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Thiopurine is a pro-drug used to treat patients with inflammatory bowel disease, leukemia, malignancies, and autoimmune diseases as well as an
immunosuppressive agent for post-transplantation states. Thiopurine drugs are metabolized into active metabolites by enzymes in various meta-
bolic stages in the body. The importance of NUDT15 genotyping is emerging in the literature and clinical guidelines since it has been found to be
associated with fatal thiopurine-related adverse drug reactions such as cytopenia, hepatotoxicity, and hair loss. Therefore, this review provides
practical information about the clinical pharmacogenetic test for NUDT15 in patients treated with thiopurines to assist clinical laboratories in Ko-
rea. It focuses on thiopurine drug metabolism, clinical implications, and of NUDT15 genotyping. Moreover, it considers reports of pharmacogenetic
test results, including current recommendations on NUDT15-guided thiopurine dosing.
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22155 ¥ 0352 A 520] FR3ITH, 3,4
Thiopurine S-methlytransferase (TPMT) &4 =7} #|3}H5
Ao A E] 57 FoF A] oFE tjARAIQ] 6-thioguanine nucleo-
tide (TGN)2] “ske7} A5 AL FA4 Y7 S7Hth= AR
244 ekt U7 S A9 Elogrell 54 o
o 8¢ A4S 918 W) ol g ol gon], ekl
ﬁOﬂH db7ksl ) QARAARR]R] ‘QlAFeRE 0 A Sl Lo}
RIS DA o 94 28 el
bR AN o <1, 4) 1ol gl
v%iX} wlolo] ¥ltE7} ol ¥ o) ok2 R Aol 9)
14} 919 b2 aQle] chet et Wasidon, 5
tﬂO] J1 %= 7} 122 Nudix hydrolasels (NUDT15) 3743
dg7to] ol W 9 AZERA, o Ho
EABE QI3 NUDTI5 A3 AAFE 8 YAFFE
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SOl AAA R tjabEl=d], D TMPTol| oJal] H]2/d3 methyl-
mercaptopurine (methylMP)0| =74, 2) xanthine oxidaseo] 2]
3 HIZAdE thiouric acid7} Elo] vjAEEAL; 3) hypoxanthine—
guanine phosphoribosyltransferase (HGPRT)o]| €J3f] thioinosine

3

monophosphate® HZHe] & inosine monophosphate dehydro-
genase (IMPDH)} guanosine monophosphate synthetase (GMPS)
o]l 9]} thioguanine monophosphate (TGMP)7} &AJHTH, 2]. o]
% kinaseso]| 23] TGMP7} &A%< 6-TGTPR, 371291 B4
off ofal] 2AeFE o] 6-TAGTPR HehE, HF2 02 FAY 6-
TAGTPL} 6-TGTPE NUDT15 & A7} 7FRsfisttil, 2. 78 -
old(purine guanine)y} 24 FAMIE 7H SAE AR
6-TGTP= RNAE, 6-TAGTP= DNAR 33}t]o] 27k RNA A}
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Fig. 1. Thiopurine pathway [61]. Permission has been given by PharmGKB and Stanford to use this figure (https://www.pharmgkb.org/pathway/
PA2040). Pathway images and data are available under a Creative Commons BY-SA 4.0 license.
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DNA EAS AA|5to] AZZAEAHCcell apoptosis) S U0 7]H,
6-TGTP+= Racl GTPased] 2Jsf A|=|o] JUH HZYf A|22E
AHE Sdtsto] oF wE el WA a1 55 Uehl=
202 AefA Y2, 7). EleFH oFE F 6-1GE 6-MPLF A
e AR S AR, 6-TG= A3 TOGNS. &= HeHE 2 = 6-MP
Ho} ofF 6bff =2 A3 U 6-TGN 525 Hol= 202 H s
H} QACHS, 9] Bl 2379 oF=0) thalablof :23He hefst aast
ThAL Eg-ofl WH3l7t HAdsto] ThARAIQL 6- TGN E% 5=k A
o S 8F-9E4 Bload ofE FAgo] yehd 4= 9l
tHl, 10, 11]. £3] TPMTS] A== AHz o 2 AAEY 7PUT
Ak} Blol & Qs TPMT Z/d =7t Alehe 75
tiAbEoe] S7F6hH, ol= AZRt T4 oA 5 ofE
ol Qe v g, oheFet ARlel A TPMT %ol wk

A%< Puskar QJrHy, 3, 41

2. NUDT152| &5 29|

NUDT15+ nudix hydrolase superfamilyo]] :3}+= 164719 o}
HeARO 2 AR B A A, e fe oAt 2y nhe
o] 4] DNAY] 55+l 6-TAGTPE 6-TAGMPE HIIA|Z] © &4 6-MP
OF 71 ATAIRI AZAS] 2799 tiARE 2832, 7,120 NUDTIS
= 8-0x0-dGTPL} 8-0x0-dGDPE £3}|5+¢] DNAL} nucleotide A}
ool A 413} &/ Fefe] FLobd(7,8-dihydro-8-oxoguanine)2
A Ao 2 AT} O 2 8-0x0-DGTP7} DNA Alo]2 25 &
AL AT Aol CG ATO R HHE 2 WAstol, DNA &
A B39, O Qofuliz DNA 7 9 ATARALE o

QPR TS Qe 12, 13] 2014 ) 22 4 o
Al ARG A A AT A (genome-wide association study, GWAS)
A5 B3l NUDT15 34} Holot AZA A5 2 Q1 wid 17}
2Fe] Aol Ao = WHESIHS]. o] % Hlefdl ARE
o8z thardt Ak ohFt oA A, SEWA

Table 1. Clinical implication of NUDT15 in different diseases and its association with thiopurine drug toxicity

References Disease Drug Study population Subjects (N) Genotyping method Associated toxicity
Walker et al. [18] IBD AZA European 1,170 GWAS and EWAS Myelosuppression
Sutiman et al. [43] IBD AZA Multiethnic Asian 129 Pyrosequencing Leukopenia, neutropenia
Banerjee et al. [49] IBD AZA Indian 1,014 TagMan SNP genotyping Leukopenia, neutropenia
Chao et al. [50] IBD AZA Chinese 732 PCR-RFLP and sequencing Leukopenia
Wang et al. [51] IBD AZA Chinese 219 TagMan SNP genotyping Leukopenia
Kojima et al. [44] IBD AZA Japanese 96 TagMan SNP genotyping or Leukopenia
Sanger sequencing
Akiyama et al. [52] IBD AZA Japanese 83 Sanger sequencing Leukopenia
Sato et al. [53] IBD AZA Japanese 160 TagMan SNP genotyping or ~ Gastrointestinal intolerance,
Sanger sequencing leukopenia, alopecia
Kakuta et al. [54] IBD AZA Japanese 2,630 GWAS Gastrointestinal intolerance,
leukopenia, alopecia
Yang et al. [5] IBD AZA Korean 978 Immunochip and TagMan Leukopenia
SNP genotyping
Choi et al. [55] IBD AZA or 6-MP Korean 131 Sanger sequencing Leukopenia
Yang et al. [23] ALL 6-MP East Asian, European, 1,028 Genome-wide genotyping Thiopurine intolerance
African, and Hispanic
Juetal. [48] ALL 6-MP Korean 71 Sanger sequencing Lower thiopurine dose
Buaboonnam et al. [42] ALL 6-MP Thai 102 Allele-specific PCR Neutropenia
Puangpetch et al. [56] ALL 6-MP Thai 100 Sanger sequencing Neutropenia
Yietal. [57] ALL 6-MP Korean 182 Sanger sequencing Hematotoxicity, lower thiopu-
rine dose
Choi et al. [22] ALL 6-MP Korean 139 Sanger sequencing Leukopenia
Schaeffeler et al. [58] ALL AZA European 796 Sanger sequencing Hematotoxicity
Moriyama et al. [30] ALL AZA Guatemalan, Singaporean, 270 Sanger sequencing Thiopurine intolerance
and Japanese
Fei et al. [34] Autoimmune diseases AZA Chinese 87 TagMan SNP genotyping Leukopenia
Fan et al. [33] Autoimmune hepatitis AZA Chinese 149 TagMan SNP genotyping Leukopenia
Kim et al. [32] Neuro-immunological AZA Korean 84 Sanger sequencing Leukopenia, alopecia
diseases

Abbreviations: 6-MP, 6-mercaptopurine; ALL, acute lymphoblastic leukemia; AZA, azathiopurine; EWAS, epigenome-wide association study; GWAS, genome-wide association

study; IBD, inflammatory bowel disease; SNP, single nucleotide polymorphism.
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(gastrointestinal intolerance), 4173451} 12 Q13+ 2 &0l
e, I A P g 5o] Rakgate] Auriol A4 How
BIEHA B 9.7 ok xRl QlojAe] NUDTIS SRRF HAL

9] oJAkA ZQ Alo] Folw|QITHl, 2] (Table 1).

1) GEEES0M NUDT15

AZASk 6-MPE ZLEN B AR Fo) A5l
$40 2122 918 oL&HT) €032 BAo] olgt ofE RS
J1es}te] u]=tA317|8ks](American Gastoenterological Associa-
tion, AGA) Z =2 A| oAM= B/ d5dde 4 A= 9 89
W7 Al AT ) Y ARIS] 6- TGN} methylMPO] 5 2
42 551 X 24 FE X YE|F(therapeutic drug monitoring, TDM)
& Agk v} QeHI4-17). NUDTT5 G- AA} Hol= 20141 829l

W S S oR & Aol Ao 1 9a oot
A 9 H A Ea[5], 20159 Y AEek3] (Korean Associa-
tion for the Study of Intestinal Diseases, KASID)2] §ro]&(con-
sensus statement)O| A= E|Q%E OFE A Wig L7 AE0)
19E SRS APHsHE o NUDTIS SR BAPE Ego] E 4
QIckr BhITHIT),

AZA D 6-MP 59| g] 98] 2|2 E v =2 A} ol A] ZF
ool VA B4 B 53 2 oFR R ARG T NUDTIS Hole}
o il thet B 7o Tht Q1S by o = 1y
o] &tk NUDT15 S-AR}e|| 752 A (oss-of-function) ¥o|7}F Q)
= SR MY Hlegrd ofE v Ma - gas WY s S
7Pt 8 EA 02 BRI HE jlom, FotAlokl tid Aol
AR EELeke] AT 01 A7) = 3k3IeH18-20).

oJof 2018\ National Institutes of Health’s Pharmacogenomics
Research Network (NIH PGRN) AFé} Clinical Pharmacogenetics
Implementation Consortium (CPIC)S] A|Zof| A+ E| 8 A=
& W= AN TPMTeE BEO] NUDTIS 74 HARE daL
ot A, gl T Eead 8 2 X3S AAIsH
THi. 20194 F=rasp|Uiaels] dsgde
= NUDT15 8% gt Eli%%l 4 Hakks Zeteiola
21], 2020 U-20] F5Ae IR RA MM = NUDTI5
A} ool 1116855232, NM_018283.3:¢.415C>T: p.Arg139Cys
(PRIZVOE 7H ZHAfol| A ARt 57 WE - a5at ARt B
£ d&she ol mgo] HE &, |53 A7 /WA] Hol NuDTI5
AR AR Al S AS HASHITHI9)L

X

O
O

2) B0 NUDT15
6-MPE= FAYZ iy Shxlo 4] X & AIHE F0]7] 1)

choFst &FokA|(methotrexate, vincristine, prednisone )2} |
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$7] 2|zl o}l 2 FAoI0, 616 8 AL} ulR=
TR 59 Aol |, 220, ot Yl
H Sixlol| A NUDT15 -7 oo 23k 6-MP EA(intoler-
anC@)J—]' o] 2 o138} 6-MP FoF 71efo| W 11 v} Q) ow[23| NUDT15
S707) wo|2} B0l 754, Aleh ek S3je] ITHo] i
3k o1EL tjAre 2 3 dEo)A E I EQITH22, 25-28]. CPIC
Ao obg FoF TRIA L o Re] At Eask .
o) A2 Melo] Algkel 75 7o ke sl Qewil

20], WS A 23 AF A 118 A, o|2A O B NUDTI5 94
S gk Bl o 7 Aol Bl o) eeta vt 4A1E
S O]l

%

U= 71s e AIATSFATHL, 30).

3) 7|Et &etoll M NUDT15

AZAE ThFeE A Y 7o) 4] ShtoflA] HAAAA| & o]
L Fch WAl A NUDTI5 A} #ol9h AZA EATke] &
ol helixlz & sotrlotlelA 7 &d] W= Zlo &
U7 15116855232, NM_(018283.3:415C>T: p.Arg139Cys (p.R139C)
HolE o &2 g A7F Age QITHBIL Eh=toll A o A+t

S AZA A 55 W2 S5 L5 (myasthenia gravis), AJA]

¢

lm

o

ZA(neuromyelitis optica, NMO), AL F4=A(recurrent
myelitis), THd FFA G424 A RS (chronic inflam-
matory demyelinating polyneuropathy, CIDP), 9%+ (inflam-
matory myositis), &3 5A17d ¥ (vasculitic neuropathies)a} &
SR S (inflammatory polyneuropathies) 5-2] T}FgH Al
7§ AgkEol A NUDTT5 5714 Hol(pR1390)2} A7 Wid+
o EE A BASIIrHE S=ele e R 7
-TL°1V\1L AZA A5 P A7PRY 2ha ke 158t g
Zpol| Al NUDT15 -7} #ol(p.R1390)2} W& L 7haZ0] of3kAg

oIz
H

AN
=5

S BUBGNBI, AZA A RS e T R Arhae
CAUTLRES, BUBAS 9244 L 714 3D T
oA BT 1H45] AT B ISHCHB4. AL pemphi

gus Vulgdrl 9O AZA A& F A5 HEFgaFo ARt S
Q1 ZAH35] 9 Alo] 4] 3 AZA FoF T Agh et adi 3R s
ROl Rl rol=Am(glycogen storage disease) A7} NUDT15
FAAE Bol(p.R1390)°] gt -5 & Al (homozygote) = Q1%
o HaE Sloh30l.

3. NUDT15 XX}
NUDT15 53R = QA7) 13q14.20]] 9)2)5HH 3702] exong 7}

A £, NUDT15 84 ©ho] 7]54] e 724 YFS Fe A
o3 o7l Blo]o} 71 7= dsfo] o}z Waks| ulel x| oko-
Hlo]50] Qlth(Table 2) [37). f-7d4HE 235 4T o= w2
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Table 2. Minor allele frequency of NUDT15 allelic variants [6, 59, 60]

Star allele (IC\‘?\;I\‘_AOI;);J;'EE?;] Amino acid change  Allele function [60] Soiiﬂtfsli/an East Asian  European Korean [6] African [6] RS number
*1 Wild-type sequence Normal Function 0.930 0.879 0.993 0.867 0.998
*2 55_56insGAGTCG + V18_V19insGV + No Function 0.000 0.035 0.000 0.044 0.000 15746071566 +
c415C>T R139C rs116855232
3 c415C>T R139C No Function 0.067 0.061 0.002 0.069 0.001 rs116855232
4 c416G>A R139H Uncertain Function 0.000 0.001 0.000 0.004 0.000 rs147390019
5 c52G>A V18l Uncertain Function 0.000 0.0M 0.000 0.0m 0.000 rs186364861
6 55_56insGAGTCG V18_V19insGV Uncertain Function 0.002 0.013 0.003 0.005 0.001 15746071566
7 101G>C R34T Uncertain Function 0.000 0.001 0.000 15766023281
8 103A>G K35E Uncertain Function
*9 50delGAGTCG G17_V18del No Function 0.000 0.000 0.002 15746071566
*10 27>C M1T Not assigned rs769369441
11 139G>A G47R Not assigned
*12 156C>G F52L Not assigned rs149436418
*13 342_343insG E115G fs Not assigned 15761191455
*14 80_81insCGGG C28G fs Not assigned 15777311140
*15 467T>A L156Q Not assigned rs139551410
*16 88C>T L30V Not assigned
*17 352G>T E118X Not assigned 151368252918
*18 221delA N74M fs Not assigned 151457579126
*19 3G>C M1l Not assigned
*20 386C>G P129R Not assigned 15768324690

o] w2 wo]ge] U2fA WS Table 20]
Jefs oA 7+
woyER ‘*7454111 7t fplge) £5 9 YRS AEuE 4
o171 SIEHL, 371, FoPlokIoN 74k tol WARE @ ae
NUDT15*29} NUDT15*30|W, NUDT15%99] 73%- & Q1%ojlA]
w7351 oplolelol 1518 w gick) T
= Qo= AEA 02 A2 Ho|7} 37 s o] il
TH37, 38]. - AlAF A F 3l A= wol7h e 4
A= AR oS dAle) 34, 71 AY AT 58
SRS AO] Ot e YT Bavh glon, Has
o] 115 J38)| PharmVar (http://www.PharmVar.org) &
AAEITH3T.
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4. NUDT15 |

1) XSS, tid & Al
2016\ e AekgArelst eoFE-R-4

L33 A= SloiA AAE A = A& S8l EleaF

2 AY ool A= AIFH A TPMT R J2jo] Harsl Hf

ATH4], T2 = Rlofl A= TPMT AL ol g9 i W=7}

0.8-25%5 WHA| W aLE|m[4, 39], o5 NUDT159] F8/d0] 47|

A} Aol A

S~
=
>.
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] 20204 ofAlo} HSARIEs) ]9 ofAlo} EjsHoF A4Sk |y}
SH3lofxl= A5/ ER gl dial) 21w A& A NUDTIS
A9 A *lﬁ!ifz} ﬁ% HSFATHA0. ml=2)EofoF =1} -+
«IOWOML Bl o7 oA epdle] oFE-R AP EE RHstS
om, FHo 1301]*1 Aol /LAWY 2] qof o] 8x]
£ 6-MPe] 2pdlo| NUDT15 34 Ho|g-& 71 SEajoll A 27
WP AZT E 0| A S AFhHaA], A& A2 NUDTT5
FAA; AAL] AlYE AlRFFATHAL. ol A= R 414}
HAF Fol7]E dut FREAEAE ILA] A2020-1355)9] wHet
Bl AT B oFEe] A7kt RARe-S o] 9| A&
o= Qe A Aol o1 divdel "ok 7PMT AR AARE
202015 Bl oF AA| FoF F Al Z4A] T oA FAE-
o] oAlEe] §-1 tﬂOlE Eelslr] el AAIe 49 ek <l
gelu, Bl o7l T Alglo] Q= 3t F A7) o]Ljol] AAlEh=

7850l 22l t‘%% 80%= A= lck NUDTIS A
A FA FRAAEAL )71 LR Ao whet 202019 8ER
E] Qo] = A-85aL §lrt
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SRl o] A1 th27] ahitol, AApe) A i Al
S 2ol 23l AT ol it et olsfiel HETF 2
Qs NUDT15 648 BAJofl = allele-specific PCR/ARMS, NGS,
real-time PCR, pyrosequencing, Sanger sequencing 52| o1& 3
Rpol 7H5 i3, 32, 2-44), W) FollAl 7] K RAY
(Sanger sequencing)7+o] QoFo] 91748 vk )tk

WEFE A vIE BeA W A B RN e
%

of sml, 53] HaFH B RAANR H 9k F0 old T
o 2 o Al Azt Bk fel R gk W, obE 5
X MR 5 20 8ol R RIS 13 T SRR AN
o 9ol 7M5A G A 2 Bl 22 hat A
Sl Ajo] B2 FAT 4= QAT 4

H

= tf#3] ol c52G>A (1s186364861), ¢.36_37insGGAGTC
(1s554405994), c415C>T (1s116855232), ¢.416G>A (1s147390019)
olck Hte1e)] 719 3.7 ol E ] MRS *1,2, 3, %, 5, "6
ol Thal Zk2t 86.7%, 4.4%, 6.9%, 0.4%, 1.1%, 05%5 SFaIA] Qlo 1
206, ol neiato] 4] WslE Ao B

QEAETE] 32 T3 0 2= College of American Pathologists
(CAP) 33 pharmacogenetics (PGX) surveyZ} 1.2 rs116855232
(C415C>T, *2 = *3), 15147390019 (c416G>A, *4), 15186364861
©52G>A, *5) 5 Al Holihe: tiido = ¢ 23] AAJE L Qlck =
WollAe= 20221 thgtl At = e] e 2le) of i ATt
AR 20| NUDTI5 genotyping g50] A5t 55 =1

3) Zint 5N U X8

oFE A} AT A SAA0] Q1714 WS, oS
ofmliAt AG] Wia), ol M2 AP % %, IS B
A2 Z3}stolof Ttk Al uhet B ol Hguke A
202 AR Aol A Bl S A& 4 glo] ofE
2 AT BRY 7R Ao o8 R AR B Ak that

78 = JEEA] 33 ofof JITH3, 4],

oFE AN A #8Y 1o A, &, oF=d
|5 Bhg-ofl tigt oS A E7F F8810H3, 4] NUDTT5 -4
cheFeh Blojof] whet ol &= FA P2 Table 20] 25131t 7]
S0 (loss-of-function variation) & E$Fsl= NUDT15%2,
#3 #0900 NUDTIS 84 71559 2o & ola) A7} #5}=+= &
3o 7 BRETHI, 37]. CPIC 2018 A o] wha} 2782) At o
AR S 28= #1412 A AR (normal metabolizer) 2.2, 4
& HHFAAF 1719} 7150] fls At VIS 7R 79,
#1/%2, *1/%3) Z7F A (intermediate metabolizen & &, 7]%50]
$= tE-FAAR 2708 7R3 A9, 2242, %243, #3/43) A1 AT

>~

(]
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&(poor metabolizen 0 2 HEF35h, 7]50] = thlh-+-4A}F 174
o} 7)) ate) YraiAA) ek g A 1S ol AR
7HR SEER ] A, %2745, #3/46) 7 FLAF (possible in-
termediate metabolizer) 0 & L E3}31, AAF -2} 17112} 7]
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Table 3. Thiopurine drug dosing recommendations according to NUDT15 phenotypes (based on genotypes) in different guidelines and drug labels

Examples of
NUDT15

diplotypes

NUDT15
phenotype

Clinical

quidelines Ll

AZA 6-1G

Intermediate ~ *1/*2, *1/*3 CPIC Reduce starting dose (30-80% of a

Reduce starting dose (30-80% of a

Reduce starting dose (50-80% of normal
dose)

Reduce starting dose (75% of normal dose)

metabolizer normal dose) normal dose)
DPWG Reduce starting dose (50-70% of a Reduce starting dose (50-70% of a
normal dose) normal dose)
EMA EPAR  Reduce dose (optimal dose reduction not Not available
available)
USFDA drug Reduce starting dose (50-90% of a Reduce starting dose (optimal dose
label normal dose) reduction not available)
If heterozygous for both TPMT and
NUDT15, dose based on a tolerability
of 30-50%
Possible *2/*5,*3/*%6 CPIC Reduce starting dose (30-80% of a Reduce starting dose (30-80% of a
intermediate normal dose) normal dose)
metabolizer DPWG Not available Not available
EMA EPAR  Reduce dose (optimal dose reduction Not available
not available)
USFDA drug Reduce starting dose (50-90% of a Reduce starting dose (optimal dose
label normal dose) reduction not available)

Poor metabo-
lizer

*2/2,*2/"3, CPIC
343

DPWG

If heterozygous for both TPMTand
NUDT15, dose based on a tolerability

of 30-50%
For malignancy, reduce starting dose For malignancy, reduce starting dose
(10 mg/m?/day) (10% of a normal dose)

For a nonmalignant condition, consider
alternative non-thiopurine agents

Avoid 6-MP

Reduce starting dose (10-20% of a
normal dose)

alternative non-thiopurine agents
Avoid AZA

Reduce starting dose (10-209%" of a
normal dose)

EMA EPAR  Reduce dose (optimal dose reduction not Not available

available)

USFDA drug Reduce starting dose (5-10% of a normal Consider alternative non-thiopurine

label

dose) agents

For a nonmalignant condition, consider

Not available

Reduce starting dose (50-90% of normal
dose)

If heterozygous for both TPMTand NUDT15,
dose based on a tolerability of 30-50%

Reduce starting dose (50-80% of normal
dose)

Not available
Not available

Reduce starting dose (50-90% of normal
dose)

If heterozygous for both TPMTand NUDT15,
dose based on a tolerability of 30-50%

For malignancy, reduce starting dose
(25% of normal dose)

For nonmalignant condition, consider alter-
native non-thiopurine agents

Avoid 6-TG

Reduce starting dose (10-20%" of normal
dose)

Not available

Reduce starting dose (5-10% of normal
dose)

It has been known that normal starting doses vary by race/ethnicity and treatment regimens. If the standard dose is below the normal recommended dose, dose reduction
might not be recommended for intermediate metabolizers [1].

*There were insufficient data available to calculate the exact percentage.
Abbreviations: 6-MP, 6-mercaptopurine; 6-TG, 6-thioguanine; AZA, azathiopurine; CPIC, Clinical Pharmacogenetics Implementation Consortium; DPWG, Dutch Pharmacoge-
netics Working Group; EMA EPAR, European Medicines Agency European Public Assessment Report; US FDA, US Food and Drug Administration.
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