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Abstract
AIM: To evaluate the relationship between thiopu-
rine S-methyltransferase (TPMT) polymorphisms and 
thiopurine-induced adverse drug reactions (ADRs) in 
inflammatory bowel disease (IBD).

METHODS: Eligible articles that compared the fre-
quency of TPMT polymorphisms among thiopurine-
tolerant and -intolerant adult IBD patients were in-
cluded. Statistical analysis was performed with Review 
Manager 5.0. Sub-analysis/sensitivity analysis was also 
performed.

RESULTS: Nine studies that investigated a total of 
1309 participants met our inclusion criteria. The inci-
dence of TPMT gene mutation was increased 2.93-fold 
(95% CI: 1.68-5.09, P  = 0.0001) and 5.93-fold (95% 
CI: 2.96-11.88, P  < 0.00001), respectively, in IBD 
patients with thiopurine-induced overall ADRs and 
bone marrow toxicity (BMT), compared with controls. 
The OR for TPMT gene mutation in IBD patients with 

thiopurine-induced hepatotoxicity and pancreatitis was 
1.51 (95% CI: 0.54-4.19, P  = 0.43) and 1.02 (95% CI: 
0.26-3.99, P  = 0.98) vs  controls, respectively.

CONCLUSION: This meta-analysis suggests that the 
TPMT polymorphisms are associated with thiopurine-
induced overall ADRs and BMT, but not with hepato-
toxicity and pancreatitis.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic, relaps-
ing and remitting disease of  the gastrointestinal tract. 
The major types of  IBD are Crohn’s disease (CD) and 
ulcerative colitis (UC). The thiopurine drugs azathioprine 
(AZA) and 6-mercaptopurine (6-MP) are widely used to 
treat patients with active, steroid-refractory, and steroid-
dependent IBD, and have been proven to be effective for 
inducing and maintaining remission of  CD[1,2]. Unfortu-
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nately, the dose of  thiopurine often has to be reduced or 
the therapy has to be discontinued in 9%-28% of  patients 
because of  adverse drug reactions (ADRs)[3]. Gastroin-
testinal disturbances, bone marrow toxicity (BMT), hepa-
totoxicity and pancreatitis are among the most frequent 
reasons to prevent their use in some patients.

Blood tests have been performed regularly to moni-
tor the blood count and liver function to detect BMT and 
hepatotoxicity at an early enough stage to discontinue 
therapy and avoid life-threatening toxicity. However, the 
ADRs might develop suddenly and unpredictably during 
the interval between two tests. Thus, screening the pa-
tients before thiopurine treatment for genetic susceptibili-
ties to predict the risk of  toxicity has aroused considerable 
interest in several clinical centers.

Thiopurine S-methyltransferase (TPMT) is a very 
important enzyme for the metabolism of  thiopurine com-
pounds. Lack of  its activity has been associated with the 
incidence of  BMT induced by thiopurine therapy. Genetic 
polymorphisms that account for reduced (heterozygote) 
or absent (homozygote) TPMT activity have been con-
firmed. About 10% of  the patients have intermediate 
activity due to heterozygosity of  the TPMT, and 1 in 300 
patients inherit TPMT deficiency as an homozygote[4]. 
TPMT*1 is the wild type, TPMT*3A is the most preva-
lent mutant allele (85%) in Caucasians[4] and TPMT*3C is 
the most common reported mutant alleles in African and 
South-East Asian populations[5]. Although several stud-
ies have shown that low TPMT activity is associated with 
BMT, the efficacy of  the strategy of  screening the TPMT 
gene mutation in all patients prior to initiating treatment 
with thiopurine drugs has not yet been definitively con-
firmed. 

The aim of  this meta-analysis was to evaluate wheth-
er there is a relationship between TPMT polymorphisms 
and incidence of  ADRs in IBD patients. 

MATERIALS AND METHODS
Search strategy
The databases PubMed (1966 to July 2009), Embase (1980 
to July 2009), Cochrane Controlled Trials Register (Issue 
1, 2009), Science Citation Index (1945 to July 2009) and 
Chinese Biomedical Database (1981 to July 2009) were 
used for systematic literature searches. We employed both 
MeSH and free-language terms for “TPMT”, “thiopurine 
S-methyltransferase” AND “inflammatory bowel disease”, 
“ulcerative colitis”, OR “Crohn’s disease” combined with 
each of  the following: “thiopurine”, “azathioprine”, “imu-
ran”, “6-mercaptopurine” as search terms. A compre-
hensive search of  reference lists of  all review articles and 
original studies retrieved by this method was performed to 
identify additional studies. Furthermore, we also searched 
abstracts of  major gastroenterological meetings, such as 
the Digestive Disease Week of  the American Gastroen-
terological Association, the World Congress of  Gastroen-
terology and British Society of  Gastroenterology. Authors 
of  some identified trials were asked whether they knew of  
additional studies, including unpublished ones. 

Inclusion and exclusion criteria
The selection criteria were as follows: cross-sectional co-
hort, prospective cohort and case-control studies were 
included in the meta-analysis. Studies in abstract form or 
meeting reports, without publication of  the full paper, 
were also included in the meta-analysis. Only IBD patients 
aged over 18 years were included.

Studies were included that compared TPMT polymor-
phism frequencies among thiopurine-tolerant and -intoler-
ant adult IBD patients. Two of  the most prevalent mutant 
types of  the TPMT gene were studied, namely, TPMT*3A 
and TPMT*3C polymorphisms. Studies were included if  
they provided information on at least one outcome param-
eter as follows: proper OR of  overall ADRs, BMT, hepa-
totoxicity or pancreatitis.

Furthermore, articles published in English and Chinese 
were included. Studies in other languages were excluded un-
less a translation was available.

Data extraction
Standardized data abstraction sheets were prepared. Data 
were extracted for author and year, location of  trials, trial 
design, diseases, number of  enrolled subjects, and dose of  
thiopurine, meanwhile, key outcome data, such as TPMT 
polymorphisms and thiopurine induced overall ADRs, 
BMT, hepatotoxicity and pancreatitis were abstracted 
from the selected studies. All papers were examined inde-
pendently for eligibility by two reviewers (Dong XW and 
Zheng Q). Disagreements were resolved by consulting a 
third reviewer (Ran ZH). When the results of  a particular 
study were reported in more than one publication, only 
the most recent and complete data were included in the 
meta-analysis. Finally, the manuscripts were studied for 
their comparability by Zhu MM and Tong JL.

Statistical analysis
Data were entered into the Cochrane Collaboration 
RevMan 5.0 (Copenhagen, 2008). OR with 95% CI 
was calculated for the TPMT*3A and TPMT*3C poly-
morphisms vs overall ADRs, BMT, hepatotoxicity and 
pancreatitis. Because of  too small a number of  patients, 
heterozygous and homozygous patients were combined 
as “polymorphism-positive”. An OR of  < 1 favored the 
control group, P < 0.05 and 95% CI that did not include 
the value 1 were considered to be statistically significant. 
The included studies displayed heterogeneity regarding 
study design, definition of  ADRs, and follow-up periods. 
Therefore, it would be inappropriate to combine the data 
for further analysis with the fixed-effects model, whereas 
the random effects model was used for calculations. Final-
ly, we used funnel plot asymmetry to detect any publica-
tion bias in the meta-analysis, and Egger’s regression test 
to measure funnel plot asymmetry.

RESULTS
Description of the studies
We reviewed 181 citations and abstracts obtained from 
our computerized literature searches. Fifty-nine papers 
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were excluded on the basis of  publication type and anoth-
er 105 were excluded after examining the title and abstract. 
Among these 17 potentially appropriate studies, we found 
that all of  them had studied the association between TPMT 
polymorphisms and thiopurine-induced ADRs. Abstracts 
and full texts of  the remaining 17 papers were retrieved 
for further assessment. Of  these potential eligible articles, 
we excluded another eight[6-13], which are listed in Table 1.  
Two studies were not able to extract the data from the 
published results, and we also failed to contact the authors 
of  this manuscript, therefore, these two studies were ex-
cluded. Three studies were excluded for not mentioning 
the prescription dose of  thiopurine. One study was ex-
cluded as it did not set a control group, such that a proper 
OR could not be calculated. One study was excluded since 
it included non-IBD patients. In one study, not all of  the 
patients had determination of  TPMT genotype. Finally, 
nine studies[3,5,14-20] met the inclusion criteria; all of  which 
were published in the last 7 years. Three were prospec-
tive cohort studies, with the remaining six being cross-
sectional. The flowchart of  reviews showed the detailed 
process of  selection (Figure 1). The characteristics of  the 
nine trials included in the meta-analysis are summarized in 
Table 2. The outcomes of  the meta-analysis are shown in 
Figure 2.

OVERAll ADRs 
Six[3,5,14,17,18,20] of  the nine studies reported on the incidence 
of  overall ADRs in 273 IBD patients exposed to thio-
purine drugs vs 708 IBD patients without ADRs. ADRs 
included BMT, hepatotoxicity, pancreatitis, gastrointestinal 
disturbances and adverse reactions during treatment that 
required reduction of  thiopurine dose or discontinuation 
of  therapy. Three[3,5,20] of  the studies demonstrated that 

the AZA/6-MP-induced ADRs were independent of  the 
TPMT polymorphisms; the remaining three showed that 
TPMT polymorphisms strongly predicted ADRs. The 
TPMT polymorphisms were significantly associated with 
ADRs in the overall calculated OR (OR: 2.93, 95% CI: 
1.68-5.09, P = 0.0001). When excluding hepatotoxicity and 
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Table 1  Characteristics of excluded studies

Author Location Study design Participants TPMT genotypes was 
determined

Dose of thiopurine Reason for exclusion

Cao et al[6], 2009 China Cross-sectional 43 treated IBD patients TPMT*2, TPMT*3A AZA 1.35 mg/kg per day Incomplete data
TPMT*3B, TPMT*3C 

Takatsu et al[7], 
2009

Japan Cross-sectional 147 treated IBD patients TPMT*2, TPMT*3B AZA 25 mg/d Incomplete data
TPMT*3C, TPMT*8 or 75 mg/d

or 100 mg/d
Uchiyama et al[8], 
2009

Japan Cross-sectional 16 treated IBD patients 
with ADRs

TPMT*2, *3A, *3B AZA < 50 mg/d Incomparable control group
TPMT*3C, *3D, *4 or 6-MP < 30 mg/d No definition of ADRs
TPMT*5, *6, *7, *8 Pediatric patients included

Ban et al[9], 2008 Japan Case-control 70 treated IBD patients TPMT*2, TPMT*3A Not mentioned Dose of thiopurine not 
mentioned41 healthy controls TPMT*3B, TPMT*3C

Gearry et al[10], 
2003

New 
Zealand

Case-control 56 treated IBD patients 
with ADRs 

TPMT*2, TPMT*3A Not mentioned Dose of thiopurine not 
mentioned

50 treated IBD patients 
without ADRs 

TPMT*3B, TPMT*3C 

Regueiro et al[11], 
2002

USA Cross-sectional 71 treated CD patients TPMT*3A, TPMT*3B AZA 2.35 mg/kg per day 38 patients had determination 
of TPMT by phenotypeTPMT*3C or 1.28 mg/kg per day

Evans et al[12], 
2001

USA Cross-sectional 23 treated patients with 
ADRs

TPMT*2, TPMT*3A AZA 32 mg/m2 per week Non-IBD patients
TPMT*3B, TPMT*3C or 175 mg/m2 per week

or 280 mg/m2 per week
Naughton et al[13], 
1999

UK Cross-sectional 15 treated IBD patients TPMT*2, TPMT*3A Not mentioned Dose of thiopurine not 
mentionedTPMT*3B, TPMT*3C 

Dose of thiopurine: mean or median dose of thiopurine. TPMT: Thiopurine S-methyltransferase; IBD: Inflammatory bowel disease; AZA: Azathioprine; 
ADRs: Adverse drug reactions; 6-MP: 6-mercaptopurine; CD: Crohn’s disease.

Reviews Case reports Comments and letters

122 papers from initial screening

105 papers excluded

59 unrelated 
papers

3 pediatric 
cohort

7 allele frequency 
studies

36 genetic/enzymatic 
studies

17 papers retrieved for more detailed assessment

8 potentially relevant papers excluded

Incomplete data Didn’t mention the dose of thiopurines Others

-2 -3 -3

9 satisfied inclusion criteria

-37 -9 -11

181 potentially relevant literatures identified from search strategy

59 papers excluded on the basis of publication type

Non-English or Chinese

-2

Figure 1  The flowchart of study selection for the meta-analysis.
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pancreatitis from the overall ADRs group, it still indicated 
that IBD patients exposed to thiopurine drugs, with ADRs, 
were more likely to have TPMT polymorphisms than the 
controls (OR: 4.37, 95% CI: 1.69-11.29, P = 0.002).	

BMT
All of  the nine studies[3,5,14-20] reported on the incidence 
of  BMT in 1309 IBD patients treated with thiopurine. 
Twenty-three of  77 IBD patients with BMT and 87 of  
1232 IBD patients without BMT had the TPMT gene mu-
tation. Researchers from the United Kingdom[14] defined 
BMT as a white blood cells count of  < 3.5 × 109/L or a 
neutrophil count of  < 1.5 × 109/L. In the study of  Win-
ter et al[5], BMT was defined as a white blood cells count 
of  < 3.0 × 109/L. Researchers from Sweden[3] have de-
fined BMT as a white blood cells count of  < 3.0 × 109/L, 
a neutrophil count of  < 1.5 × 109/L, or a platelet count 
of  < 100 × 109/L. Hawwa et al[15] have defined BMT as 
a white blood cells count of  < 3.0 × 109/L, a neutrophil 
count of  < 1.5 × 109/L, or a platelet count of  < 150 × 
109/L. Dutch researchers[19] have defined BMT as a white 
blood cells count of  < 4.0 × 109/L or a platelet count of  
< 100 × 109/L. BMT was defined in the remaining four 
studies[16-18,20] as a white blood cells count of  < 3.0 × 109/L 
or a platelet count of  < 100 × 109/L. Of  these selected 

studies, five reported that heterozygous TPMT genotype 
strongly predicted BMT, and the remaining four failed to 
demonstrate an association between TPMT gene muta-
tion and risk of  BMT. The pooled OR demonstrated that 
TPMT polymorphisms were significantly associated with 
BMT (OR: 5.93, 95% CI: 2.96-11.88, P < 0.00001). 

Hepatotoxicity
Six studies[5,14,16-18,20] have reported on the incidence of  
hepatotoxicity in IBD patients treated with thiopurines. 
Three[14,17-18] of  these have defined hepatotoxicity as ala-
nine transaminase (ALT) levels of  at least twice the upper 
limit of  normal (ULN). A German research group[20] has 
defined hepatotoxicity as either ALT levels or aspartate 
aminotransferase (AST) levels of  at least twice the ULN. 
Stocco et al[16] have defined hepatotoxicity as ALT, AST 
or alkaline phosphatase (ALP) levels of  at least twice the 
ULN. No definition of  hepatotoxicity was provided in the 
study of  Winter et al[5], therefore, this study was excluded 
in this sub-analysis. Only three of  the 37 IBD patients 
with hepatotoxicity were TPMT heterozygotes/homozy-
gotes, while 82 of  1017 IBD patients without hepatotox-
icity were TPMT heterozygotes/homozygotes. All of  the 
remaining five have shown that there was no association 
between AZA-related hepatotoxicity and TPMT poly-
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Table 2  Characteristics of included studies

Author Location Study design Participants TPMT genotypes was 
determined

Dose of thiopurine ADRs and definitions

Ansari 
et al[14], 2008

UK Prospective cohort 215 treated 
IBD patients

TPMT*3A, TPMT*3B AZA 2 mg/kg per day All ADRs
TPMT*3C BMT: WBC < 3.5 × 109 or Ne < 1.5 × 109

H: ALT > 2 × ULN
P: AP and amylase > 4 × ULN and  
supportive radiological findings

Hawwa 
et al[15], 2008

UK Cross-sectional 36 treated 
IBD patients

TPMT*3A, TPMT*3B AZA 1.49 mg/kg per day BMT: WBC < 3.0 × 109 or Ne < 1.5 × 109 
or PLT < 150 × 109TPMT*3C 

Winter 
et al[5], 2007

UK Cross-sectional 130 treated 
IBD patients

TPMT*2, TPMT*3A AZA 1.6 mg/kg per day All ADRs
TPMT*3C BMT: WBC < 3 × 109

H: No definition
P: No definition

Stocco 
et al[16], 2007

Italy Cross-sectional 70 treated 
IBD patients

TPMT*2, TPMT*3A AZA: 2 mg/kg per day All ADRs
TPMT*3B, TPMT*3C BMT: WBC < 3 × 109 or PLT < 100 × 109

H: ALT, AST or ALP > 2 × ULN
P: AP and amylase > 2 × ULN

Palmieri 
et al[17], 2007

Italy Cross-sectional 422 treated 
IBD patients

TPMT*3A, TPMT*3B AZA 2-2.5 mg/kg per day All ADRs
TPMT*3C or 6-MP 1-1.25 mg/kg per 

day
BMT: WBC < 3 × 109 or PLT < 100 × 109

H: ALT > 2 × ULN
P: Amylase, lipase > 2 × ULN and AP

Zelinkova 
et al[18], 2006

Netherlands Cross-sectional 262 treated 
IBD patients

TPMT*2, TPMT*3A AZA 2-2.5 mg/kg per day1 BMT: WBC < 3 × 109 or PLT < 100 × 109

TPMT*3B, TPMT*3C H: ALT > 2 × ULN
Hindorf 
et al[3], 2006

Sweden Prospective cohort 60 treated 
IBD patients

TPMT*2, *3A, *3B AZA 2.5 mg/kg per day All ADRs
TPMT*3C, *3D, *4 or 6-MP 1.25 mg/kg per 

day
BMT: WBC < 3 × 109 or PLT < 100 × 109

TPMT*5, *6, *7, *8 or Ne < 1.5 × 109

TPMT*10, *14, *15 P: No definition
Derijks 
et al[19], 2004

Netherlands Prospective cohort 30 treated 
IBD patients

TPMT*2, TPMT*3A 6-MP 0.71 mg/kg per day BMT: WBC < 4 × 109 or PLT < 100 × 109

TPMT*3B, TPMT*3C
Schwab 
et al[20], 2002

Germany Cross-sectional 93 treated 
IBD patients

TPMT*2, TPMT*3A AZA 1.5 mg/kg per day All ADRs
TPMT*3B, *3C, *3D or 1.9 mg/kg per day BMT: WBC < 3 × 109 or PLT < 100 × 109

H: ALT or AST > 2 × ULN
P: Amylase, lipase > 2 × ULN and AP

1The initial dose. White blood cells (WBC), neutrophils (Ne), and platelets (PLT) are expressed per liter; H: Hepatotoxicity; P: Pancreatitis; AP: Abdominal 
pain; BMT: Bone marrow toxicity; ALT: Alanine transaminase; ULN: Upper limit of normal; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase.
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morphisms. The pooled OR indicated that no significant 
difference in TPMT polymorphisms was seen between 
IBD patients with thiopurine-induced hepatotoxicity and 
controls (OR: 1.51, 95% CI: 0.54-4.19, P = 0.43). 

Pancreatitis
Six studies[3,5,14,17,18,20] have reported on the incidence of  
pancreatitis in IBD patients treated with thiopurine and 
detected TPMT polymorphisms. In the study of  Ansari  
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Study or subgroup All adverse drug reactions No adverse drug reactions
Weight (%)

Odds ratio Odds ratio
Events Total Events Total M-H, random (95% CI) M-H, random (95% CI)

Ansari et al [14], 2008 15 83 4 124 21.0 6.62 (2.11-20.74)
Hindorf et al [3], 2006 5 44 1 15   6.0 1.79 (0.19-16.73)
Palmieri et al [17], 2007 9 73 20 349 36.2 2.31 (1.01-5.31)
Schwab et al [20], 2002 3 14 5 79 11.8 4.04 (0.84-19.31)
Stocco et al [16], 2007 3 15 2 55   8.2 6.63 (1.00-44.11)
Winter et al [5], 2007 4 44 7 86 16.9 1.13 (0.31-4.08)

Total (95% CI) 273 708     100.0 2.93 (1.68-5.09)
Total events 39 39
Heterogeneity: Tau2 = 0.04; χ2 = 5.44, df  = 5 (P  = 0.36); I 2 = 8%
Test for overall effect: Z  = 3.80 (P  = 0.0001) 0.01         0.1            1            10          100

Favours neg assoc    Favours pos assoc

Study or subgroup Bone marrow toxicity No bone marrow toxicity
Weight (%)

Odds ratio Odds ratio
Events Total Events Total M-H, random (95% CI) M-H, random (95% CI)

Ansari et al [14], 2008 5 7 14 200 12.3  33.21 (5.90-186.87)
Derijks et al [19], 2004 3 4 2 26   5.9  36.00 (2.46-527.06)
Hawwa et al [15], 2008 0 3 4 33   4.5 0.94 (0.04-21.31)
Hindorf et al [3], 2006 2 10 4 49 11.0 2.81 (0.44-18.00)
Palmieri et al [17], 2007 6 23 23 399 24.4 5.77 (2.08-16.02)
Schwab et al [20], 2002 2 5 6 88 10.0 9.11 (1.27-65.46)
Stocco et al [16], 2007 0 3 4 67   4.5 2.02 (0.09-45.36)
Winter et al [5], 2007 1 10 10 120   8.6 1.22 (0.14-10.65)
Zelinkova et al [18], 2006 4 12 20 250 18.7 5.75 (1.59-20.77)

Total (95% CI) 77 1232     100.0 5.93 (2.96-11.88)
Total events 23 87
Heterogeneity: Tau2 = 0.25; χ2 = 10.32, df  = 8 (P  = 0.24); I 2 = 22%
Test for overall effect: Z  = 5.02 (P  < 0.00001) 0.01         0.1             1             10          100

Favours neg assoc    Favours pos assoc

A

B

Study or subgroup Hepatotoxicity No hepatotoxicity
Weight (%)

Odds ratio Odds ratio
Events Total Events Total M-H, random (95% CI) M-H, random (95% CI)

Ansari et al [14], 2008 0 8 19 199 12.5 0.54 (0.03-9.80)
Palmieri et al [17], 2007 1 12 28 410 24.1 1.24 (0.15-9.96)
Schwab et al [20], 2002 0 3 8 90 11.3 1.39 (0.07-29.16)
Stocco et al [16], 2007 0 3 5 67 11.0 1.62 (0.07-35.63)
Zelinkova et al [18], 2006 2 11 22 251 41.2 2.31 (0.47-11.38)

Total (95% CI) 37 1017 100.0 1.51 (0.54-4.19)
Total events 3 82
Heterogeneity: Tau2 = 0.00; χ2 = 0.82, df  = 4 (P  = 0.94); I 2 = 0%
Test for overall effect: Z  = 0.79 (P  = 0.43) 0.01           0.1               1               10           100

Favours neg assoc      Favours pos assoc

C

Study or subgroup Pancreatitis No pancreatitis
Weight (%)

Odds ratio Odds ratio
Events Total Events Total M-H, random (95% CI) M-H, random (95% CI)

Ansari et al [14], 2008 0 8 19 199 22.5 0.54 (0.03-9.80)
Palmieri et al [17], 2007 0 16 29 406 23.3 0.39 (0.02-6.63)
Schwab et al [20], 2002 0 3 8 90 20.2 1.39 (0.07-29.16)
Stocco et al [16], 2007 1 7 4 63 34.1 2.46 (0.24-25.69)

Total (95% CI) 34 758 100.0 1.02 (0.26-3.99)
Total events 1 60
Heterogeneity: Tau2 = 0.00; χ2 = 1.29, df  = 3 (P  = 0.73); I 2 = 0%
Test for overall effect: Z  = 0.02 (P  = 0.98) 0.01            0.1               1                10            100

Favours neg assoc      Favours pos assoc

D

Figure 2  Association between thiopurine S-methyltransferase (TPMT) polymorphisms and all adverse drug reactions (ADRs) (A), bone marrow toxicity 
(B), hepatotoxicity (C) and pancreatitis (D). Total: Total number of patients within the ADRs or no ADRs group; Events: Number of patients with one or more TPMT 
alleles within the ADRs or no ADRs group. neg assoc: Favoured the no ADRs group; pos assoc: Favoured the ADRs group.
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et al[14], pancreatitis was defined as serum amylase of  more 
than four times the ULN, associated with severe abdomi-
nal pain, and supportive radiological findings. Winter  
et al[5] and Hindorf  et al[3] have not defined the criteria 
of  pancreatitis, thus, we also excluded these two studies 
from the sub-analysis. The remaining studies[17,18,20] have 
defined pancreatitis as either serum amylase or serum 
lipase of  more than two times the ULN, associated with 
severe abdominal pain. Only one of  34 IBD patients 
with pancreatitis and 60 of  758 without pancreatitis had 
the TPMT gene mutation. All of  the four studies have 
demonstrated that there was no association between pan-
creatitis and TPMT polymorphisms. Pooled data have 
demonstrated that there was no significant difference in 
TPMT polymorphisms between IBD patients with thio-
purine-induced pancreatitis and controls (OR: 1.02, 95% 
CI: 0.26-3.99, P = 0.98). 

Subgroup analysis
We performed subgroup analysis in which we excluded 
the studies with different definitions of  BMT to de-
termine the effect on the test of  heterogeneity and the 
overall pooled estimates. Because the results were nearly 
identical, only results based on the four studies[16-18,20] that 
have defined BMT as a white blood cells count of  < 3.0 
× 109/L or a platelet count of  < 100 × 109/L were re-
ported. The pooled OR of  the four studies[16-18,20] was 5.05 
(95% CI: 2.58-9.88, P < 0.01). This result still showed a 
significant difference in TPMT polymorphisms between 
IBD patients with and without BMT. Similarly, we also 
performed subgroup analysis in which we individually ex-
cluded the studies with different definitions of  hepatotox-
icity and pancreatitis, to determine the effect on the test 
of  heterogeneity and the overall pooled estimates. Because 
the results were nearly identical, they were not reported. 

Sensitivity analysis
Studies that prescribed AZA ≤ 2 mg/kg per day or 6-MP 
≤ 1 mg/kg per day. 

When the studies[5,14,16,19,20] that prescribed AZA > 
2 mg/kg per day or 6-MP > 1 mg/kg per day were ex-
cluded, results remained consistent with original results. A 
significant difference in the incidence of  TPMT polymor-
phisms was observed in the overall ADRs group (OR: 7.82, 
95% CI: 2.18-28.12, P < 0.01) and BMT group (OR: 6.73, 
95% CI: 3.52-12.85, P < 0.01) compared with the con-
trols. However, no significant difference was found in the 
hepatotoxicity group (OR: 1.04, 95% CI: 0.18-5.90, P = 
0.96) and pancreatitis group (OR: 1.36, 95% CI: 0.28-6.49, 
P = 0.70) compared with the controls.

Including the excluded studies
When the excluded studies[9,10,13] that provided informa-
tion on at least one outcome parameter such as proper 
OR of  overall ADRs, BMT, hepatotoxicity or pancreatitis 
were taken into account, there was still a significant dif-
ference in TPMT polymorphisms between IBD patients 
with or without ADRs. It also showed an increase in the 
risk of  the incidence of  TPMT polymorphisms in the 

overall ADRs group (OR: 2.76, 95% CI: 1.69-4.50, P < 
0.0001) and BMT group (OR: 6.73, 95% CI: 3.52-12.58, 
P < 0.00001) compared with the controls. No significant 
difference in the incidence of  TPMT polymorphisms 
was found in the hepatotoxicity group (OR: 1.27, 95% 
CI: 0.53-3.07, P = 0.59) and pancreatitis group (OR: 1.32, 
95% CI: 0.46-3.76, P = 0.60) compared with the controls.

Studies reporting on ≥ 100 patients
Analysis of  the studies[5,14,17,18] that reported on ≥ 100 
IBD patients treated with thiopurine, and detected TPMT 
polymorphisms showed that the results were consistent 
with the overall results and the analysis of  the original 
studies. A significant difference in the incidence of  TPMT 
polymorphisms was observed in the overall ADRs group 
(OR: 2.64, 95% CI: 1.06-6.53, P = 0.04) and BMT group 
(OR: 6.53, 95% CI: 2.35-18.19, P = 0.0003) compared 
with the controls. No significant difference in the inci-
dence of  TPMT polymorphisms was found in the hepa-
totoxicity group (OR: 1.51, 95% CI: 0.47-4.82, P = 0.49) 
and pancreatitis group (OR: 0.46, 95% CI: 0.06-3.47, P = 
0.45) compared with the controls.

Publication bias 
Figure 3 shows a funnel plot of  the studies used in this 
meta-analysis that have reported on the incidence of  
TPMT polymorphisms in BMT. We found that the fun-
nel plot was slightly asymmetrical in distribution, but 
Egger’s regression test suggested no significant asym-
metry of  the funnel plot (P = 0.623), which indicated no 
evidence of  substantial publication bias. 

DISCUSSION
This review evaluated 17 published studies that have stud-
ied the association between TMPT gene polymorphisms 
and the development of  ADRs in thiopurine-treated IBD 
patients. Nine studies among adult IBD patients were 
included, while the random effects model was used for 
the meta-analysis. The results of  the present meta-analysis 
suggested that IBD patients with TPMT polymorphisms 
are more likely to experience ADRs, in particular BMT, 
but not hepatotoxicity and pancreatitis. Notably, the result 
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Figure 3  Funnel plot of included studies for this meta-analysis.
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remained significant after the sensitivity analysis.
The association of  TPMT polymorphisms with thiopu-

rine toxicity suggested by previous studies[14] is confirmed 
in this meta-analysis. The study of  Ansari et al[14] was the 
largest prospective study to use full-dose AZA (2 mg/kg) 
without dose adjustment in IBD patients. They have found 
that heterozygous TPMT genotype strongly predicted 
ADRs (79% heterozygous vs 35% wild-type TPMT, P < 
0.001), especially for gastric intolerance and BMT. Another 
study[21] has shown that heterozygous TPMT genotypes 
were significantly associated with IBD patients experienc-
ing nausea and vomiting. Although several studies[3,5,20] 
have demonstrated that there was no association between 
thiopurine-related ADRs and TPMT polymorphisms, the 
retrospective nature of  most of  these studies may not have 
provided a true measure of  ADRs. The OR for mutations 
of  the TPMT gene in thiopurine-treated IBD patients suf-
fering from overall ADRs was 2.93. 

A higher frequency of  TPMT mutation was seen in 
thiopurine-treated IBD patients with BMT than in those 
without BMT. This was corroborated in the sensitivity 
analysis. TPMT polymorphisms results in greater conver-
sion of  6-MP to 6-thioguanine nucleotides (6-TGNs) 
and methylthioinosine monophosphate (meTIMP) via the 
hypoxanthine guanine phosphoribosyltransferase pathway. 
6-TGNs and meTIMP are thought to be associated with 
BMT[3,22]. The study by Hindorf  et al[3] has suggested that 
BMT might be dose-related; 67% of  the 27 patients with 
ADRs tolerated long-term treatment with a lower dose 
(median 1.32 mg/kg per day AZA), and low-dose AZA/
6-MP was as effective as the standard dose for remission 
induction and maintenance of  remission in patients with 
UC and CD[23], but this was not confirmed in the sensitivi-
ty analysis of  studies that prescribed AZA ≤ 2 mg/kg per 
day or 6-MP ≤ 1 mg/kg per day. That could be explained 
by the small sample sizes. Hawwa et al[15] have found that 
patients with a heterozygous TPMT genotype usually ex-
perienced early and severe myelosuppression when they 
were treated with AZA/6-MP at standard dosage, but all 
of  the included studies showed that BMT occurred after 
an average exposure time of  1 mo, except the studies by 
Hawwa et al[15] and Derijks et al[19].

Previous studies[24] have found an association between 
heterozygotes for the TPMT*3A allele and hepatotoxicity 
in acute lymphocytic leukemia patients who received a stan-
dard dose of  6-MP/6-TG. However, it was not shown in 
this meta-analysis. The results of  the present study showed 
no increase in the incidence of  TPMT polymorphisms 
in thiopurine-treated IBD patients with hepatotoxicity 
compared with those without hepatotoxicity. This was con-
firmed in the sensitivity analysis. TPMT polymorphisms are 
seldom found in patients exhibiting thiopurine-related hep-
atotoxicity, and thiopurine-induced hepatotoxicity cannot 
be generally attributed to it[20]. It has been suggested that el-
evated concentrations of  6-methylmercaptopurine (6-MMP) 
are associated with thiopurine-induced hepatotoxicity, and 
elevated concentrations of  6-MMP could be due to high 
TPMT activity but not TPMT polymorphisms[25]. 

No significant difference was found in the incidence 

of  TPMT polymorphisms between the thiopurine-treated 
IBD patients with and without pancreatitis. The results of  
the sensitivity analysis also showed no significant differ-
ence. Thiopurine-induced pancreatitis is dose-independent 
and seems to be independent of  TPMT polymorphisms. 
AZA is a drug that can induce pancreatitis, especially 
when it is used in the treatment of  CD, which might be 
due to an immune-mediated idiosyncratic drug reaction 
because of  a genetic predisposition[26].

Recently, Higgs et al[27] have published a meta-analysis 
of  myelosuppression in patients with intermediate TPMT 
activity compared with wild-type. They have found that 
individuals with intermediate TPMT activity or one 
TPMT variant allele had an increased risk of  developing 
thiopurine-induced BMT, compared with individuals with 
normal activity. The search was not limited to a specific 
disease or condition. They included a total of  67 studies, 
but most of  them were retrospective cohorts. The geno-
type and/or phenotype tests were described in 57 studies. 
As we know, the overall concordance rate between the 
genetic and phenotypic tests for TPMT was 71.6%[28]. In 
addition, the cutoff  points of  TPMT activity have varied 
in different groups. The phenotype test might also be in-
fluenced by blood transfusion during the previous 3 mo. 
The most important thing is that prospective studies that 
have evaluated the cost-effectiveness of  the phenotype 
test used in IBD treatment have been rather scarce. 

This meta-analysis has several weaknesses, most of  
which relate to heterogeneous definitions of  BMT, hepa-
totoxicity and pancreatitis. Therefore, we had to base our 
analysis on studies that were vulnerable to bias. Second, 
all of  the included studies were performed in populations 
of  European descent. Further studies are needed in other 
countries because of  ethnic differences in TPMT polymor-
phisms. Third, the low number of  ADRs made statistical 
precision difficult. Finally, it should be noted that not all of  
the ADRs could be explained only by TPMT genotyping, 
but also by other reasons, such as concurrent viral infec-
tions[29] or co-medication (e.g. mesalamine or sulfasala-
zine)[30], which can interfere with thiopurine metabolism. 

In conclusion, this meta-analysis provides strong evi-
dence that TPMT polymorphisms are associated with over-
all ADRs and BMT in patients taking 6-MP or AZA, and 
thus may be useful in the management of  these patients. 
The present study also clearly demonstrates that thiopurine-
related hepatotoxicity and pancreatitis cannot be explained 
by TPMT polymorphisms. Although there is no consensus 
that TPMT genotype should be measured before embark-
ing on therapy with thiopurine in IBD patients[31], based on 
our meta-analysis, we believe that TPMT genotyping is war-
ranted before embarking on therapy with thiopurine in IBD 
patients. This is also suggested by the US Food and Drug 
Administration recommendations[32] and by one socioeco-
nomic study of  IBD patients[33].
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inflammatory bowel disease (IBD). However, they have severe adverse drug 
reactions (ADRs) such as gastrointestinal disturbances, bone marrow toxicity 
(BMT), hepatotoxicity and pancreatitis that prevent their use in some patients. The 
impact of genetic variation of the thiopurine S-methyltransferase (TPMT) gene on 
its toxicity has been evaluated in several studies, with varying outcomes.
Research frontiers
Recent pharmacogenetic advances have led to the development of novel 
strategies to optimize and individualize therapy with azathioprine (AZA) and 
6-mercaptopurine (6-MP). The strategy of screening the TPMT gene mutation 
might maximize efficacy while minimizing toxicity.
Innovations and breakthroughs
The results of the previous studies on TPMT polymorphisms and thiopurine 
toxicity have been inconsistent. Recently, one meta-analysis has found that 
individuals with both intermediate and absent TPMT activity had an increased 
risk of developing thiopurine-induced BMT. However, there is still no prospective 
study that has evaluated the cost-effectiveness and utility of the TPMT 
phenotyping test before taking thiopurine medication, while TPMT genotyping is 
recommended by one socioeconomic study in IBD patients. This meta-analysis 
has shown that IBD patients with TPMT polymorphisms are at risk of increased 
thiopurine toxicity when taking thiopurine medications.
Applications
The meta-analysis provides strong evidence that the TPMT polymorphisms are 
associated with overall ADRs and BMT in patients taking 6-MP or AZA. Based 
on the meta-analysis, it is believed that TPMT genotyping is warranted before 
embarking upon therapy with thiopurine in IBD patients.
Terminology
TPMT is a cytosolic enzyme that methylates thiopurine compounds. This 
gene encodes the enzyme that metabolizes thiopurine drugs via S-adenosyl-
L-methionine as the S-methyl donor and S-adenosyl-L-homocysteine as 
a byproduct. Genetic polymorphisms that affect this enzymatic activity are 
correlated with variations in sensitivity and toxicity to such drugs within individuals. 
Peer review
The authors describe a meta-analysis of associations between TPMT genetic 
polymorphisms and ADRs, including BMT, hepatotoxicity, and pancreatitis. The 
authors’ attempt at meta-analysis is interesting, considering current contradictory 
data about the efficacy of TPMT genotyping in predicting AZA/6-MP toxicity. 
Moreover, their claims are reasonable.
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