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Rational Dosing of Azathioprine and 6-Mercaptopurine
in Inflammatory Bowel Diseases

Won Ho Kim, M.D., Jae Hee Cho, M.D., and Tae Il Kim, M.D.

Department of Internal Medicine, Institute of Gastroenterology,

Yonsei University College of Medicine, Seoul, Korea

Immunosuppressors, 6-mercaptopurine (6-MP) and its prodrug azathioprine, are used frequently for the treatment
of inflammatory bowel diseases (IBD) such as ulcerative colitis and Crohn’s disease and primarily for the maintenance
of remission. The 6-MP is either inactivated to 6-methylmercaptopurine by thiopurine methyltransferase (TPMT) or
to 6-thiouric acid by xanthine oxidase. On the other hand, it can be activated via a multistep enzymatic pathway
to the putative active metabolites, 6-thioguanine nucleotides (6-TGN). Clinical responsiveness and side effects are
associated with TPMT genotype and phenotype because the enzymatic activity of TPMT is genetically determined.
Until now, significant proportion of patients with proper indication are not using immunosuppressors because of
safety concern and delayed onset of action. Recently, gastroenterologists who accept immunomodulators as the
treatment method for IBD are increasing on the basis of favorable results regarding efficacy and safety. The recent
application of pharmacogenetics, the study on variability of drug response due to genetic factors, has provided a
chance for tailoring doses in the individual patients. (Korean J Gastroenterol 2003;41:423-437)

Key Words: Colitis, ulcerative; Crohn disease; Azathioprine; 6-Mercaptopurine; Immunosuppressive agents
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ASM AHEIM 6-mercaptopurine %
azathioprine?| Al AAN

1 o3 o] A A (immunosuppressant) =X 7 e 2 A| (immuno
modulator)2] 6-mercaptopurine (6-MP)Z} azathioprine (AZA)-2
A el S A e 2 ATSAT el
AARE 715S vehi=E gt AMA(anti-metabolite) £
2ay)% shh! =4 AAste] o= Bt oA Azt
o} 2o Al o & olste] 6-MP/AZAY} X EAIE Led 7
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HE AR AA ASSA gk Qe AgelAw %
oll tigt Aol AlmEm Bl tig $eli ol

A A2 o] WashE 3 ek’ AR G54 A3
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= ot vlFollA = < 5%, Ml ok 1% 2 34t
3 gk’ B2 2 3ba9] ulgo] &2 3% o8r|H
ollA9] A-g-Fol kA 28%0l o] Bk Haw et
Woll A 6-MP/AZA A& vlgoll tigh k8= glov) A-go}
A Rle] s 28 gAF FollA 6-MP/AZAS] Ag- vl
© 37.5% (110/293)0)] D3kt shm,? Al mgle] A
ol ofshd 2 AlFA diAdelA 5d 74 ALE
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Mount Sinai ¥ ol 4] 23 A7 A7 g} AT
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58%~89%0] 1 1271 T3l SA S 64%~75% REEA]
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ol= iz Ayztge”

6-MP/AZAS} odby] Hahg-2 odefx] w33} w|d# A
bSO ® FHEI § gt ekt SYF o g whAsle
H A b2 AE-E AL YA 1-4F oule] wlE 4]
Zholl JEhtaL A oIt 75 A Ashar whg A7kl
Fgo] Jepteg giiie] A9 FAE AL AgsiA
S Hlok 7hd &9 SR vk A, W, 34
5, IR w5, AL k] Selck dEA e &
o] A (idiosyncrasy) wfiZoll AZet 285 wlg] odl&e=
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T T Agsa Jde BTl BAdo] dAs e
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2 9ol ob4 Zokat 7hede] YR} u|LH A ukLo] E
Sttt 6-MP/AZAC] 2]3F Rz o] wix = 10%~39% &
v AN Azkg Bahge Eabx] okek!M gl
A 7V BAL e WP WEE F9] AT
AJ—E | 11-20%0]] o] 2rhe Ba% glorP' me 7
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Ao] &E-& 5%~37% 2 NAA7}F stk Aol F
5 o AZAE H4 vl Eel Tpell leto] whE %
T2 6-MPE WslEcl. AZAS] 88%7} 6-MPZ wW3lE] 1
6-MP9] HEx}ek2 15228 AZA HA}Ekel 277.39] 55%0]
B2 olF AE AW o= AZASL 6-MP Q72
H)E, & HEASF 2.08S aeistoiol gek® 12} 6-MP
o] FE2 Haroll whgl Xpol7h Zm Gkl whE Xo| =
o AA| 7 oA 7he] &kl whE AE X E vl
71 o]k’

6-MP/AZAE L AAZ= E37F §la AlE dlol A o
ALE]o]oF 6-TGN (thioguanine nucleotides)¥} 6-MMPR
(6-methylmercaptopurine ribonucleotides) 5-2] A A -E
o] Atk 6MP/AZAS] T A 3 WY A A=
LA AR 6-TGNo| A2 DNAe]| 7]o}5o] DNA A
gk} QI A AE Zelfe}y] wiio] ok 6-MP/AZA
7 5338 38 AH vgA 9 84 dibEE A
Woll 4] W 2ksl= g o] thiopurine methyltransferase (TPMT),
xanthine oxidase (XO) 3! hypoxanthine-guanine phospho-
ribosyl transferase (HGPRT) 5 37}4] 9] 93 547} 73
AR o 2 2-&-3hc}(Fig. 1).
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Fig. 1. Metabolism of 6-MP/AZA.
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Table 1. TPMT Activities in Common TPMT Genotypes

TPMT allele Codon 460 Codon 719 Catalytic activity

TPMT*1 G A Normal
TPMT*3A G — A A—G Complete loss
TPMT*3B G —A A 9 fold reduction
TPMT*3C G A — G 1.4 fold reduction
X AHS WY
1. 8385
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142 24& 7179 Zol= gIARE o]2Ad E3-E2 AZA
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L 6TGE F2 WM A8= e Zof mgel ]
g A A} 6-TGE Fola}S w 6-MP Kol Aol us}
o] 6-TGN 5= #AH At £S%7) Eola Bl
O odzd AL A f-EAS LolrT] gslo]
Cedars-Sinai }QollAl= F4=Q &5F2] 6-MPE AH-&-3)
Qe w) HFSS HolA] ¢ka TPMT A5 AAbolwiA
6-TGN 5% Yl 6MMPR S5 %;% B A
e o 6TGE Folalit”
ZAQ HAg, 5o 6-MMPRI} 03%24_ EA e
& AR G 40 meld, Lol 20 men’
6-TGE 1637+ SoJslr] & stgtd), 28 28 Aj3e =
TR Foto] Alel= et AL 16-r7b1 Agg =
87 % 79ellA 4 Aol lolwm o F 4 el 4
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B2 A AAHR WS-ES 70%3ek A 55 AAE W &
SAoINH 57 TollAl 482 4ol W LA AT

(Crohn’s disease activity index, CDAT)7} 707 o]4+
I A 1L 8 Ael] ZAFE 2d R =5 A
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Sl o] Eol 4= Qlojrl. 7HEA wl sy 4o
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Ao Aats FH o HAES Agel osH AZA
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3) TPMT REEE2 ofH 2JQ|7} JU=7}?
6-MP/AZA 2] 553 =4 ZwollA] ohekst AIxb=
BH TpMT A %] elayt zfolol] 7]elshm.*** TPMT
FA T = TPMT tH-3-42 €} A (polymorphism)@} 12k
HAek” wabA] 6-MP/ AZAE g A-gslrloll ¢4 F4Y
S gopry] A7k Barg s 98 F glor'” gxgo)

£ AA &35 AAG Tlel=els wE 5
(Table 2).63

Table 2. TPMT-based Dosing Guideline for Initiating 6-MP/AZA

L
TPMT/TPMT"  Normal or high 1~1.5 mg/kg/d 2.5~3.0 mg/kg/d
TPMTH/TPMTL Intermediate 0.5 mg/kg/d 1 mg/kg/d
TPMTYTPMT" Low or deficient Not tested

TPMT §4719] Eelulo]ol] W 4] That w7
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6-MMPRZ tAE|mg2 #5o] Y Ha-go] Yehly] 4]
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N I
5) 6-MP CiAKIE S&ES S8 =8 AFHOIE o

HHHOI7F?
AT TGN §EF Z4ek BHE 6MP/AZA o X
257 FALS Yothe F2 U
AP 6-TGN F=7 v =2

< Zsla Wiz vF dom 35 Vel
ol WE I vV R 154 ARt e Y
-TGN F=7} #ellel - o= QA= QIAkjle] Bk
Qdtd X & HFSS 6-TGN %7} 235~260 pmol/8x10°
RBC o]AFY uf] 2= o]} B8 m 2 cedars-Sinai <)
] Dubinsky G- 354 A3k ghol 2vell A 6-MP thAt
e FAGAE” 94 kel e w9 6-TON ¥
£9] Zokzk ()L 312 (49~1,203) pmol/8 X10° RBCE
uk-go] 915 ufe] 199 (0~705) pmol/8 X 10° RBCEL} -2
87 =9ka1, 6-TGN %7} >235 pmol/8 X 10° RBCO] 7
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Fig. 2. Three types of 6MP/AZA treatment failure. (A) Under-
treatment means insufficient treatment of AZA/6MP (eg: low dose,
non-compliance, malabsorption), (B) Thiopurine resistant means
treatment failure in spite of sufficient AZA/6-MP dose, and
(C) Thiopurine refractory means treatment failure in spite of high
concentration of 6-TGN.
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