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of the Western hemisphere, has emerged as a global disease.1 
Corticosteroids, 5-aminosalicylates (5-ASA) and immunosup-
pressive agents, such as thiopurines have been the standard of 
care for patients with IBD for decades. With greater under-
standing of the pathological mechanisms involved in IBD, 
newer therapeutic agents have been developed; the most im-
portant being biologics and small molecules. Though these 
agents have improved the quality of life and reduced the need 
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In�ammatory bowel disease (IBD), once considered a disease of the Western hemisphere, has emerged as a global disease. As 
the disease prevalence is on a steady rise, management of IBD has come under the spotlight. 5-Aminosalicylates, corticoste-
roids, immunosuppressive agents and biologics are the backbone of treatment of IBD. With the advent of biologics and small 
molecules, the need for surgery and hospitalization has decreased. However, economic viability and acceptability is an im-
portant determinant of local prescription patterns. Nearly one-third of the patients in West receive biologics as the �rst/initial 
therapy. �e scenario is di�erent in developing countries where biologics are used only in a small proportion of patients with 
IBD. Increased risk of reactivation of tuberculosis and high cost of the therapy are limitations to their use. �iopurines hence 
become critical for optimal management of patients with IBD in these regions. However, approximately one-third of patients 
are intolerant or develop adverse e�ects with their use. �is has led to suboptimal use of thiopurines in clinical practice. �is 
review article discusses the clinical aspects of thiopurine use in patients with IBD with the aim of optimizing their use to full 
therapeutic potential. (Intest Res 2022;20:11-30)
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REVIEW

INTRODUCTION

In�ammatory bowel disease (IBD), once considered a disease 
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for hospitalization and surgery, they are far from providing a 
cure and do not guarantee total disease clearance. In addition, 
an increased risk of reactivation of tuberculosis/other infec-
tions and high cost of therapy with biologics are major barri-
ers to their widespread use in developing countries. �iopu-
rines are probably the most cost-effective alternative for im-
mune-suppression in resource limited settings, but the full po-
tential of these drugs has not been tapped for the fear of intol-
erance and adverse e�ects.2 �is update intends to summarize 
various aspects about the use of thiopurines in patients with 
IBD, so as to optimize their use in clinical practice.

 
METABOLISM OF THIOPURINES

Thiopurines include azathioprine (AZA), 6-mercaptopurine 
(6-MP) and 6-thioguanine (6-TG). �ese drugs lack intrinsic 
immune-suppressive properties and therefore metabolic 
transformations to active metabolites are crucial for their ac-
tion. AZA is non-enzymatically converted into 6-MP. However, 
there is some evidence that glutathione-S-transferase may 
participate in this conversion.3 6-MP is then metabolized into 
6-thioinosine-monophosphate (6-TIMP) (via hypoxanthine-
guanine phosphoribosyl transferase [HGPRT]). 6-TIMP is 
converted to 6-thioguanine monophosphate (6-TGMP) by 
inosine monophosphate dehydrogenase and guanosine mo-
nophosphate synthetase. 6-TGMP via phosphorylation is con-
verted into 6-thioguanine diphosphate (6-TGDP) and 6-thio-
guanine triphosphate (6-TGTP). Together, 6-TGMP, 6-TGDP 
and 6-TGTP form the total pool of 6-thioguanine nucleotides 
(6-TGN). 6-TG metabolism is less complex as the enzyme 
HGPRT acts directly on 6-TG to generate 6-TGN. �ere is also 
some evidence to suggest that conversion of 6-TG to 6-TGN 
might be e�ected by gut microbiota.4

6-TGTP, the final product of thiopurine metabolism, is re-
duced to deoxy-thioguanosine triphosphate (TdGTP) and 
gets incorporated into double stranded DNA leading to muta-
genesis and/or cell death.4

6-MP, as parent molecule or as a metabolite of AZA, can 
also undergo methylation by the enzyme thiopurine-S-meth-
yltransferase (TPMT) forming 6-methylmercaptopurine (6-
MMP, inactive metabolite). TPMT can also methylate 6-TIMP 
to 6-methyl TIMP and lead to formation of 6-MMP ribonucle-
otides (active metabolite, 6-MMPR) which are responsible for 
hepatotoxic e�ects of thiopurines. Hence when TPMT activity 
is low, there is a risk of increased levels of 6-TGN. On the other 
hand, when TPMT enzyme activity is normal or high, elevated 

levels of methylated metabolites are present; thus, resulting in 
subtherapeutic levels of 6-TGN. 

Nucleoside diphosphate-linked moiety X-type motif 15, en-
coded by NUDT15 gene, hydrolyses TdGTP and TGTP. Poly-
morphisms in NUDT15 (p.Arg139Cys [R139C], p.Arg139His, 
p.Val18Ile, p.Val18_Val19insGlyVal, etc.) therefore result in loss 
of diphosphatase activity, accumulation of 6-TGTP and 
TdGTP, and thiopurine-induced leucopenia.

�e metabolic pathway of thiopurines and mechanisms of 
action are described in Fig.1. 

EVIDENCE FOR EFFICACY OF THIOPURINES IN 
IBD

1. Crohn�s Disease
1) Induction of Remission in CD
A Cochrane review of 13 randomized controlled trials (RCTs) 
including 1,211 patients evaluated the role of thiopurines in 
induction of clinical remission in active Crohn�s disease (CD) 
and found only a modest di�erence in clinical remission rates 
between AZA/6-MP and placebo (relative risk [RR], 1.23; 95% 
con�dence interval [CI], 0.97�1.55).5 However when AZA was 
used in conjunction with in�iximab (IFX) in the Study of Bio-
logic and Immunomodulator Naïve Patients in Crohn�s Dis-
ease (SONIC), greater rates of induction of remission were re-
ported with combination therapy as compared to monothera-
py with IFX or AZA. Combination therapy was also superior 
in achieving mucosal healing (43.9% in patients receiving 
combination therapy vs. 30.1% and 16.5% in patients receiving 
IFX [P = 0.06] and AZA [P < 0.001] monotherapy respectively).6 
�ough ine�ective as monotherapy for induction of remission 
due to slow onset of action, treatment with thiopurines should 
be initiated early, so that these achieve therapeutic e�cacy by 
the time corticosteroids/biologics are either withdrawn or 
dose reduction is done. 

2) Maintenance of Corticosteroid-Free Remission in CD
A pooled analysis of 6 studies in a Cochrane review showed 
that AZA (1.0�2.5 mg/kg/day) was superior to placebo for 
maintenance of corticosteroid-free remission over a period of 
6�18 months, with a number needed to treat of 9 (RR, 1.19; 95% 
CI, 1.05�1.34).7 In addition to being superior to budesonide for 
maintenance of clinical remission, thiopurines aid in achieve-
ment of both mucosal (83% vs. 24%; P < 0.0001) and histologic 
(P < 0.0001) healing.8 



https://doi.org/10.5217/ir.2020.00155 � Intest Res 2022;20(1):11-30

13www.irjournal.org

<doi> � <doi 1>

3) Postoperative CD
Optimal use of thiopurines can prevent postoperative recur-
rence of CD. A network meta-analysis showed reduced risk of 
short-term (1 year) clinical and endoscopic recurrence with 
thiopurines.9 In a Cochrane review of 10 RCTs with 928 pa-
tients, AZA/6-MP was more e�cient than placebo (3 studies, 
51% vs. 64%, RR, 0.79; 95% CI, 0.67�0.92; moderate certainty 
evidence), had similar efficacy to 5-ASA (low certainty evi-
dence) and was inferior to anti-tumor necrosis factor (TNF) 

agents (low certainty evidence) in prevention of surgical re-
lapse.10 Risk stratification based on patient-related (age, sex, 
family history of IBD, smoker), disease-related (disease dura-
tion, disease location and behavior, perianal disease) and sur-
gery-related (type of anastomosis, extent of resection, open vs. 
laparoscopic, prior surgery) factors is important for strategiz-
ing and personalizing postoperative management of CD to 
prevent recurrence.11 Younger patients ( < 30 years of age), 
smokers, more than 2 prior surgeries, penetrating disease, 
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Fig. 1. Thiopurine metabolism. AZA, azathioprine; 6-MP, 6-mercaptopurine; 6-TU, 6-thiouric acid; 6-TIMP, 6-thioinosine monophosphate; 
6-TXMP, 6-thioxanthinemonophosphate; 6-TGMP, 6-thioguanine monophosphate; 6-TGDP, 6-thioguanine diphosphate; 6-TGTP, 6-thio-
guanine triphosphate; TdGTP, deoxy-thioguanosine triphosphate; TdGMP, deoxy-thioguanosine monophosphate; 6-MMP, 6-methyl mer-
captopurine; 6-MMPR, 6-methyl mercaptopurine ribonucleotides; 6-TG, 6-thioguanine; TPMT, thiopurine-S-methyltransferase; NUDT15, 
nucleoside diphosphate-linked moiety X-type motif 15; XO, xanthine oxidase; HGPRT, hypoxanthine-guanine phosphoribosyl transferase; 
GMPS, guanosine monophosphate synthetase; IMPDH, inosine monophosphate dehydrogenase; GAP, GTPase-activating protein.




































