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Azathioprine and 6-Mercaptopurine in Ulcerative Colitis

Won Ho Kim, M.D., In Hye Park, M.D., Jae Hee Cho, M.D., Tae Il Kim, M.D.

Department of Internal Medicine, Institute of Gastroenterology
Yonsei University College of Medicine

Most of patients with ulcerative colitis have intermittent chronic disease demonstrating recurrent flare-ups of
bloody diarrhea and symptom-free periods. Sulfasalazine and mesalazine are the first-line medical therapy in patients
with mild to moderate activity, as both of them are effective in inducing and maintenance of remission. However,
significant proportion of patients needs stronger drugs such as corticosteroids. As corticosteroids are ineffective for
the prevention of relapse and associated with frequents side-effects, immunosuppressors, 6-mercaptopurine (6-MP)
and its prodrug azathioprine, have been used in selected patients.

After absorption azatioprine is rapidly converted to 6-MP non-enzymatically and 6-MP is either inactivated by
thiopurine methyltransferase (TPMT) to 6-methylmercaptopurine or by xanthine oxidase to 6-thiouric acid, or it is
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 receiving immunosuppressors because of safety concern and delayed onset of action. Recently,
however, gastroenterologists’ acceptance for immunomodulators is increasing based on favorable results
regarding efficacy and safety. The recent application of the study of variability in drug response due to genetic
factors, termed pharmacogenetics, has provided a chance for tailored dosing in the individual patients. (Intestinal
Research 2003;1:5-18)
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Fig. 1. Chemical structures of 6-mercaptopurine and
azathioprine.
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Fig. 3. Distribution of human TPMT activities
according to genotype.

Table 1. Ethnic Differences in TPMT Polymorphisms

Ethnicity No. of ~ TPMT=2 TPMT=3A TPMT=3C
alleles (%) (%) (%)
England 398 0.5 4.5 0.3
France 382 0.5 5.7 0.8
American White 282 0.2 3.2 0.2
American Black 248 0.4 0.8 2.4
South west Asia 198 0 1 0
Kenya 202 0 0 5.4
Cana 434 0 0 7.6
China 384 0 0 2.3
Japan 1044 0 0 1.6
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Fig. 4. Human TPMT polymorphisms. The figure
shows schematically the wild-type allele for TPMT*1
and five variant alleles for low enzyme activity. The
location of single nucleotide polymorphisms in exons 7
and 10 that after encoded amino acids in the most
common open reading frame (ORF). Exons are
numbered and shown as rectangles, with black areas
representing the ORF and white areas representing
3'-and 5'-untranslated regions.
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Fig. 5. Correlation between TPMT genotype and
phenotype.

Table 2. 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=3B8 G—A A Stold reduction
TPMT=*3C G A—G 1.4told reduction
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Fig. 6. Odds ratio of response in randomized controlled studies

of 6-MP/AZA for active Crohn's disease.
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Table 3. Efficacy of 6-MP/AZA in Crohn’s disease

Remission induction Remission maintenance

Efficacy

Response rate 54% vs. 33% 67% vs. 52%
Odds ratio 2.43 (1.62~3.64) 2.16 (1.35~3.47)
NTT 5 7

Steroid reduction
Reductim rate  65% vs. 36% 87% vs. 53%
Odds ratio 3.86 (2.14~6.96) 5.22 (1.06~25.68)
NTT 3 3

Side effects

Incidence 9.3% vs. 2.3% 5.8% vs. 1.3%
Odds ratio 3.01 (1.30~6.96) 4.36 (1.63~11.67)
NTH 14 19
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Table 4. Comparison of Efficacy of AZA between
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Crohn’s disease Ulcerative colitis

n % n %
AZA use 272 346
AZA use (>6 M) 192 71 232 67
Remission induction 122 202
ITT (intention to treat) 45 58
PP (per protocol) 6 4 87
Remission maintenance
(>6 M) 91 75 159 79
Final efficacy 33 46
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Fig. 8. Cumulative relapse rate in ulcerative colitis.

12

A AA et st Al do) g A
19749 A NFHAA 2HZo|= FAAE-
< 1d¥ 29 9 sdel] 47t 19.4%, 22.4% 2 33.0%% 3L
A A AHEEE 47 05%, 23% 2 7.6%2A4 A
itﬂ g}x]. 72\3101]}\1 11434. 2Lq UJ 5\4;;1]]9] /\Eﬂgo]g
AHE-E-91 48, 6%, 50.0%, 2 69.8%°F WA A A&
Ql 1.4%, 5.6% 2 302%c] vle|A &= Foy Aol gt
Al Al 2ol Y Ert =2 okAle] Algo] £/}
&% thFg 9).%7

o rf

=

Crohn’s disease

>
£
8
[
2
[
[

0 20 40 60 80 100 1
Months

Fig. 9. Cumulative probability of medication use in UC
and CD.

2. PEMTEE Sol| HSY A 6-MP/AZA
AHZ0| HMEHHOIAE OfF2t Z22| AFZ FA|

6-MP/AZA7} 2] AME-ERA] &3k o] &
& TAAQJA A5t BA g, F2Eo] g3k 9o

Bolzto] M, BokS A3 o] g3y} UYER}
|

= o

S

N
o
Oﬂ
i
)
o
}:o
ek

5
_EL
i
o
N

it
oE
i)

f
il

AA R A9 g4S OM 6—MP/AZA-§ AHgste &
Aol v gl g A&t k5= gloy nloA = oF
5%, NIt e o 792 FAE I B2
5 gt v go] & 34 57| oMo A&
o] EolA] 28%¢°l o] Ethe Bk Utk FfdA =
6-MP/AZA A18H]1&d dig 25 E glov A&olity
de] A5 AEY A} FollA 6-MP/AZAS] AH-EH] &2

s, By °H Zh:
EH Foll A 5 A AE

o
}
375% (110/293)°] &3}
o ostd 22} A%
o 247} 302%9F 7.6%°)
Hu] Aofislr|g et
A g A 6-MP/AZAC Ul

o

ST

—Q o_>:,

/\

Q AL e
gk 0143} A}g-73 90

29
[ =N
j=

[‘_E o}i

mo
= OIN



Won Ho Kim, et al : Azathioprine and 6-Mercaptopurine in Ulcerative Colitis

7} 20000 T 2ol AA HAERARE Aol ofshH
ol eHlZt At BHgHm 9eS & 5+ U =
103 Atolef] A& ol A 9] ALE- &2 80%l A 9% =
aga AF gl e 4%l 9B3%E mobH o
o, AR B dollE A9 BE HZFd| tig A
S-8o] 19909 w3kl 20008l FelEtAl Eolxl
ThEig. 10). Zoto] A3AFAs A AAAAA 7}
Faltta QA EE SERe] HIEE 1990 o= 73% 9
o1} 200010l = 3% =obxl B Fakgol it
et SEAY] HE&L 23| WolsthFg. 11).

Growth Faikee
Estrainleslinal
Marifestabcns 9
Erophylans aftar bowel 11990 Survey
FEBBEIN W 2000 Su

o PO e—

Infractabie Pardanal
Digese

Alternative o mads with
side effects

Iritial Primary Thesapy h .

® p< 0001 vs 1990 data

s 11]‘1!; zﬂl".\i a[lm. dﬁlﬂs dﬂl‘% B0 I'I]IH; Sﬂl"ﬁ B0 10;11&
Percent of Respondents

Fig. 10. Percentages of responders using immuno-—
modulatory agents for specific indications.

bl Level of Cancern
1 | [ e
2 [ Maderate
.ﬁ T - . 1990
Marhed
g 0% - . |
a 2000:
H 50% - - Moterato
[ 4 | L] L]
40% 2000;
E | Marhed
E 0% -
& 20% - 1690 ve 2000
1 I COMparisons:
% L : W f cop<on
D | ] I. J " p < 00002
A B c D E F G H

Fig. 11. Physicians concern regarding immuno—
mdulatory therapy

A=allergy; B=growth suppression; C=auate toxicity:
D=malignancy: E=bone marrow suppression; F=
teratogenicity; G=immune suppression; H=iafertilty

Aol A% ALl 6MP/AZAS At
£ o d3EE d3F Fxold, A digd A

6-MP/AZAS] A&52 1) Aol e/ld ©]/d Al&ato]
2H 2| =5 AHEEHA H AU Aol x 23] o] Al&Es)
odx AH RO EE FHA] Rdhe 2HRO|E ofE
A, 2) 5-ASAA| 2] g TR0 AH Zo|EE ALE3)

T o] A&E e T AEA A Be 2R
= U 2FA (refractory), 3) 5-ASAZI 9] &4 FoFEolu}
2| 2ol 2o Y3 £ EAY B oz Q)
o AMEE = glomA o] A&HE A 2 9)
cyclosporine A (CsA)Z =3 e & FA 8t st=
A% 52 & F It

6-MP} AZAS] Al7et Fab-8-3= HA R A 28%
AqAE 271 F94, FE 4 ZKF o= A <
Al & -&(ntolerance)°| A7} HH o]F HdFE A
22 A& EeiA Bk o224 o2 6MPe} AZA
folell <Felaha] 2877 e] Apole AW o] 3t &
22 £ AH&ste $EAolA 6MPHETE s,
AZA A 5o A A53G4HEg ghate] oF 2304
6MPZ WAsl X85 A&T & Usithe A2 2
7F kP vt 2 6 MPol Hlete] AZAS] Fol $-
Folthe BT QloBR AZA 1 AA| EE tE o
A EE B AR o Wle e Az
2 5k dutz oz nId e 6MPE 281 f
Holl A= AZAE M sste o] St 6-MP X 5o
Aok gatel| Al A4 6-TGNSZ HER Wghe =
6TGE A3 Folate Ame WE AlY o 535
AL F dE el oy AHI £33 A7)
At A2t FESA on FZF 93
7b $2157] W] Al 6-TG AHS-S BHA
Ao Aslrle oYhH®

AA Al 6-MPE 3HF 1~1.5 mgkg, AZAE 2~
2.5 mgkg7t B SFolth g 27| Ao gy
B Al&ete] 1-0F 7HE o2 MM Zste] g4 &k
3 A
= Aet=

3
o= B9e ABE gr14o RN

>

o mo X, ol

rr
ofy
ox,
T X0 1 e Jl g

o ol opt 4 o 1o O 2 ofr &g

_E
it
gk
-
1o
)
B>
N
v
o,
AW
fe —
>
N,
i
K3
A
o M

=

=
i
b1
%0,
-+
:
Ho
Y
>
1o
iy
re
rE
o
o
£
i



AR AE NI RATS I¥ete 789
A ATHA| PR g Mp/AZA] ©]e 2475
A7} 25 TPMT 439 34 73t AL
Yuz” 6MPAZA AH&dl 9A TPMT $438<& =
e Ao] go] H7]E AT dAA 7EA 7t =
Rth 2o wgo g TPMT SA L e &3 %
o2z o gk Ego] HAW” TPMT &4 =7}

of we} WM & gl W ooheh 3o
B EE R R E 2 R
ME 89 Ho| Tk JE 3 6 TON &
B E 6-MP/AZAS] A& f%3 F%
& el ol & 4™ 6 TGN
2 zow 257)% 94 5o R4S
M e Uy god vE vehjx %
MO 6 MPIAZAS: &3 Sl BAtl A
o] & A% A 6TON FEE Zx= e
S Bl AZE B AL S AT
1 6-MP/AZAC] tgt HH-&-w3} Ao Ato]e]l 6-TGN

=
&

s
o =
2
we e = o

Beopm o o O ol & (@ 8 o X
[ oo (0 & i koo S [ AL R orF oo & 12

ofo
o

=

R
B oo

—
.
o]

=
=
KN
a2

g 5 oly g} 6 TGN F=7}

< it Autd drdne
B 2P A A A 6 TGN Z4 0] o444 o]

1 8 FE gt

SI7dElel e AS9FAS A 6MPIAZAS
uh Bt ARt Blo] A- Ao tigh A= ob 7t
A gloh! A2 oA 6-MPIAZAS 717 ALER T
BHEA e A3E B ghate] o 23 5id Foll = e
FHE AT wE gl dejdEel 289 g
A5 FAE A7 2sH 6MPE Al AMEE FA)
8ol A 11d, 2, 3 2 53 AA &L 212} 29%, 45%,
55% 2 61%%1 W 6eMPE el 3ol e 27t

$0 N off

e fo b
_‘-"E
N
a=}
1
s}
ko
QE
Ky

7t sty H R fAHE AEY M E 6-MP

& T8 Ha A% AMste A AAske A
E717) Bk AZAS H4a o1E o) AHEE F
A gD FAelA 1d AAEL 36%<] v AR
1A o FAl| A& 59%0)] o] ErtE HiE Kol 7
P WAL BalGA Gt B’ Azt
A FEIA A e dEA UA &k A o

A

2 AEoNA Ad A olA 6-MP/AZA 2187

o thate] AES Aol 23l Aol BEFE FE
(o]

& &2 o 7 VIR B AMg T @k

!
= Agdte AN WAL

{u
it
of
=

H
ARE FReA 9% FRHon )
Q_ =]

M gonz A

ot ofr
=2

o J;; o
N
o=
)

.
g
o>
)

(e}

g0 A2 HASE D Ak AP DFGANA 282
o= o)F EE AL BY B F5T 94 6Mpy
AZAS) S A A, 9] st RAEE W
Sl BUBSRA FRE §3S FED 17 B A
gaht Zlo] AW oUvk SFEAAste) W] we
Rarge] WYY FFsel £ BAE vie A3
1 oA R0 Hd REAR At 49
2 g,

=
re
ra
i)

. 434 349, A9 039G, 289,
Azathioprine, 6-Mercaptopurine

L

]

rq

a2

1. Lennard L. The clinical pharmacology of 6-mercaptopurine, Eur
J Clin Pharmacol 1992;43:329-339.

2. Van Os EC, Zins BJ, Sandborn WJ, Mays DC, Tremain WIJ,
Mahoney DW, et al. Azathioprine pharmacokinetics after
intravenous, oral, delayed release oral and rectal foam
administration. Gut 1996;39:63-68.

3. Zimm S, Collins JM, Riccardi R, O’Neill D, Narang PK,
Chabner B, Poplack DG. Variable bioavailability oral mercap-
topurine. Is maintenance chemotherapy acute lymphoblastic
leukemia being optimally delivered? N Engl J Med 1983;
308:1005-1009.

4. Elion GB. The pharmacology of azathioprine. Ann NY Acad
Sci 1977;21:401-407.

5. Keuzenkamp-Jansen CW. DeAbreu RA, Bokkerink JP,
Lambooy MA, Trijbels JM. Metabolism of intravenously
administered high-dose 6-mercaptopurine with and without



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

allopurinol treatment in patients with non-Hodgkin lymphoma. J
Pediatr Hematol Oncol 1996;18:145-150.

. Black AJ, McLeod HL, Capell HA, Powrie RH, Matowe LK,

Pritchard SC, et al. Thiopurine methyltransferase genotype
predicts therapy-limiting severe toxicity from azathioprine. Ann
Intern Med 1998;129:716-718.

. Relling MV, Hancock ML, Rivera GK, Sandlund JT, Ribeiro

RC, Krynetski EY, Pui CH, Evans WE. Mercaptopurine therapy
intolerance and heterozygosity at the thiopurine S-methyl-
transferase gene locus. J Natl Cancer Inst 1999;91:1983-1985.

. Weinshilboum RM, Sladek SL. Mercaptopurine pharmaco-

genetics: monogenic inheritance of erythrocyte thiopurine
methyltransferase activity. Am J Hum Genet 1980;32:651-662.

. Corominas H, Domenech M, Gonzalez D, Diaz C, Roca M,

Garcia-Gonzalez MA, et al. Allelic variants of the thiopurine S-
methyltransferase deficiency in patients with ulcerative colitis
and in healthy controls. Am J Gastroenterol 2000;95:2313-
2317.

Tai HL, Krynetski EY, Yates CR, Loennechen T, Fessing MY,
Krynetski NF, Evans WE. Thuopurine S-methyltransferase
deficiency: two nucleotide transitions define the most
prevalent mutant allele associated with loss of catalytic
activity in Caucasians. Am J Hum Genet 1996;58:694-702.
Yates CR, Krynetski EY, Loennechen T, Fessing MY, Tai HL,
Pui CH, et al. Molecular diagnosis of thiopurine S-methyl-
transferase deficiency: genetic basis for azathioprine and
mercaptopurine intolerance. Ann Intern Med 1997;126:608-614.
Spire-Vayron de la Moureyre C, Debuysere H, Sabbagh N,
Marez D, Vinner E, et al. Detection of known and new
mutations in the thiopurine S-methyltransferase gene by single-
strand conformatinal polymorphism analysis. Hum Mutat 1998;
12:177-185.

Otterness DM, Szumlanski C, Wood TC, Weinshilboum RM.
Human thiopurine methyltransferase pharmacogenetics: kindred
with a terminal exon splice junction mutation that results
in loss of activity. J Clin Invest 1998;101:1036-1044.
Otterness D, Szumlanski C, Lennard L, Klemetsdal B,
Aarbakke J, Park-Hah JO, et al. Human thiopurine methyltran-
sferase pharmacogenetics: gene sequence polymorphisms. Clin
Pharmacol Ther 1997,62:60-73.

Park-Hah JO, Klemetsdal B, Lysaa R, Choi KH, Aarbakke J.
Thiopurine methyltransferase activity in a Korean population
sample of children. Clin Pharmacol Ther 1996;60:68-74.

Jang 1J, Shin SG, Lee KH, Yim DS, Koo HH, Kim HK, et al.
Erythrocyte thiopurine methyltransferase activity in a Korean
population. Br J Clin Pharmacol 1996;42:638-641.

McLeod HL, Lin JS, Scott EP, Pui CH, Evans WE. Thiopurine
methyltransferase activity in American white subjects and black
subjects. Clin Pharmacol Ther 1999;55:15-20.

McLeod HL, Pritchard SC, Githang’a J, Indalo A, Ameyaw
MM, Powrie RH, et al. Ethnict differences in thiopurine
methyltransferase pharmacogenetics: evidence for allele
specificity in Caucasian and Kenyan individuals. Pharmaco-
genetics 1999;9: 773-776.

Kumagai K, Hiyama K, Ishioka S, Sato H, Yamanishi Y,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

21
(=]

[

S 9 3¢ : Hty cHEHoM HAARA R=2

McLeod HL, et al. Allotype frequency of the thiopurine
methyltransferase (TPMT) gene in Japanese. Pharmacogenetics
2001;11:275-278.

Rossi AM, Bianchi M, Guarnieri C, Barale R, Pacifici
GM. Genotype-phenotype correlation for thiopurine S-
methyltransferase in healthy Italian subjects. Eur J Clin
Pharmacol 2001;57:51-54.

Cuffari C, Theoret Y, Latour S, Seidman EG. 6-Mercaptopurine
metabolism in Crohn’s disease: correlation with efficacy and
toxicity. Gut 1996;39:401-406.

Lennard L, Van Loon JA, Weinshilboum RM. Pharmaco-
genetics of acute azathioprine toxicity: relationship to thiopurine
methyltransferase genetic polymorphism. Clin Pharmacol Ther
1989;46:149-154.

Christie NT, Drake S, Meyn RE. 6-Thioguanine induced DNA
damage as a determinant of cytotoxicity in cultured hamster
ovary cells. Cancer Res 1986;44:3665-3671.

Fairchild CR, Maybaum J, Kennedy KA. Concurrent unilateral
chromatid damage and DNA strand break in response to
6-thioguanine treatment. Biochem Pharmacol 1986;35:3533-
3541.

Lennard L, Lilleyman JS, Van Loon J, Weinshilboum RM.
Genetic variation in response to 6-mercaptopurine for childhood
acute lymphoblastic leukemia. Lancet 1990;336:225-229.

Bean RHD. Treatment of ulcerative colitis with anti-metabolites.
Br Med J 1966;1:1081-1084.

Present DH, Korelitz BI, Wisch N, Glass JL, Sachar DB,
Pasternack BS. Treatment of Crohn’s disease with 6-
mercaptopurine: a long-term, randomized, double-blind study. N
Engl J Med 1980,302:981-987.

Sandborn W, Sutherland L, Pearson D, May G, Modigliani
R, Prantera C. Azathioprine or 6-mercaptopurine for inducing
remission of Crohn’s disease. Cochrane Database of Systematic
Reviews [computer file]. 2000;(2):CD000545.

Pearson DC, Nay GR, Fick GH, Sutherland LR Azathioprine
and 6-mercaptopurine in Crohn’s disease: a meta-analysis. Ann
Intern Med 1995;123:132-142.

Pearson DC, May GR, Fick G, Sutherland LR. Azathioprine for
maintaining remission of Crohn’s disease. Cochrane Database of
Systematic Reviews [computer file]. 2000;(2):CD000067.
Jewell DP, Truelove SC. Azathiprine in ulcerative colitis: final
report on a controlled therapeutic trial. Br Med J 1974;4:627-
630.

Rosenberg JL, Wall AJ, Levin B, Binder HJ, Kirsner JB. A
controlled trial of azathioprine in the management of chronic
ulcerative colitis. Gastroenterology 1975;69:96-99.

Caprilli R, Carratu R, Babbini M. A double-blind comparison
of the effectiveness of azathioprine and sulfasalazine in
idiopathic proctocolitis: preliminary report. Dig Dis Sci 1975;
17:111-118.

Kirk AP, Lennard-Jones JE. Controlled trial of azathioprine in
chronic ulcerative colitis. Br Med J Clin Res Ed 1982;284:
1291-1292.

Hawthorne AB, Logan RFA, Hawkey CJ, Foster PN, Axon
ATR, Swarbrick ET, et al. Randomized controlled trial of

15



Intestinal Research : Vol. 1, No. 1, 2003

36.

37.

38.

39.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

16

azathiprine withdrawl in ulcerative colitis. Br Med J 1992;
305:20-22.

Lobo AJ, Foster PN, Burke DA, Johnston D, Axon ATR. The
role of azathioprine in the management of ulcerative colitis. Dis
Colon Rectum 1990;33:182-185.

Adler DJ, Korelitz BI. The therapeutic efficacy of 6-
mercaptopurine in refractory ulcerative colitis. Am J
Gastroenterol 1990;85:717-722.

George J, Present DH, Pou R, Bodian C, Rubin PH. The long-
term outcome of ulcerative colitis treated with 6-mercaptopurine.
Am J Gastroenterol 1996;91:1171-1174.

Ardizzone S, Imbesi V, Bollani S, Biancji-Porro G, Molteni P.
Azathioprine in steroid-resistant and steroid-dependent ulcerative
colitis. J Clin Gastroenterol 1997;25:330-333.

. Mantzaris GJ, Archavlis E, Kourtessas D, Amberiadis P,

Triantafyllou G. Oral azathioprine for steroid refractory severe
ulcerative colitis. Am J Gastroenterol 2001;96:2797-2798.
Falasco G, Zinicola R, Forbes A. Review article: immunosp-
pressants in distal ulcerative colitis. Aliment Pharmacol Ther
2002;16:181-187.

Fraser AG, Orchard TR, Jewel DP. The efficacy of azathioprine
for the treatment of inflammatory bowel disease. Gut 2002;50:
485-489.

Kull E, Beau P. Compared azathioprine efficiency in ulcerative
colitis and in Crohn’s disease (in French). Gastroenterol Clin
Biol 2002;26:367-371.

Kader HA, Mascarenhas MR, Piccoli DA, Stouffer NO,
Baldassano RN. Experiences with 6-mercaptopurine and
azathioprine therapy in pediatric patients with severe ulcerative
colitis. J Pediatr Gastroenterol Nutr 1999;28:54-58.

Verhave M, Winter HS, Grand RJ. Azathioprine in the
treatment of children with inflammatory bowel disease. J
Pediatr 1990117:809-814.

Present DH, Melzer SJ, Krumholz MP, Wolke A, Korelitz BIL
6-Mercaptopurine in the management of inflammatory bowel
disease: short and long-term toxicity. Ann Intern Med 1989;
111:641-649.

Connell WR, Kamm MA, Titchie JK, Lennard-Jones JE. Bone
marrow toxicity caused by azathiprine in inflammatory bowel
disease: 27 years of experience. Gut 1993;34:81-85.

Fraser AG, Orchard T, Jewell DP. Side effects of azathioprine
treatment given for inflammatory bowel disease: a 30 year
audit. Gastroenterology 2000;118:A4201.

Sandborn WIJ, Tremaine WJ, Wolf DC, Targan SR, Sninsky
CA, Sutherland LR, et al. Lack of effect of intravenous
administration on time to respond to azathioprine for steroid-
treated Crohn’s disease. North American Azathioprine Study
Group. Gastroenterology. 1999;117:527-535.

Barabino A, Torrente F, Ventura A, Cucciara S, Castro M,
Barbera C. Azathioprine in paediatric inflammatory bowel
disease: an Italian multicenter survey. Aliment Pharmacol
Ther 2002;16:1125-1130.

ojglF, M, WA, WH, Wz, Fd4
HelZ, o3 A

[
1Y, 48, TU4, RS, 1YY, 2
BEA}ol| A Azathioprine x| 5.9] F-2}-&-o et Hu, v sk

52.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

64.

65.

66.

67.

2}8+8] 4] 2002;63:568.

AR AF, AU, HLs, A, 1B E, WA,
Aot 95442 % kRt A thiopurine methyltransferase
FRIAA] 43H 788, @t A] 2002;63:567.
Connell WR, Kamm MA, Dickson M, Balkwill AM, Ritchie
JK, Lennard-Jones LE. Long-term neoplasia risk after
azathioprine treatment in inflammatory bowel disease. Lancet
1994;343:1249-1252.

Asten P, Barrett J, Symmons D. Risk of developing certain
malignancies is related to duration of immunosuppressive drug
exposure in patients with theumatic diseases. J Rheumatol 1999;
26:1705-1714.

Larvol L, Soule JC, Le Tournecau A. Reversible lymphoma in
the setting of azathioprine therapy for Crohn’s disease. N Engl
J Med 1994;331:883-884.

Loftus EV, Tremain WJ, Habermann TM, Harmsen WS,
Zinmeister AR, Sandborn WJ. Risk of lymphoma in
inflammatory bowel disease. Am J Gastroenterol 2000;95:2308-
2312.

Palli D, Trallori G, Bagnolli S, Saieva C, Tarantino O, Ceroti
M, et al. Hodgkin’s disease risk is increased in patients with
ulcerative colitis. Gastroenterology 2000;119:647-653.

Farrell RJ, Ang Y, Kilen P, O’Briain DS, Kelleher D, Keeling
PWN, et al. Increased incidence of non-Hodgkin’s lymphoma in
inflammatory bowel disease patients on immunosuppressive
therapy but overall risk is low Gut 2001;47:514-519.

Lewis JD, Schwartz JS, Lichtenstein GR. Azathioprine for
maintenance of remission in Crohn’s disease: benefits outweigh
the risk of lymphoma. Gastroenterology 2000;118:1018-1024.

. Nielsen OH, Vainer B, Rask-Madsen J. The treatment of

inflammatory bowel disease with 6-mercaptopurine or
azathioprine. Aliment Pharmacol Ther 2001;15:1699-1708.
Belliveau P, Trudel J, Vasilevsky CA, Stein B, Gordon PH.
Tleoanal anastomosis with reservoirs: complications and long-
term results. Can J Surg 1999;42:345-352.

Meagher AP, Farouk R, Dozois RR, Kelly KA, Pemberton JH.
J ileal pouch-anal anastomosis for chronic ulcerative colitis:
complications and long-term outcome in 1310 patients. Br J
Surg 1998;85:800-803.

Hurst RD, Finco C, Rubin M, Michelassi F. Prospective
analysis of perioperative morbidity in one hundred consecutive
colectomies for ulcerative colitis. Surgery 1995;118:748-754.
Mahadevan U, Loftus EV, Tremain WIJ, Pemberton JH,
Harmsen WS, Schleck CD, Zinsmeister AR, Sandborn WJ.
Azathioprine or 6-mercaptopurine before colectomy for
ulcerative colitis is not associated with increased postoperative
complications. Inflam Bowel Dis 2002;8:311-316.

Ferzoco SJ, Becker JM. Does aggressive therapy for acute
ulcerative colitis result in a higher incidence of staged
colectomy? Arch Surg 1994;129:420-423.

Lee CR, Seo JH, Han CH, et al. Characteristics of ulcerative
colitis according to the age of onset. Korean J Gastroenterol
2001;37:196-202.

e A2 71F9 X E: evidence-based medicineS
Ao 2, HEkAst7] 838 R 2002;40:S55-S65.



68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

7.

80.

81.

82.

83.

84.

85.

Won Ho Kim, et al :

o]ﬂ];] /\]/Hy,]. 71%01 b

223171 8}3] 2] 2002;40:S187.

/374 kel 4] azathioprineZ}
223171831 A] in press

195, 4299A8e) A 3 A2 ARAE A 68 ¥
At A3 4 EA]8- 2003;119-126.

A%, AP gl A 8. A58 Farsta 2]
Wz A FA]-E. 2002;145-157.

Munkholm P, Langholz E, Davidsen M, Binder V. Frequency of
gluococorticoid resistance and dependency in Crohn’s disease.
Gut 1994;35:360-362.

A5, AW HRE A 5. s3] A] 2002;40:
S66-S71.

Farmer RG, Easley KA, Rankin GB. Clinical patterns, natural
history, and progression of ulcerative colitis: a long-term
follow-up of 1116 patients. Dig Dis Sci 1993;38:1137-1146.
Choi CH, Jung HW, Lee JH, et al. Clinical course in ulcerative
colitis: analysis of the factors affecting the clinical courses
during the first year, and the changes of the clinical courses
during 5 years. Korean J Gastroenterol 2001;38:169-176.
Cuffari C, Lake A. 6-Mercaptopurine in chronic ulcerative
colitis: two steps forward with another step back? J Pediatr
Gastroenterol Nutr 1999;28:17-18.

Sandborn WIJ. Azathioprine: state of the art in inflammatory
bowel disease. Scand J Gastroenterol 1998;225:92-99.
Wallace TM, Veldhuyzen van Zanten SJ. Frequency of
use and standards of care for the use of azathioprine and
6-mercaptopurine in the treatment of inflammatory bowel
disease: a systematic review of the literature and a survey of
Canadian gastroenterolgists. Can J Gastroenterol 2001;15:21-28.
Markowitz J, Grancher K, Kohn N, Daum F. Immunomo-
dulatory therapy for pediatric inflammatory bowel disease:
changing patterns of use, 1990-2000. Am J Gastroenterol 2002;
97:928-932.

Boulton-Jones JR, Pritchard K, Mahmoud AA. The use of 6-
mercaptopurine in patients with inflammatory bowel disease
after failure of azathioprine therapy. Aliment Pharmacol Ther
2000;14:1561-1565.

Bowen DG, Warwick SS. Use of 6-mercaptopurine in patients
with inflammatory bowel disease previously intolerant of
azathioprine. Dig Dis Sci 2000;45:1810-1813.

McGovern DPB, Duley J, Dalton HR. Azathioprine intolerance
in patients with IBD may be imidazole-related and is dependent
of TPMT activity. Gastroenterology 2002;122:838-839.
oj@F, FAT, WA, olFw, AU, o|H, F&
4, TYM, AXE, NEY. o4 B FEY wYor
azathioprine 9 & T W 2% FA}oA] 6-merca-
ptopurine®] A& thakA3}l7]183] 4] 2002;40:S188.
Crawford DJ, Maddocks JL, Jones DN, Szawlowski P. Rational
design of novel immunosuppressive drugs: analogues of
azathioprine lacking the 6-mercatopurine substituents retain or
have enhanced immunosuppressive effects. J Med Chem 1996;
39:2690-2695.

Dubinsky MC, Hassard PV, Seidman EG, Kam LY, Abreu MT,
Targan SR, Vasiliauskas EA. An open-label pilot study using

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

9.

Azathioprine and 6-Mercaptopurine in Ulcerative Colitis

thioguanine as a therapeutic alternative in Crohn’s disese
patients resistant to 6-mercaptupurine theray. Inflam Bowel Dis
2001;7:181-189.

De Jong, Mulder CJJ, van Sorge AA. Why measure thiopurine
methylatransferase activity? Direct administration of 6-
thioguanine might be the alternative for 6-mercaptopurine
or azathioprine. Gut 2001;49:874-875.

Colonna T, Korelitz BI. The role of leukopenia in the 6-
mercaptopurine induced remission of refractory Crohn’s disease.
Am J Gastroenterol 1994;89:362-366.

Berg PS, George J, Present DH, Bodian.C, Rubin. PH. 6MP: is
leukopenia required to induce remission in the treatment of
ulcerative colitis? Gastroenterology 1996;110:A863.

Candy S, Wright J, Gerber M, Adams G, Gerig M, Goodman
R. A controlled double-blind study of azathioprine in the
management of Crohn’s disease. Gut 1995;37:674-678.
Campbell S, Ghosh S. Is neutropenia required for effective
maintenance of remission during azathioprine therapy in
inflammatory bowel disease? Eur J Gastroenterol Hepatol 2001;
13:1073-1076.

Dubinsky MC, Lamothe S, Yang HY, Targan SR, Sinnett D,
Theoret Y, Seidman EG. Pharmacogenomics and metabolite
measurement for 6-mercaptopurine therapy in inflammatory
bowel disease. Gastroenterology 2000;118:705-713.

Lilleyman JS, Lennard L. Mercaptopurine metabolism and risk
of relapse in childhood lymphoblastic leukemia. Lancet 1994;
343:1188-1190.

Chocair PR, Duley JA, Simmonds HA, Cameron JS. The
importance of thiopurine methylatransferase activity for the use
of azathioprine in transplant recipients. Transplantation 1992;53:
1051-1056.

Campbell S, Kingstone K, Ghosh S. Relevance of thiopurine
methyltransferase activity in inflammatory bowel disease
patients maintained on low-dose azathioprine. Aliment
Pharmacol Ther 2002;16:389-398.

Colombel JF, Ferrari N, Debuysere H, Marteau P, Gendre JP,
Bonaz B, et al. Genotypic analysis of thiopurine S-
methyltransferase in patients with Crohn’s disease and severe
myelosuppression during azathioprine therapy. Gastroenterology
2000;118:1025-1030.

Evans WE, Homer M, Chu YQ, Kalwinsky D, Roberts WM.
Altered mercaptopurine metabolism, toxic effects and dosage
requirement in a thiopurine methyltransferase-deficient child
with acute lymphoblastic leukemia. J Pediatr 1991;119:985-989.
Lennard L, Lewis 1J, Michelngnoli M, Lilleyman JS. Thiopurine
methyltransferase deficiency in childhood lymphoblastic
leukaemia: 6-mercaptopurine dosage strategies. 1997;29:252-255.
Dubinsky M. Maximizing thiopurine therapy in inflammatory
bowel disease: the role of TPMT analysis and metabolite
monitoring as predictors of safety and efficacy. Clin Perspect
Gastroenterol 2002;Nov/Dec:343-346.

Dubinsky MC, Yang HY, Hassard PV, Seidman EG, Kam LY,
Abreu MT, et al.
biochemical explanation for 6-mp resistance in patients with
inflammatory bowel disease. Gastroenterology 2002;122:904-

6-MP metabolite profiles provide a

17



100.

101.

102.

103.

104.

105.

106.

107.

18

: M1 1%, 2003

915.

Szumlanski C, Honchel R, Scott MC. Human liver thiopurine
methyltransferase pharmacogenetics: biochemical properties,
liver-erythrocyte correlation and presence of isozymes.
Pharmacogenetics 1992;2:148-159.

Lennard L. Clinical implications of thiopurine methyltran-
sferase: optimization of drug interactions. Ther Drug Monit
1998;20:527-531.

Innocenti F, Danesi R, Favre C, Nardi M, Menconi MC, Di
Paolo A, et al. Variable correlation between 6-mercaptopurine
metabolites in erythrocytes and hematological toxicity:
implications for drug monitoring in children woth acute
lymphoblastic leukemia. Ther Drug Monit 2000;22:375-382.
Achkar JP, Stevens T, Brzezinski A, Seidner. D, Lashner.B.
6-Thioguanine levels versus white blood counts in guiding 6-
mercaptopurine and azathioprine therapy. Am J Gastroenterol
2000;95:2491.

Cuffari C, Hunt S, Bayless TM. Enhanced bioavailability
of azathioprine compared to 6-mercaptopurine therapy in
inflammatory bowel disease: correlation with treatment
efficacy. Aliment Pharmacol Ther 2000;14:1009-1014.

Cuffari C, Hunt S, Bayless T. Utilization of erythrocyte 6-
thioguanine metabolite levels to optimize azathioprine therapy
in patients with inflammatory bowel disease. Gut 2001;48:
642-646.

Gupta P, Gokhale R, Kirsher B. 6-Mercaptopurine (6MP)
metabolite levels in children with IBD: lack of correlation
of 6-thioguanine (6TG) levels with clinical response.
Gastroenterology 2001;118:A4202.

Belaiche J, Desager JP, Horsmans Y, Louis E. Therapeutic
drug monitoring of azathioprine and 6-mercaptopurine
metabolite in Crohn disease. Scand J Gastroenterol 2001;36:

108.

109.

110.

111.

112.

113.

114.

115.

71-76.

Lowry PW, Franklin CL, Weaver AL, Pike MG, Mays DC,
Tremaine WIJ, Lipsky JJ, Sandborn WIJ. Cross-sectional study
of IBD patients taking azathioprine (AZA) or 6-mercaptopurine
(6-MP): lack of correlation between disease activity and
6-thioguanine nucleotide (6-TGN) levels with clinical response.
Gastroenterology 2000;18:A788.

Kader HA, Wenner WI Jr, Telega GW, Maller ES, Baldassano
RN. Normal thiopurine methyltransferase levels do not
eliminate 6-mercaptopurine or azathioprine toxicity in
children with inflammatory bowel disease. J Clin Gastroenterol
2000;30:409-413.

Sandborn WIJ. Rational dosing of azathioprine and 6-
mercaptopurine. Gut 2001;48:591-592.

Modigliani R. Immunosuppressors for inflammatory bowel
disease: how long is long enough? Inflamm Bowel Dis 2000;
6:251-257.

Kim PS, Zlatanic J, Korelitz BI, Gleim GW. Optimun duration
of treatment with 6-mercaptopurine for Crohn’s disease. Am J
Gatroenterol 1999;94:3254-3257.

Bouhnik Y, Lemann M, Mary J-Y, Scemama G, Tai R,
Matuchansky C, et al. Long-term follow-up of patients with
Crohn’s disease treated with azathioprine or 6-mercaptopurine.
Lancet 1996;347:215-219.

Stack WA, Williams D, Stevenson M, Logan RF.
Immunosuppressive therapy for ulcerative colitis: results
of a nation-wide survey among consultant physician members
of the British Society of Gastroenterology. Aliment Pharmacol
Ther 1999;13:569-575.

Cunliffe RN, Scott BB. Monitoring for drug side-effects in
inflammatory bowel disease. Aliment Pharmacol Ther 2002;16:
647-662.




