliaul agl padiin piare (10
el CC Ll (g Liasye 362 1 1) (K81 Lo cyall 555 OIS Liasya 371 Al
Cea Syalal TT (uilaial)l Jaail) (e pranye 0 «CT Luilaiall je Jaaill (e (a0 9 (NUDTI15
sl haad) e 2l @lldg 6-MP dejs sas awy oS 116855232 a3y <l NUDTIS
soadl desall (e %80.1 CC il Lol mpe Jead Cum 1 JGIS NUDTILS (el

[27] Jdesal) e %62.5 CT iall Jaaill mpe Jos3 Lais «JsSsig s
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:J ) Juadl
:adianly Gual) dpald
Llge danss el g Jggaad) Glapudl JNy Ly (el die GUajes auil 5o alall (golaall) Galian) ()
(%80) s sladl) ot Jea Gun Tl Liaye (gloalll (mlimad) 3ad Lulle 25al) 8 die U el Caneen
I alaall) aal (e dadlead) UM (e dilang Gyl sha o Laliad) ols A ¢ SBal an
5 g ¢ 3T5 anye (o dadlaall il sl & ClEa) dgag Jaadl oSl . Lghiiatl Canlall as
[29] - DAY 138 (s Adyma 8 Laga ign ol clysall ale
doyges o3 NUDTLS cpmd oISall o3etll jlaml g duyo (o3 sl llpsal ale e ALE Eludys a5
cele IS basgidl jadll Jgo Ay pals J<

el sl Dise Lhaass Bieally cpall s3¢] SNPS ga o 38al) o3a g dijaa )
Jod CllSy pmnpall eloall Coyen (RIS (e it Liads cdalled) o Baad Sl (g sk 38 ¢

A o3 ) Laaal b s ey Aalleall GUDEAY dai aball B Gl
Gl Gilaad Ll
(o) dagl) o
Bew Gpan 3 15116855232 &) iy NUDTIS (el K&l bl ab dipee o
Al gglaalll alianVh cpulad) die ¢p)0150lS5all
Ll alaay) o
dyge 18116855232 &8, <y NUDTIS (pad &€l clolail) audl dijee @

Gagual) painall 815116855232 3,1 <ld NUDTILS sjida il dowi ddjan @
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candl LI alias) awg) (pyssilal L vie sl @il Gigaa Jie dipa @
(32 yilaal) ¢ laly ¥ el

lalali Al dejall (o dugie o a5 (dOse intensity) (s sulSall deja 82i Jawy Clus @

JS5ig e anall ity o G iaall o ) Aoyl g Slad (sl

Ald)yha g Cuall) asaai—2

:\.ubm\ M—I—Z

(Cohort study) Jasi (e aaly Sl @l Ly :du)W g53 @

lgilag Al lai—2-2

b JULY) Bang «JULY) oo dacy Bang) aludl EDE 8 aalal) 3ol Gade iAW) e o

(‘:;Mléj‘ ‘f‘g‘):\.\j\ GG.JA.A ‘__f eﬂ‘ 3aag ‘Lz;ﬁ.ﬂléj‘ ‘._?1‘9‘):1;]\ ‘SQAJJA
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Oaxalyally adll 5aliad Cpmalyall amyall il DA (e dlall (golaalll alian) aiaye A8 e o
Gllsine (A Calaasal) odapall @lile ) sagall DA (g raladl (Hgpul) Gadie (8 dass 5ang)
t b L @2019-2018 il b adal)

eally aval) AES jaiiag Johally (38l1S dpaddl) Claglaally adall & Joail) cile Cilaglae 3T
Alual) A e Dl die g Gad il xie

GL)SI 2228 )Y Jalgall 283 2 (immunophenotype) (iajall eliall Laalll Jusus .
¢8yshadll Jalse Crun (il Caiail (andill 4y e cytogenetics Ll Aavally (anll
o IS palall JoSaig pll paas o

JsSsisn Wl «JUlYL dals c¥sSsigsm L 17 o Ji apjlecl il Gl Ll 15t .
R aalld (Bygladll Jalse cwa ellig St-Jude protocol total XV J<sig 50 sl ECOG
Sshall e cmpall Wl ) JsSsinnal kel yshaal) Alacusia of dcnbdia Syshad alse g
+ B JoS 59l )galid

Cea &lldg GR-AIl i HyperCVAD (i oKgig sl (e aalss di 17 Gsb sleels oyl #ls .
el Cudall 42
o) i) B adall duyoall agienlye el 8 ompall 5l 8 Basmsall lagleal) cilals
ol Lo Lt 2] um ALl Al ya e ISV
daalie JS (8 acenll ABS jrdiag (amanyall Johag ()9
danlye S 3 335l 6-MP olall de

daabye JS 8 ash) iledlly e el Giand) LS alaes
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Yool Laals ket dualiy slgall sl il o
Aslaall dlsye b dalleall o] 8 Vo ali aal CVs ang Jo dijee @
of ia 50 CulS ECOG US55 5 Lloall Al yar 0l ol 3 6-MP J dyjlndll deall o) .6
CulSh cpallll Aadledl NS ss A5 Pafale 75 s St-Jude protocol JiSsisn 8 Ll
2o/l 60
.(6-MP dose intensity) deall s0d Gl ga liiuhs (e Sleill cangll o) .7
e Blaall 5 il /i< 2000 358 () LI e Laleall ellyy 6-MP deja cilie .8
A 95 /50.000 Gst wlasiall
Aalleal e g il ol 08 o iged dpans okt die Gulad) glsall deja cilie LS L9
sl e (sasl) adll e o 3 Linany NUDTIS (pad Sl a3t (gal Ligad die cands .10
Ll B el cpad sieaas culaily EDTA a5 sliae (s5n
Al daled) Al & duelially Vsl Ll G ad 3 (gpiall Jasl) dalye cupd 11
s A dabyall ) desll a2y eyl
(Jena— @ludl el jawmis Jie cuSalaiiul Jame oy die 0 DNA D Jie clall Jje v/
20 Hhs da)y dalad) Sl Wia 5 caiaed) Sladas Lagl Eua ([Bioscience Germany)
il Al Uil i aspeln 3
Sl oS5 (Spectrophotometer) aladials (adaiuy) s DNA - 35 a0l bal) 585 v/
.( Taiwan« ProMN913A. Maestro NanocMAESTROGEN) i<l (4
48 2123l rs116855232 o8, wld NUDTILS ) gl sl Jaaill 208 :PCR Jelis v

1 AU ellyg .Sanger dagy dladal) alasii) 3k ooy PCR



86

O\Ss (Reverse) iuSlas 5l (Forward) Lall dlade slail ae (s f) clial cuandial _
Forward 1 AAGCAAATGCAAAGCATCAC Sl Il clalll 4 clangdSall s

.Reverse I GGCTGAAAGAGTGGGGGATA

teh b e gsing (20 UL) aaas PCR Slgas mdail) Jelis )

[E—

(g3 OS e (Ul

(UAls Laiye (s dibide 3S0al) Lall die (e (2 UL) .2

i) el e (6 UL) .3

.(KAPABIOSYSTEM, KAPA2G, KR0374-v1123) 4k (Ko jiwldl) e (10 UL) .4

.( Germany.Lab cycler SensoQuest) i<,k (1« PCR jlea alaaiuly delall aala

Oe 5393 35 5 (@A 5 5aal Gessadis A5)3 95 1Y) Als el s Jdal) vie AUl dag il i) —
i35 52 Hlys 4ayn annealing dls jo 24 Al 30 sadl (ugadis 4303 95 8)))» 45,0 denaturing
Aaje 2o e o8 Al T osad Gugsadis A3)2 72 3yl A5y extension & «duslh 30 sad ugsads

383 10 32aly Gegiadie 423 72 5))a da )y extension

aal lgde (sl Lall (e adad e Jgeasll 53 PCR lga aladiul adanl) ds je 4lgs o
rs116855232 lgwdais lebie cagenal)l cuall e ggian ally 450bp long Jsks amplicon

.NUDTI5

gl adadll s (gaal ,leV) Da (e (Play shal v/
A5 i Al dlaje chal cle)l 23 sy — 20 s dsyy dplad) clil) cud v

.Macrogen
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290 300 310 320 330

WCAGCTTTTCTGGGGATGCGTTGTTT AAAAGANCAAGGCTATGATCCC

290 300 310 320 330

Al @y NUDTLS s gins Al amplicon J jgle¥) ey JSbyeS By (@ 1 i) mag 17 a8y 8)seall
Ethidium ¢ lua ) % 1.5 55,2V Dl & Cieng PCR il 00 jid 580 5 .PCR ¢ha) 2 15116855232
UV les alatial daladl gl Uy dswidl B8 28D Dlgdl (aied 2y Giluaall L3, 2 .bromide
I NUDTIS dugpaall ol e (s5ias All amplicon aladl dbdu sl 3 (d (€ (b (Transilluminator 365 nm)

el uall ball e Cayerll ellig rs116855232 40

(2 4 A3 Algs b Gall) Al Aalal Hlacy) b Akl duad ) Cilogleall L 12
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Ao (e SEI prdlie o sel Glegledl) Jlay) Uy &g EXCEL maliy e ety clilal) caeed
AilaaY) Luaa¥) () .(STATA version 6) galiy alaaiuls cujal ilaal) cllaa¥l IS (Jaay)
(descriptive  asivag cillial abdiul cradly @l ciued .0.05 e Jif P-value ciyaally
Lugie ¢(standard deviation) (s)bae Cilail ((Mean) Jawy J<G e mitul) u)é.k\ statistics)
43zl mann-Whitney—-u Lol e..\&.b.j .(continuous variable) syciwall ¢ juxiall ellyg (Median)
a)@_ﬁ} (Hardy—-Weinberg) ialaa aladiuls i bt IS HS st s Bpatesall il G
Jias (5l NUDTIS gpaad ioal) Taaill e sliieWls insall i . (Chi-square) Laal alasiul,
Lppal) Jalgal) aa Lgdasyg daiadl Jalgall Ail) Zaaal) aaasl G paiall 2asia (regression test) lasay)
Ji ) lSl) dsil) dsad) IS5 daws ae NUDTTS cpad ASEN aaill 3Dle Lk« Jiiee IS0
On SRY) 3 LS L(Cl 95%) 48l Jalaas (Odd ratio) Sl cas cud (Pas [ 2000 (e

-(Kruskal Wallis) jlaa) aladisl 6-MP e a 8adiy aand) LS dlast s iayall Gilegans
:MAD: c_é.uw —6_2

WHO  3is auits dastal 5l mlaaul€ jallam of oSa lly daialll cleg V) Gl e gamll ()
108 S Giie gaaa ) classification

- Precursor B-cell lymphoblastic leukemia / lymphoma, also called
Precursor B-cell acute lymphoblastic leukemia (Precursor B-cell ALL)

- Precursor T-cell lymphoblastic leukemia / lymphoma (Precursor T-LBL),
also called precursor T-cell acute lymphoblastic leukemia (Precursor T-
cell ALL)

ala QQJLMJ u.a\.aag.l‘ ji 3\_:\.9_; z\.A}.Q.AJ L_Al e.«.u.aﬂ L.a_.}i D.JAJ



89

L dadd cileg )l % 25 > 5 AT S ol daieaie A dlia IS 13 dasial Al s Lppu -
Nl Ao Glelia sag eloe AL Daidd Slag )l % 25 < L Ledie LSyl and ey -
oyl el dibide il allall cola (K oS
JULYY ahygl 2 3al drmnadtl) day sang & alall (glaal) (alia¥) 2ole 5105 @
.St-Jude protocol total XV 4 ECOG :lua
L melall Syl ada adl Bany b olall (gladl GalaaY) 2Ole JSsion @
.GR-ALL 4 HyperCVAD
eralall Gigonll i & JULY) alygl sy 8 alal) golaalll Galima) 2o JoSsign @
.ECOG s
canall kel Al 28l 6-MP deja duw icaaill (dose intensity) deall sai @
i) S5 ) amen Walaly (o amy ) ddgaagall e jall Lled
Loglasll L) anas (e ¢ i) :(Treatment Interruption) dalledl (o ¢ UaiV) o
Sl dand) e o Ausenll Faand) Caes ol ) e Ailpall sy ol B
Uase (e iy (5 3 UJL 500 358 AST/ ALT Gl jiledl) g lisy) i)l daacdl @
Lkl
Jal ) Sl (lids) (grade3): Al dasall (e dseadl o Lo ol Ligedl dacdl @
S (58 50000 e il clasiall palias) 51 il 5 JS (G elian 205 2000 o
R 9
e 60 DA Giany (2 Gl LS (ol o tcipaill SU (ol GLSH ol @

Ll Ala e ead) Cpe
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Ssianall Cliblgal) 321 5 ¢ 3iad Anals 8 Condl CLANAT dind (ha Youal clilpall 31 aay Al e
) pgdl L sl (mnall senl Tas dlliy gl opal) (o sl oumpal) o claas¥) sl Y e
Al agl)ig

lagleall 2B 255l ) 5 o

oSinda Dle] (53l oY) 5

(3l (380) Byticsall dadlgall z35ai @

sdalial) AJ\}J\ -8-2

coralall gl adie b JURYT ol sangs daw Bangs pdl) Luadd Guealyall ciasall clile @
seralall ol dda (8 asase 5250 —MP clsy e

omelall gl e b Clally LSl Ciagatll o

(Jena-Bioscience Germany) Syl (s A5 Ll Jie saie o
.(KAPABIOSYSTEM,KAPA2G,KR(0374-v1123) i)k (& sislall @

.(Forward and Reverse) cilyaly of <l o

e 3 daw (flae @

il slad EDTA e (g5t o) paad canlil @

:gaal) Al Aalad) Ligll i Basnge a5 A B)gaY) e

( Taiwan)c MAESTROGENAS, L (1 sag(Spectrophotometer) Lall 5S15 saanl jlea -
.( Germany.Lab cycler SensoQuest) 4<)k (1 sa5 (PCR) Lall mdat jlga -

DY) Dl aladsul @llyy SbopeSl (sl Sles -
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.(UV Transilluminator 365 nm) jlea aladinl daladl jeuall Ly -
f G Juadl)

:c_\‘ll'd\ -1

:omadl glﬁd\ daadlly apall alda —1-1
NUDTIL5 gpat Sl daaill e 155 climnye (107) sl jules cibginn) 3 duhll die aaa 2l
Y JSE e clegana SO L) rs116855232 48,1 il
100 e degend ciginl G ((CC) NUDTLS ) s (e @l z3sall Caain 1 91 de ganall
% 93.4 iy jaie
«(CT) (heterozygous) daludl cpal) cavad ) Balall (e (eilaiall ez dgaill Craa 1400 de gandl)
csayall Jana (0 % 5.6 Aoty aye 6 Craia
228 i ¢(TT) (homozygous) cpall cavan Sl Sakall (o Guilaiall z3geill Craa 80 de gandll
% 0.9 Ay Lad aaly e de ganll

NUDTI5 l cisadl daaill Coouns Ayl e g5 consi 115 ) Jsaal

NUDT15 (rs116855232, C.415¢> T)
Total patients CcC CT TT
100 (93.4%) 6(5.6%) 1 (0.9%)
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Canal) giai dueLaa) Jalse 3sar Al ok 38 claaball (pe das S g3 uag 8kl Aiilae Cilaus

Sylaial) Alailae b K] dlaxil) Ay ¢ o3l Asbladd Luailly _adall Jsuagll e

rodall sy oyl g0 @

(%59.8) Gauts 64 Lkl e 3 Jlea¥) 53 23
(%40.19) dats 43 Luhll due 5 Jea)) GLY) 2
1:1.48 by ) 5sS dyla) Ay

ol s Ayl (imye 2358 i 116 a8y Jsaad)

NUDT15 (rs116855232, C.415¢c>T)

Total patients cC CT TT
100 6 1

Gender
Female 43 (40.19%) 39 3 1
Male 64 (59.81%) 61 3 0
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e slel DSl s of Bangl Cun cdegane IS 3 drmiils LYlg HeSA) ae iled) Jsaal) cpn
z3sall Ll ((CT) z3gall 3 liYls s oy Ligluia (IS8 saell Ll ¢((CC) allill  35ail & LY
sl sasly dmye gynd (TT)
Pyanll @
4319.6  jenll g gy
slealll (aliaVU cpbadl uall) e 2ae Jaal Cun) 2w 56.2 a 0.9 e ipdl) lach cingls
(L sl

NUDTIS5 ual cuall daaill oy aiayall jlec) acigia 117 o8 Jpaal

NUDT15 (rs116855232, C.415c> T)

Total patients CcC CT TT

100 6 1

Age (Year) 9.6 (0.9-56.2) | 9.7(0.9-56.2) | 7.5 (3.1-24.5) 5

:(BSA) auall AL jeia @
2o | pueall A jadia Jaesia iy
a2 50.52 G Wiy sl A Cilpedia cang)s

NUDT15 (rs116855232, C.415c> T)

Total patients CcC CT TT

100 6 1

BSA.m? 1(0.52-2) 1(052-2) (091 (0.6 0.71
1.75)
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:(Immunophenotype) )l =Ll baill Cuay ayl g5 @

b e Y1 Jgaall (e ol

.%72.9 dusy (Precursor B) Ll agaal (< (mi5e 107 Jual (10 78

%11.21 Zawsy (T-ALL) Jaail) agadl (IS (miye 107 Jeal 030 12

.%8.41 sy (B-lymphoblastic lymphoma) Jaaill agal (IS (asye 107 Jual 32 9
.%6.54 4wy (T-lymphoblastic lymphoma) z3saill (e iy 107 deal 00 7

% 0.93 jslam ¥ Jas ALl 4wy (4 (Bi-phenotype) Labiaall J<all L

NUDT15 (rs116855232, C.415¢>T)
Total patients CC CT TT
100 6 1
Immunologic subtype
B-lymphoblastic 9 (8.41%) 8 1 0
lymphoma
Bi-phenotype 1 (0.93%) 1 0 0
T-ALL 12 (11.21%) 12 0 0
T-lymphoblastic 7 (6.54%) 7 0 0
lymphoma
Precursor B 78(72.9%) 72 5 1

retial) dallad)l JsSgi9 0 s (el o5 @
Allyy EORTC ART JsS5i5 50 sy 5yshall  atiied Isbose (JhaY] (e aglanas ats) Liniye 57

.%53.27 dsy

llyg EORTC AR2 JsSsig  loilis 8)shdll  JangiaS Iolage (JUbY) (1o aglesas pag) Linse 23

.%21.5 dw
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i3y St Jude VHR  JsSsi5 5 15y 8yshadll laS lslase (JULY) (o aglenas atg) Liniye 12

Yo11.21 Aoy
%10.28 duuiy cllig HyperCVAD JsSsig ys 15l (il (e mglens atg) Lianye 11
o 2.8 dausity Alldg GR-ALL J6Sig p I6al (il (s pglonas ads) (oiare 3

il dadleall JsS5i5 51 o dapall (aye g5 auad 120 o8 Jsaal)

NUDT15 (rs116855232, C.415¢> T)
Total patients CcC CT TT
100 6 1

Protocols
EORTC AR1 57 (53.27%) 52 5 0
EORTC AR2 23 (21.5%) 23 0 0
GR-All 3 (2.8%) 3 0 0
Hyper CVAD 11 (10.28%) 10 1 0
St Jude LR 1 (0.93%) 0 0 1
St Jude VHR 12 (11.21%) 12 0 0

18)phadl) Canial sy wayall s e

%54.21 sty Gl 5shdll atdied |siiia Linyye 58
%33.64 Ly @l 5shall o giaS lgiiia Liasye 36
%12.15 Gausiy lyg 5yshasl) e Isiiia Linsye 13

ol Byshad s Auhll (i ye g5 i 121 6B Jsaal)

Tablel: Characteristics of patients with ALL according to NUDT15 genotype

NUDT15 (rs116855232, C.415¢> T)

Total patients CC CT TT
100 6 1

Risk group

High risk 13(12.15%) 13 0 0
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Intermediate risk

36(33.64%)

35

Low risk

58(54.21%)

52

Hlabal) A 8 CpsulSpuall Aulall il sk Jaa @

o) Sl sk Jaee —1

Ol (aseg Of ¢ omral) dane 00 %45.79 dast) msall (30 49 die Gl GLSH a5k
457 Sng o 20 O Gl Goill zoli dus) as 118 lss ()l GlySIl (s sdail o)
(o2

42 Nsas TT z3sailly J8l5 (NUDTIS g (00 CC z3sails oY) 58 Giled) ol o ¢
a2

SHEPN|
NUDT15 (rs116855232, C.415¢>T)
Total patients CC CT TT
100 6 1
Leucopenia

No 58(54.21%) 58 0 0
Yes 49(45.79%) 42 6 1

Days to first WBC toxicity
Mean ( min-max) 118 ( 20-457) 129 (20-457) 57(42-69) 42

Oy () dane (00 %6.54 Jisa (51) 107 Jual (g0 T (o ye 7 i Gilagiiall i ok
it CC zagalll o ouiapall (S

(622376 g 2 21 G Golad) i) 7)) o 137 O Glastialls i jolail el Jasas
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Gilaseal)
NUDT15 (rs116855232, C.415¢>T)
Total patients CC CT T
100 6 1
Thrombocytopenia
No 100 (93.46%) 93 6 1
Yes 7 (6.54%) 7 0 0
Days to first PLT
toxicity
Mean ( min-max) 137(21-376) 137(21-376) - -

L CC CJ}A.J\ L)A(SAA‘)AS\ KoK ‘(GAAJAI\ Jana QAO/O 4.67 Z\_MA.\.\) (e 5 xie LK ”L]

Lo Dpae ol e dahall (cimpe g6 ad 124 8 Joaall

NUDT15 (rs116855232, C.415¢> T)
Total patients CcC CT TT
100 6 1

AST/ALT >500
No 102(95.33%) 95 6 0
Yes 5 (4.67%) 5 0 0

tdala ‘)_9.‘:3 dda.n _4
OS5 el 0e %5.61 s l) Jasalls (pimpe 6 3ie sl Cannas duals sl

Lals i e Al (pdase g5 i 125 o8 Joaall

NUDT15 (rs116855232, C.415c> T)
Total patients CcC CT TT
100 6 1
Alopecia
No 101(94.39%) 95 6 0
YES 6(5.61%) 5 0 1
pha skl Jase =5

23l e 2 524 iyl £35S (%243 Bt (e 107 e Liniye 26 sic g sk

sl e TC 5CC
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Bhall sk o Auhall (iaye g5 s 126 o8 Joaad)

NUDT15 (rs116855232, C.415¢> T)
Total patients CcC CT TT
100 6 1
Fever
No 81(75.7%) 76 4 1
Yes 26(24.3%) 24 2 0
:@u\ skt Jaea —6

CC CJ}A.J\ %) ua:a)d\ Utsj ‘(%0.93) z\-\u-u G&d)ﬂ 107 UA‘LEE ..\;\5 L)Af)“ Qe CAH\ )‘#

NUDT15 (rs116855232, C.415¢> T)
Total patients CC CT TT
100 6 1

Rash
No 106(99.07%) 99 6 1
Yes 1(0.93%) 1 0 0

tallaadl) e g Uil et Jaas =7

i) Liape 32 mie Ailall dlaje 8 0nssilSall aladin) sie Aalad) e gl gl
2358 O -0l o LS ol dusen Ao okt e dalladll e (gl casall alaiil ¢(%29.91
Sl e CT (CC zilaill (ymipe 2 30 : Jull J<&) e iyl

Aalleall e g Uil bt ooy dupall (pdaye £357 s 128 8 Jsaall

NUDT15 (rs116855232, C.415c> T)
Total patients CC CT TT
100 6 1

Therapy interruption
No 75(70.09%) 70 4 1
Yes 32(29.91%) 30 2 0
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0253595l Sl Cpaniiiosal byl e die Laila il skl Lgial) Caill gy 16 a8, (<A

1 slSyall dejn Bad sy apall 350 @
Lty (5l) Laye 27 Jsn %60 (e Y agodl 6-Mp dejn ald] & Gl el 220 ()

gj\)ﬂ\ csk’ TT (CT (CC CSL«.’\H U e 1521 :‘;’Jm\ Ja ‘51:_ ?4:3153 OSJ c(%2523

uf».i}hls‘)d\ de i Bad s Z\Mbﬂ\ e &)j] Cd :29 55) d}ﬁﬁj‘

NUDT15 (rs116855232, C.415c> T)
Total patients CcC CT TT
100 6 1
6MP dose
intensity<60%
No 80(74.77%) 29 1 0
Yes 27(25.23%) 21 5 1

109050 sall daansg NUDTIS (aad ASEN sasill (0 d8all 4l )-2-1
daxe e (% 45.79 dosy) Laiye 49 vie sl GlSa amall Gl GLST el Jaagl

Abal) s jas sl (e (Y 2l 8 DA Liaige 17 die @L KU (ali (e o ¢ ouiayall



100
5 CT) NUDTI5 g 0o T A lels s Bsan ST 8L Ginal) LS i Gigan 1S5 )
i RPN [P

G DS i skig NUDTTS Gl iead) ol oy 2830l 30 8y Jsonl

Table 2: Associations between NUDT15 and risk of leucopenia
NUDT15 genotype
CC(n=100) | TC,TT(n=7) P-value OR 95%Cl
Leucopenia No 58 0 0.003
Yes 42 7
Early Onset No 87 3 0.012 8.92 (1.79-
Leucopenia 44.48)
Yes 13 4

1) Aandly SN saxll (py 3D Al @
zisall o e 5 die 6-MP (sl GiliSier dmpaddl Lol dand) claagl (midll e
oo T U s e Gage () aam Y ¢ mpall dane (e %467 duwsy @llyy NUDT15 CC

Akl dlsjes Skl PlA B2 Lam

L0 Laaw olaig NUDTLS cpad call Jaail) oy 483011 131 o8 Joaal)

Table 2: Associations between NUDT15 and risk of hepatotoxicity
NUDT15 genotype
CC(n=100) | TC,TT(n=7) P-value OR 95%Cl
AST/ALT>500 No 95 7 0.708
Yes 5 0

sl e g Wiyl (JSEN aaaill (g ALl Al @
Ol e 6-MP s dallead) Gl ((oapal) Jane (0 % 29.9 dpety) Limiye 32 Jlsa 7l
—0.17 =%95 CI «0.65 = P <0.93 = OR) dsliaa] duaal cld 0S5 al dama ¥ dus o1 jlad

.(5.08
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Aadlaal e g Usiil yokig NUDTIS (al Jioad) daaill (e A8a 132 ) Jgand)

Table 2: Associations between NUDT15 and risk of therapy interruption:
NUDT15 genotype
CC(n=100) | TC,TT(n=7) P-value OR 95%ClI
Therapy No 70 5 0.652 0.93 (0.17-
interruption 5.08)
Yes 30 2
100
90
80
70
60
X 50
40 -
30 - B NUDT15 genotype CC
20 - —
10 — NUDT15 genotype TC,
0 - TT
@ @ S &
& & % °
o o »’\7 K
N N \a »
N2 ¥ QA &
& v N
& R
Ib&\\ ,\‘(\Q'
&

Oreadional) el vie Lals il kg NUDTIS gl ASEN aanil ¢y A8l peingy 7 o8 (<A
G55l LSl

: 6—MPJ daulually NUDT15 (sl ASED saadl) aMali-3-1
sy el ol 8 ibsane sl vie (paygagul€all e aaed 3 caial) JsSigall o Hlaall s
6-MP dcja 5 prllaias alassiul Gl ce Gyl LSyl duulall Caust Al skl
o L ) Walals 3l 6-MP deja G dseil) 0 Blie o s (6-MP dose intensity)
el JsSsig ) ana 535l 6-MP dea
«NUDTIS5 (> o TT homozygous zélslll Jilaia 7 3gaill Jals ot 2alg paige o Ul jas

:%4.99 Jsa dejn 538 g 6-MP sl GlSal Dlle Ay (ulen Golid) Ganyall ()
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dals i 100 Jiaay CT heterozygous malslll Cillatia zigaill ils aye 6 (Ao Uiy

‘gbﬂ\ &r_ %82.61 %56.9 Ui)_g.!‘g:ulS)A\ 3..::).; sad culS ‘;’:‘3 «CC éuﬂ\ CJ}A.J\

232545l de s 5335 NUDTIS (ad inl Jasill (o 380al) 133 85 Jsaal

Table3: Comparison of 6MP dose intensity % by NUDT15 genotype

6MP dose intensity%o

Mean Std. Dev. P-value

NUDT15 CC 82.61 22.35 0.0071
TC 56.90 9.56
TT 4.99 0

Bmp dose intensity%

o @ coo oosooeog offfoce 8

m3eslSpall Aoy 5285 15116855232 28,1l cia NUDTIS cpnd Sl aaail (o ADa)) g 28 8, (S
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aail) Ay Liad Gl Anjal) Glald) 8 s IS8 aike e NUDTLS gl JISEN aaall JIY -
8 G ¢ (eudl pandll & C415¢>T rs116855232 a3l iy NUDTLS cual I
Sy alainly ddlsie Ghew agie g sk s (Gold Galiawl agd adde ay 107
-Mercaptopurine (sl
liecine 3 (MAF) Minor allele frequency dsywayl Jal) i) dows of Ly 3 Lasg 53
(%04 =MAF) Zuall il um i dualig Byglaall laldl 8 Lol (o Al 25 %3.73 isa
(28]
Ald) Laustl) 1S % 14 = 2 G oS G Ciladinall G ddbide Gilod) V) VS5 das o) -
ilS ety ¢[60] (Al Juall aainall 8% 11.6 ¢[59] Jwall adinadl & %15.7 Jss
& %8.8 ([61] axihd IS SiyeY) aainall & %2 Cngli s (9AY) Cladiaalls S ducil
[62] s ADs (o uapal) 2ic % 5 <[40] sl ysY) pdinal)
2y 6 O Gus (NUDTILS cpall (e ilall zdgail) agasl Gadd Guygae 7 Ly (A& Lang dl - -
bl e Cibias L Slasasall o) T z3saill 4l aaly (e lein TC z3saill agal (S
3l o Ablad) Auhall Cupelal tus cala (golial Galian) agadl mge o Canal dulid duhl
i aly il e 15116855232 48,0 @l NUDTLS 415 cps oo gelsll) ilase ilkall
58 4 dual 0 Gile e die TC ol Callatie 7 3saill CaiS Loty Lalid Lmnpe 121 e
[28]- Aledl adyall 8 (39ase
LSyl deja 52k pe dasiye (TC) NUDTLS (s (pe dlsll) Calliia oz dgaill of cdnanl g€l OS2 -

) Ll o) Lol (golialll Gabian¥) e sie Bilal) Alsye 3% 56.9 ss ool
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il W daas o) [57]%63 (gl cilS lly SICRH dadys gl ) dally dgaad
(28] %33.33 (sl S ally Aslilll dubal) b i gl 3l L) o daiise

deya 524l Jul8 28) ae dasiye (TT) NUDTIS s e zlolll Silaia jalal) »3saill (o) dalayls
= P-value) dglas) dual il daldl dedll culS Gua %4.99 o dondy (y5a5ulSHal
&l 3. [571% 8.3 Jsa S Cua Yang et al s b i) duwall cash sl L(0.0071
2! (TT ) Homozygous #ilslll Jilaia alall z3gaill ie )9 il pall de ja 805 Ao (e
e 43)aadl %60.27 Jle a8 @b dill cul Gum slall golaalll (mlianVh cplias Guiva
.[59] Lty

GLS ali aa b5t daiiye C4156>T NUDTIS syl of oS50 ad el )l pe 385k
Gled) AN 2021l () Lalal) (gglaalll palianVL Culiadd) iasel) e 6-MP @ (a)as
Abal) As e 2 e ag 60 Jgl Pa Gang SSL an GlS alli Cigan e 808 Jadiye
@dl Al Z3 ae 38155 Al <0.012 = P-value ¢8.92 = Odd ratio duas ¥ duwi )
Gl i §)9dad 33l NUDTLS wi ddacgially Latdiall ddladll (Ao s9mg cindl )
= P-value 9 = OR ) c¥uiadll (atig ¢( 0.000235 = P-value <15 = OR ) (=l
[61].( 0.002

WDl a9ng oo sali ey Kakuta s sy Asada opleyy Yang agies cisldl (e i
Augaa) Cladinal Calide 4 8L pan @b el Gigaag NUDT1S5 R139C

2$Lejs Van Gennep Gl ST systematic review Lass (s 135e cusal dude danhe b
LS el ohail dega 8yshid Jany «C415¢>T NUDT15 (s e 8ahal Jalall (el
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[28]. dleall dls yo Tpafs A8 (duagngl) dalladll
\ganalig dsalel) ABLGY) uhali-3
Gladl Pharmacogenetics sl cilial) ale e 3L cunls ally Lo s e (J5Y) duyll o3a ¢
s (sslaed palian) ag! padiall (ol vie (5)pull painall 8830 J5Y eyl s (NUDTLS cpny
cageany (52 Blall a3ge Abladl duand) CulS Eum OMP (py0al) LS pas Aim yna gl dans 1yl (il
Ol ADke gl ciliad KAl caaill e adSH A ol Cilisall ale Luaal miagi dal)all 038 )
Al golaalll (alean¥lh Gubadl iajell Z3ke eay i @lldg el Gl
Ousdl) Gl OBl b ddaysia (AT linad ACE Cilaasd ) Copail Adlia) il elals (oag ll
@illg sas e mnye JSI QY] 200l oDl saally Aasslial) il all Adjaal duca )l (36 i GMP
ol ) Alledll (gaass dals il it s el Aadd aul agde (3l
sdadlald)
tdallad)y ddaal) colaal) giliy Litaalyd il (s 435l |
[28]: &l Ay ge A3 laal 1Yyl

Ll Ay Windyy (s A3)lae 134 A8 Jganl

Characteristics Lebanese Characteristics | Our study
study
Number of subjects 136 107
(Trfg[ (T)T)n t SJCRH Many
P XV protocols
Age Years (means+- | 6.63+-4.93 | Years (means | 9.6(0.9-56.2)
SD) range)
SEX Male (N%) 77(56.6) Male (N%) 64(59.81)
Female (N%) 59(43.4) Female (N%) 43(40.19)
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Treatment risk 69(51.1) | Low risk N% 58(54.21)
group Low/standard
N%
Mild/high 66(48.9) | Intermediate risk 36(33.64)
N% N%
High risk N% 13(12.15)
All Pre-B N% 107(81.1) B- 9(8.1)
immunophenotype lymphoblastic
lymphoma N%
T-cell N% 22(16.6) | Bi-phenotype N% 1(0.93)
Pre-B with AML 2(1.5) T-All N% 12(11.21)
N%
Early Pre-B 1(0.8) | T-lymphoblastic 7(6.54)
N% lymphoma N%
Precursor-B N% 78(27.9)
6-MP related 6-MP related
toxicities toxicities
6-MP dose intensity | Mean +-SD 77.39+- Mean +-SD
% 21.27
Febrile No N% 44(34.9) No N% 58(54.21%)
neutropenia
Yes N% 82(65.1) Yes N% 49(45.79%)
Hepatotoxicity No N% 111(90.2) No N% 102(95.33%)
Yes N% 12(9.8) Yes N% 5(4.67%)
Genotypes Genotypes
NUDT15 CC N% 135(99.3%) CC N% 100(93.4%)
CT N% 1(0.7%) CT N% 6(5.6%)
TT  N% 0% TT N% 1(0.9%)

[521Ghall Jlad & Ly pe Ljlaally : Lils

Ghall Jlad & Cansal alyys Wals on &)l 135 a8y Jsand)

Characteristics Kurdish Characteristics | Our study
study
Number of subjects 74 107
Treatment
COG Many
(protocol) protocols
Age Years (means+- 6.25+- | Years (means+- | 9.6(0.9-56.2)
SD) 3.07 SD)
SEX Male ( N%) 43(58.1) Male ( N%) 64(59.81)
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Female (N%) 31(41.9) Female (N%) 43(59.81)
Treatment risk 58(78.4) Low risk N% 58(54.21)
group Low/standard
N%
Mild/high | 16(21.6) | Intermediate risk | 36(33.64)
N% N%
High risk N% 13(12.15)
All Pre-B N% 70(94.5) B- 9(8.1)
immunophenotype lymphoblastic
lymphoma N%
T-cell N% 3(4.1) Bi-phenotype N% 1(0.93)
Pre-B with AML 1(1.4) T-All N% 12(11.21)
N%
Early Pre-B 0(0) T-lymphoblastic 7(6.54)
N% lymphoma N%
Precursor-B N% 78(27.9)
6-MP related 6-MP related
toxicities toxicities
6-MP dose intensity | Mean +-SD 95.38+- Mean +-SD
% 16.03
Febrile No N% 58(78.4) No N% 58(54.21%)
neutropenia
Yes N% 16(21.6) Yes N% 49(45.79%)
Hepatotoxicity No N% 65(87.8) No N% 102(95.33%)
Yes N% 9(12.2) Yes N% 5(4.67%)
Genotypes Genotypes
NUDT15 CC N% 74(100%) CC N% 100(93.4%)
CT N% 0(0) CT N% 6(5.6%)
TT N% 0(0) TT N% 1(0.9%)
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[41] tAasausl (33 Aualyd g Aylaally ¢ llS

Lganl By Aahyag Ly oy 43k 136 a8) Jpanll

NUDTIS gpal JSEN a2l poum Ao elldg ugand 3y Audpy (g Wik G 6-MP deja 508 o 4l
rs116855232 o3Il <A

Ligad Gyl syl il Lty ity
Genotype N= 657 6-MP | +- SD N=107 6-MP +-SD
dose dose
intensity( intensity(
%) %)
TT 2 8.3 += 7% 1 4.99
CT 31 63 +-25.4% 6 56.9 +-56.9%
CC 624 83.5 +-22.4% 100 82.6 +-22.35%

[27]: 5050l Al y e A550alls ¢ L

Ayl dadyag Ly G Alke 137085 Jsaal

@3 NUDTIS gead ASal) aaetl) g o @llig A€yl dadys g Wadpy G 6-MP dejn 508 o 43)lae
rs116855232 .3l

L) Auahyal) il EMPRP
Genotype N=371 6-MP | +- SD N=107 6-MP +- 8D
dose dose
intensity intensity
(%) (%)
TT 0 1 4.99
CT 9 62.5 +-14.8% 6 56.9 +-56.9%
CC 362 80.1 +-18.9% 100 82.6 +-22.35%
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Day 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28
PRED PRED PRED PRED PRED PRED PRED
VCR ARA-C ARA-C ARA-C ARA-C 6MP 6MP
CYCLO 6MP 6MP 6MP 6MP
6MP TMP-SMZ TMP-SMZ
CBCD, SGPT,
Bilirubin, chem9
TMP-SMZ
(T) BM CBCD
(*)CSF Studies
(*)ITMHA,
(*) Leucovorin
Rescue
Day 29 Day 30 Day 31 Day 32 Day 33 Day 34 Day 35
Stop ARA-C ARA-C ARA-C ARA-C 6MP 6MP
Prednisone 6MP 6MP 6MP 6MP
6MP TMP-SMZ TMP-SMZ
TMP-SMZ
CBCD, SGPT,
Bil
Day 36 Day 37 Day 38 Day 39 Day 40 Day 41 Day 42
TMP-SMZ TMP-SMZ TMP-SMZ TBM (see
consolidation
CBCD calendar)
MRD
CONSOLIDATION
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
*IT (TIT) 6MP 6MP 6MP 6MP 6MP 6MP
CBCD, chem9, sgpt,
bilirubin
HDMTX #1, 6MP
Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14
gI\EjISD 6MP 6MP 6MP 6MP 6MP 6MP
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Day 15 Day 16 Day 17 Day 18 Day 19 Day 20 Day 21
*IT (TIT) 6MP 6MP 6MP 6MP 6MP 6MP
CBCD, chem9, sgpt,
bilirubinHDMTX #2,
6MP
Day 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28
CBCD 6MP 6MP 6MP 6MP 6MP 6MP
6MP
Day 29 Day 30 Day 31 Day 32 Day 33 Day 34 Day 35
*IT (TIT) 6MP 6MP 6MP 6MP 6MP 6MP
CBCD, chem?, sgpt,
bilirubin
HDMTX #3, 6MP
Day 36 Day 37 Day 38 Day 39 Day 40 Day 41 Day 42
CBCD 6MP 6MP 6MP 6MP 6MP 6MP
6MP
Day 43 Day 44 Day 45 Day 46 Day 47 Day 48 Day 49
*IT (TIT) 6MP 6MP 6MP 6MP 6MP 6MP
CBCD, chem?, sgpt,
bilirubin
HDMTX #4, 6MP
Day 50 Day 51 Day 52 Day 53 Day 54 Day 55 Day 56
CBCD 6MP 6MP 6MP 6MP 6MP 6MP
6MP
MAINTENANCE THERAPY
Intermediate risk/High risk Low risk
Week Special studies Special studies
1 DEX + DOX + VCR + 6 MP 6MP + DEX + VCR
+ ASP
2 6MP + ASP 6MP + MTX
3 (*) 6MP + ASP (*) 6MP + MTX
4 DEX + DOX + VCR + 6MP + DEX + VCR
6MP +ASP
5 6MP + ASP 6MP + MTX
6 6MP + ASP 6MP + MTX
t*Reinduction | +*Reinduction |
DEX + DOX + VCR + ASP DEX +DOX + VCR +
ASPX 3
8 Reinduction | Reinduction |
DOX + VCR + ASP VCR + ASP X 3
9 Reinduction | Reinduction |
DEX + ASP + VCR DEX + VCR + ASP X 3
10 6MP + ASP 6MP + MTX
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11 DOX + VCR + 6MP + ASP 6MP + MTX
12 *6MP + ASP *6MP + MTX
13 6MP + ASP 6MP + MTX
14 DEX + DOX + VCR + 6MP + DEX + VCR
6MP +ASP
15 6MP + ASP 6MP + MTX
16 6MP + ASP 6MP + MTX
17 *Reinduction 11 *Reinduction 11
DEX+ VCR + ASP DEX + VCR + ASP X3
18 Reinduction 11 Reinduction 11
VCR + ASP VCR + ASP X3
19 Reinduction 11 Reinduction 11
DEX+ VCR + HD-Ara- DEX +VCR + ASP X3
C +ASP
20 No chemotherapy 6MP + MTX
21 6MP + MTX 6MP + MTX
22 6MP + MTX 6MP + MTX
23 6MP + MTX 6MP + MTX
24 Cyclo + Ara-C 6MP + MTX
25 *Dex+ VCR *6MP + Dex + VCR
26 6MP + MTX 6MP + MTX
27 6MP + MTX 6MP + MTX
28 Cyclo + Ara-C 6MP + MTX
29 *Dex + VCR (*) 6MP + Dex + VCR
30 6MP + MTX 6MP + MTX
Intermediate/High risk Low
risk
Week Special studies Special studies
31 6MP + MTX 6MP + MTX
32 Cyclo + Ara-C 6MP + MTX
33 *DEX + VCR *6MP + DEX + VCR
34 6MP + MTX 6MP + MTX
35 6MP + MTX 6MP + MTX
36 Cyclo + Ara-C 6MP + MTX
37 *DEX + VCR (*)6MP + Dex +
VCR
38 6MP + MTX 6MP + MTX
39 6MP + MTX 6MP + MTX
40 Cyclo + Ara-C 6MP + MTX
41 *DEX + VCR *6MP + Dex + VCR
42 6MP + MTX 6MP + MTX
43 6MP + MTX 6MP + MTX
44 Cyclo + Ara-C 6MP + MTX
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45 *DEX + VCR (*)6MP + Dex +
VCR

46 6MP + MTX 6MP + MTX

47 6MP + MTX 6MP + MTX

48 Cyclo + Ara-C 6MP + MTX

49 *DEX + VCR *6MP + Dex + VCR

50 6MP + MTX 6MP + MTX

51 6MP + MTX 6MP + MTX

52 Cyclo + Ara-C 6MP + MTX

53 (**)DEX + VCR (**)6MP + Dex +
VCR

54 6MP + MTX 6MP + MTX

55 6MP + MTX 6MP + MTX

56 Cyclo+Ara-C 6MP + MTX

S7 (*)Dex+ VCR (**)6MP + Dex +
VCR

58 6MP + MTX 6MP + MTX

59 6MP + MTX 6MP + MTX

60 Cyclo + Ara-C 6MP + MTX

61 (**)Dex + VCR 6MP + Dex+ VCR

62 6MP + MTX 6MP + MTX

63 6MP + MTX 6MP + MTX

64 Cyclo + Ara-C 6MP + MTX

65 (*)Dex+ VCR 6MP + Dex+ VCR

66 6MP + MTX 6MP + MTX

67 6MP + MTX 6MP + MTX

68 Cyclo + Ara-C 6MP + MTX

69 Dex+ VCR 6MP + Dex + VCR

70 6MP + MTX 6MP + MTX

71 6MP + MTX 6MP + MTX

72 6MP + MTX 6MP + MTX

73 (*)BMP +MTX 6MP + MTX

74 6MP + MTX 6MP + MTX

DRUG REGIMEN

R-Hyper-CVAD - Cycles 1, 3,
5 7:

Day 0

METHOTREXATE 12 mg
INTRATHECAL.
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Day 1

Pre-med with
Chlorphenamine 10 mg IV,
paracetamol 1 g 30 minutes
before

rituximab. Give day 1
dexamethasone at least 30
minutes prior to rituximab.
RITUXIMAB 375 mg/m2 IV
infusion daily in 500 mL
sodium chloride 0.9%.

Days1to3

MESNA 600 mg/m2 per day
IV continuous infusion in 1000
mL sodium chloride

0.9% over 24 hours (to begin 1
hour before cyclophosphamide
and stopping 12

hours after final dose).

Days1to3

CYCLOPHOSPHAMIDE
300 mg/m2 twice a day IV
infusion in 250 mL sodium
chloride 0.9% over 2 hours for
6 doses.

Days1to4

DEXAMETHASONE 40 mg
PO/IV daily (2 mg tablets).

Day 4

DOXORUBICIN 50 mg/m2
IV infusion daily in 100 mL
sodium chloride 0.9% over

2 hours.

Day 4

VINCRISTINE 1.4 mg/m2
(maximum 2 mg) IV infusion
in 50 mL sodium chloride
0.9% over 10 minutes.
Consider capping at 1 mg in
the over 70 year old age
group.

Day 5

G-CSF as per local policy.
Continue until neutrophils >1.0
x 109/L for 3

consecutive days.

Day 7

CYTARABINE 100 mg
INTRATHECAL.

Days 8 to 11

DEXAMETHASONE 40 mg
PO/IV daily (2 mg tablets).

Day 11

VINCRISTINE 1.4 mg/m2
(maximum 2 mg) IV infusion
in 50 mL sodium chloride
0.9% over 10 minutes.
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Consider capping at 1 mg in
the over 70 year old age

group

R-MA - Cycles 2, 4, 6, 8:

Hydration / Alkalinisation -
Pre methotrexate (starting T=
-12 hours). Refer to

sections below.

RITUXIMAB 375 mg/m2 IV
Day 1 infusion daily in 500 mL
sodium chloride 0.9%.
METHOTREXATE 1 g/m2
IV infusion [start at 10.00 hrs]
Day 1 in exactly 500 mL
sodium chloride 0.9% over 24
hrs.

Calcium folinate (Folinic
acid) post methotrexate
(starting 36 hours from the
start of methotrexate). Refer to
sections below.
METHOTREXATE 12 mg
INTRATHECAL (following
completion of IV
methotrexate).
CYTARABINE* 3 g/m2 IV
infusion (at 24, 36, 48 and 60
hours after completion of

IV methotrexate) in 500 mL
sodium chloride 0.9% over 2
hours.

G-CSF as per local policy.
Continue until neutrophils >1.0
x 109/L for 3

consecutive days.
CYTARABINE 100 mg
INTRATHECAL.

NB: * Patients aged 60 years or more, reduce cytarabine to 1 g/mo.

Day 0

Day 1 (T=0)

Day 2

Days3 & 4

Day 5

Day 7
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Abstract

Background and Aims: Acute Lymphoblastic Leukemia (ALL) is the most
common cancer seen in children worldwide and in the Middle East. Although
there have been major advances in treatment approaches for childhood ALL.
Serious toxicities do occur but with significant inter-individual variability. The
aim of this study is to evaluate the effect of NUDT15 polymorphism for causing
6-Mercaptopurine toxicity in acute lymphoblastic leukemia patients and to
measure the frequency of NUDT15 polymorphism in Syrian population.

Patients and Methods: This is a retrospective study that included all patients
with acute lymphoblastic leukemia reaching at least 6 months of maintenance
therapy between January 2018 and May 2020 at three recruitment sites in
Damascus, Syria. Low- and intermediate-risk patients were treated as per the
EORTC 58951 protocol, while high-risk patients were treated as per the St Jude
TOTXV protocol. Adult patients were treated by hyper CVAD protocol or GR-
ALL protocol as the attendant desire. DNA was extracted from patient EDTA-
anti-coagulated peripheral blood samples. NUDT15 specific primers were used
to amplify a 450 bp long amplicon containing the rs116855232 site, then
amplicons were sequenced to define patient genotypes and allele frequency. The
NUDT15 rs116855232 genetic polymorphism was performed and linked to the
current clinical factors; 6-mercaptopurine dose intensity, early onset leukopenia,
hepatotoxicity and therapy interruption.

Results: A total of 107 patients were enrolled (54.21% low-risk, 33.64%
intermediate-risk and 12.15% high-risk). The TC genotype was found in 6
patients (5.6%) and the TT genotype was found in 1 patient (0.93%), with allele
frequency (C=0.962 and T=0.037). The mercaptopurine dose intensity was
82.61%, 56.90% and 4.99% for the genotypes CC, TC and TT respectively (P:
0.0071). A significant association was found between early onset neutropenia and
NUDT15 polymorphism (TC or TT), OR: 8.92 (95% CI: 1.79-44.48, P: 0.012).
None of the patients with NUDT15 polymorphism had significant elevation in
liver transaminases.

Conclusion: The incidence of NUDT15 rs116855232 polymorphism seems to be
slightly higher than neighboring countries. Our study confirms that NUDT15
rs116855232 polymorphism is associated with mercaptopurine hematopoietic
toxicity but not with hepatotoxicity in a population of Syrian patients with ALL.

Keywords: NUDT15 polymorphism, Acute lymphoblastic leukemia,
Mercaptopurine toxicity, Myelotoxicity
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