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Abstract
AIM: To determine the incidence and predictors of 
thiopurine-related adverse events. 

METHODS: Subjects with Crohn’s disease who were 
followed in the Alberta Inflammatory Bowel Disease 
Consortium patient database registry were identified. 
Retrospective chart review was conducted between 
August 5th, 2010 and June 1st, 2012. We collected 
data on: age at diagnosis; sex; disease location and 
behaviour at time of prescribing thiopurine; perianal 
fistulising disease at or prior to thiopurine prescription; 
smoking status at time of thiopurine prescription, use of 
corticosteroid within 6 mo of diagnosis; dosage, age at 
onset, and cessation of 5-aminosalicyclic acid (5-ASA); 
anti-tumour necrosis factor medication exposure and 
intestinal resection before thiopurine prescription. 
The primary outcome of interest was the first adverse 
event that led to discontinuation of the first thiopurine 
medication used. Logistic regression models were used 
to associate clinical characteristics with outcomes after 
adjusting for potential confounders. Risk estimates 
were presented as odds ratios (OR) with 95% CI. Effect 
modification by age and sex were explored.

RESULTS: Our cohort had a median follow-up duration 
of 5.8 years [interquartile range (IQR 25th-75th) 2.7-9.1]. 
Thiopurine therapy was discontinued in 31.3% of 
patients because of: hypersensitivity reactions (7.1%), 
acute pancreatitis (6.2%), gastrointestinal intolerance 
(5.4%), leucopenia (3.7%), hepatotoxicity (3.4%), 
infection (1.1%) and other reasons (4.3%). A higher 
incidence of thiopurine withdrawal was observed in 
patients over the age of 40 (39.4%, P  = 0.007). A sex-
by-age interaction (P  = 0.04) was observed. Females 
older than 40 years of age had an increased risk of 
thiopurine discontinuation due to an adverse event 
(age above 40 vs  age below 40, adjusted OR = 2.8; 
95%CI: 1.4-5.6). In contrast, age did not influence 
thiopurine withdrawal in males (age above 40 vs  
below 40, adjusted OR = 0.9; 95%CI: 0.4-2.1). Other 
clinical variables (disease location and phenotype, 
perianal disease, smoking history, history of intestinal 
resection and prior 5-ASA or corticosteroid use) were 
not associated with an increased risk an adverse event 
leading to therapy cessation. 

CONCLUSION: Thiopurine withdrawal due to adverse 
events is commoner in women over the age of 40 at 
prescription. These findings need to be replicated in 
other cohorts. 
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Core tip: In Crohn’s disease, adverse events to thiopu-
rines are a common occurrence leading to discontinuation 
of therapy in 1 in 3 patients in this referral centre cohort. 
Adverse events leading to discontinuation of the drug 
were significantly more common in female patients over 
the age of 40 years at drug prescription. These findings 
should be replicated in other centres, in other clinical 
indications for thiopurine use and correlated to thiopurine 
6-methyltransferase genotype, activity and thiopurine 
metabolities. 

Moran GW, Dubeau MF, Kaplan GG, Yang H, Eksteen B, 
Ghosh S, Panaccione R. Clinical predictors of thiopurine-related 
adverse events in Crohn’s disease. World J Gastroenterol 2015; 
21(25): 7795-7804  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7795.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7795

INTRODUCTION
Crohn’s disease (CD) is an inflammatory bowel di
sease (IBD) characterized by chronic and relapsing 
intestinal inflammation that can affect any segment 
of the gastrointestinal tract. The aetiology of CD is 
multifactorial consisting of an interplay of altered 
immune responses to environmental stimuli such 
as the gut microbiota in genetically predisposed 
individuals[13]. Most patients with CD require chronic 
immunesuppressing medications to control their 
disease, and when these drugs fail intestinal resections 
are required[4].

Thiopurine analogs consist of mercaptopurine 
(MP) and its prodrug azathioprine (AZA). Thiopurines 
have been shown to reduce corticosteroid use and 
maintain remission in patients with CD[5,6], but this 
evidence has been questioned by more recent data 
from two randomised controlled trials[7,8] in CD patients 
with early disease, precluding a widespread usage of 
thiopurines in all patients with early CD. Treatment 
paradigms have evolved in the last decade with the 
introduction of antitumour necrosis factor (TNF) 
therapy[911]. Emerging evidence suggests that the 
combination of thiopurines with antiTNF therapy may 
be associated with greater efficacy for moderate to 
severe CD when compared to monotherapy with anti
TNF agents[1214]. However, balancing efficacy against 
adverse events associated with immunosuppressive 
medications remains a persistent challenge in IBD 
management. 

Adverse events lead to discontinuation of thi
opurines in 9%25% of cases[15,16]. In a previous meta
analysis reporting on studies between 1966 to 1994, 
thiopurine withdrawal due to an adverse event was 
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described in 8.9% of the cases[17]. Reported rates 
have varied over the years but large referralcentre 
studies have shown higher discontinuation rates than 
previously reported (11%[18], 15%[19], 18.3%[20], 
39%[21], 28%[22], 31%[23], 25.9%[24], 27.4%[25]). 
Thiopurine discontinuation and adverse events in the 
era of antiTNF therapy has not been well described. 
Further, clinical variables that predict adverse events 
when prescribing thiopurines are not available. Genetic 
polymorphisms of the thiopurine 6methyltransferase 
(TPMT) have been shown to correlate with subnormal 
enzyme activity and myelotoxicity. The effect of TPMT 
polymorphism on gastrointestinal toxicity is still unclear 
with an earlier study[26] showing a disconcordance 
between TPMT heterozygosity and gastrointestinal 
intolerances. More recent data however has shown a 
significant association[27] between TPMT polymorphism 
and gastrointestinal intolerances. It is unclear what 
is the effect of gender on TPMT activity, with some 
studies showing an increased activity in males[2831], 
decreased activity in females[32] or no effect of 
gender at all[33]. Patient age[30,31], has no effect on 
TPMT activity but combination treatment with 5ASA 
therapy might increase 6thioguanine nucleotide levels 
due to a negative effect of 5ASA therapy on TPMT 
activity. Earlier reports had shown no effect of 5ASA 
coadministration[30,34,35] on TPMT activity but more 
recent data has indicated 5ASA therapy increases 
6thioguanine nucleotide levels[36,37]. Due to inconsistent 
data, identifying a clinical phenotype associated with 
thiopurine intolerance may facilitate in the decision
making process when prescribing a thiopurine and thus 
enable improved patient experiences and outcomes. 

Thus, we evaluated thiopurine discontinuation 
due to adverse events in a cohort of CD patients and 
investigated clinical characteristics associated with 
adverse events. 

MATERIALS AND METHODS
Study population
Subjects with CD who were followed in the Alberta 
Inflammatory Bowel Disease (IBD) Consortium patient 
database registry were identified[38]. Retrospective 
chart review was conducted between August 5th, 2010 
and June 1st, 2012. We identified all patients with CD in 
our registry who had a current or previous prescription 
of a thiopurine agent (AZA or MP). Patients with no 
history of thiopurine therapy or with a diagnosis of 
ulcerative colitis, IBD unspecified, or microscopic colitis 
at time of chart review were not included in this study. 
We identified 366 CD patients with a current or prior 
prescription of a thiopurine. The clinical scenarios that 
patients with CD were prescribed a thiopurine are 
described in Figure 1. Fifteen subjects were excluded 
because the reason for withdrawal was unavailable (n 
= 12) or the status of thiopurine prescription was not 
obvious from the chart review (n = 3).

Outcomes
The primary outcome of interest was the first adverse 
event that led to discontinuation of the first thiopurine 
medication (AZA or MP) used. The diagnosis of the 
adverse event was based on the clinical opinion of 
the prescribing gastroenterologist in conjunction with 
investigations (e.g., elevated lipase for pancreatitis) 
when available. Adverse events were defined as: 
acute pancreatitis as defined by relevant clinical 
symptoms (e.g., epigastric pain) and serum lipase 
> 3 times above the reference range; leucopenia 
defined as a white blood cell count of less than 3500/
ml; gastrointestinal intolerance (GI) as defined by 
a gastroenterologist recording symptoms of nausea, 
vomiting or nonspecific abdominal pain in the ab
sence of any other cause; hepatotoxicity as defined 
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Discontinued (n  = 15, 19%)

Adverse events (n  = 5, 0.33)
Non-response (NA)

Other (n  = 10, 0.67)

Discontinued (n  = 20, 53%)

Adverse events (n  = 8, 0.40)
Non-response (NA)

Other (n  = 12, 0.60)

Discontinued (n  = 175, 75%)

Adverse events (n  = 97, 0.55)
Non-response (n  = 54, 0.31)

Other (n  = 24, 0.14)

Thiopurine cohort (n  = 351, 100%)

Monotherapy (n  = 234, 67%)

Continued (n  = 59, 25%)

Combination therapy (n  = 117, 33%)

Concomitant onset 
(n= 38, 33%)

Non-concomitant onset 
(n  = 79, 69%) 

Continued (n  = 18, 47%) Continued (n  = 64, 81%)

Figure 1  Patient disposition. Disposition of the whole study cohort. Drug disposition is described in the materials and methods section. Thiopurines were 
discontinued due to adverse events, non-response or other non-clinical reasons.
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infection; and hypersensitivity reactions[41]. The fre
quency distribution for categorical variables and median 
with interquartile range (IQR) for continuous variables 
were calculated, and their comparisons were based 
on the Fisher exact test and Wilcoxon ranksum test, 
respectively. logistic regression was performed to 
evaluate associations between clinical factors and 
discontinuing a thiopurine for an adverse event. Risk 
estimates were presented as OR with 95%CI. The 
clinical factors that were a priori included into the model 
included: disease phenotype at the onset of thiopurine 
as described by age, location, behavior (B), and perianal 
fistulising disease; intestinal resection prior to thiopurine 
prescription, history of smoking, corticosteroids within 
6 mo of diagnosis, and drug utilization patterns prior 
to thiopurine prescription for 5ASA and antiTNF. An 
interaction term between age (defined as ≤ or > 
40 years) and sex was modeled to assess for effect 
modification. All statistical analyses were conducted 
using SAS version 9.2 (SAS Institute, Inc, Cary, NC). 
P values < 0.05 were considered to be statistically 
significant. 

RESULTS
The study consisted of 351 subjects with a median 
followup duration of 5.8 years (IQR 25th75th, 2.79.1]. 
Two patients were first initiated on MP while 349 
patients were first treated with AZA. Most (n = 234, 
66.7%) patients received thiopurine monotherapy, 
with the rest were exposed to antiTNF therapy. The 
median dose of AZA prescribed was 2.1 mg/kg (IQR 
25th75th, 1.9-2.4 mg/kg). The median dose of MP 
prescribed was 1.2 mg/kg (IQR, 25th75th 0.91.3 
mg/kg). Drug disposition of the whole study group is 
described in Figure 1. Patient characteristics stratified 
by adverse events are shown in Table 1. 

Adverse events
Adverse events leading to thiopurine discontinua
tion occurred in 110 patients out of the total cohort 
of 351 and were distributed as follows (Table 2): 
hypersensitivity reactions (n = 25, 7.1%); acute 
pancreatitis (n = 22, 6.2%); GI toxicity (n = 19, 5,4%); 
leucopenia (n = 13, 3.7%); hepatotoxicity (n = 12, 
3.4%) and infection (n = 4, 1.1%). Fifteen patients 
(4.3%) stopped medication for other adverse events 
(Table 2). Multiple adverse events were not recorded in 
a single patient as first adverse event leading to therapy 
cessation was the primary end point of this study. The 
four infections described were two intraabdominal 
abscesses, one case of molluscum contagiosum and one 
case of pulmonary coccidioidomycosis. These patients 
were not leukopenic. Details regarding the types of 
adverse events were missing in the medical charts of 
four patients (3.6%).

The median time from initiation to cessation of 
therapy for patients with a hypersensitivity reaction, 

by a rise in either (1) alanine transaminase levels 
more than three times of upper limit of normal; (2) 
alkaline phosphatase levels more than twice upper 
limit of normal; or (3) total bilirubin level more than 
twice upper limit of normal (not including Gilbert’s 
syndrome) when associated with increased alanine 
transaminase or alkaline phosphatase[39,40]; infection 
and hypersensitivity reactions including arthralgias, 
myalgias, rash, fever and flu-like reaction alone or in 
combination as diagnosed by a gastroenterologist[41]. 
Uncommon adverse events (e.g., alopecia, photo
sensitivity, skin cancer) were grouped as other. Data 
on the date of the adverse event and if the adverse 
event led to drug withdrawal were recorded.

Variables
Information extracted using a comprehensive chart 
and electronic health record review included demo
graphic data, laboratory studies, microbiology results, 
diagnostic imaging, operative and pathology reports, 
dictation notes, discharge summaries, and medication 
profiles. Data extraction was conducted independently 
by two trained clinicians (GM and MFD). Data extracted 
included: age at diagnosis (A1 ≤ 16 years, A2 1740 
years, A3 > 40 years); sex; location of disease (l1 
ileal disease, l2 colonic disease, l3 ileocolonic disease 
and l4 upper gastrointestinal disease) by Montreal 
Classification[42] at time of prescribing thiopurine; disease 
behaviour by Montreal Classification[42] at thiopurine 
prescription (B1 inflammatory, B2 fibrostenotic, B3 
penetrating disease); perianal fistulising disease at 
or prior to thiopurine prescription; smoking status at 
time of thiopurine prescription, which was classified 
as current smoking, past history of smoking, never 
smoker, or unknown; use of corticosteroid within 6 
mo of diagnosis; dosage, age at onset, and cessation 
of 5aminosalicyclic acid (5ASA); thiopurines (AZA 
and MP) and antiTNF (infliximab and adalimumab); 
combination therapy; and intestinal resection before 
thiopurine prescription. Based on their thiopurine 
exposure, patients were categorized into three groups; 
(1) thiopurine monotherapy, defined as patients naive 
to antiTNF therapy or suffering an adverse event 
that led to discontinuation of the thiopurine prior to 
exposure to antiTNF therapy; (2) nonconcomitant 
onset combination therapy defined as anti-TNF therapy 
started more than 3 mo after thiopurine onset; and 
(3) concomitant onset combination therapy defined 
as concomitant prescription of thiopurine and anti
TNF within 3 mo. In the last two groups, the adverse 
event occurred while the patient was being exposed to 
combination therapy. 

Statistical analysis
The primary outcome was cessation of the first thiopurine 
used (AZA or MP) due to an adverse event. An adverse 
event was defined as one or more of the following: 
acute pancreatitis; leucopenia; GI; hepatotoxicity; 
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acute pancreatitis, and gastrointestinal intolerance 
were of 31.0 (IQR 29.0, 65.0), 29.0 (IQR 14.5, 30.0) 
and 17.0 (IQR 7.0, 26.0) d respectively. In contrast, 
leucopenia resulted in drug cessation after a median of 
347.5 d (IQR 159.0, 866.0) (P < 0.0001). Moreover, 
median AZA dosages were lower in patients who had 
to discontinue drug therapy due to leucopenia (1.6 
mg/kg, IQR 0.8, 2.3) and hepatotoxicity (1.3 mg/kg, 
IQR 0.8, 2.0) (P = 0.04). 

Clinical predictors of adverse events
Patients over the age of 40 when they started a 
thiopurine were more likely to discontinue the drug (P 
= 0.007) as compared to patients under the age of 40 
(Table 1). In the multivariate analysis, effect modification 
was identified by age at thiopurine prescription for 
sex (P < 0.05, Wald test). In patients over 40 years of 
age at thiopurine prescription, females had a 4.0fold 
(adjusted OR = 4.0, 95%CI: 1.98.3) increased risk 
of discontinuing therapy due to an adverse event than 
females under the age of 40. In contrast, age did not 
influence thiopurine withdrawal (adjusted OR = 1.31, 
95%CI: 0.592.9) in males (Table 3). 

In the stratified multivariate analysis by sex, 
female gender with an age of over 40 at thiopurine 
prescription was associated with a significantly 
increased risk of thiopurine discontinuation due to an 
adverse event (adjusted OR = 2.8, 95%CI: 1.45.6). 
This risk was not seen in male patients (adjusted OR 
= 0.9, 95%CI: 0.42.1). The other modeled clinical 
factors (smoking history, prethiopurine intestinal 
resection, disease behaviour and location, perianal 
disease and previous corticosteroid or 5ASA use) 
were not associated with thiopurine discontinuation 
secondary to an adverse event (Table 4).

DISCUSSION
Thiopurine antimetabolite drugs are effective the
rapy in IBD. Thiopurines are commonly used first 
line immunosuppressive therapy in subjects with 
moderatesevere CD. Thiopurines are also prescribed 
in combination with antiTNF therapy to optimize 
effectiveness[42]. However, widespread use of thiopurines 
is hampered by potential adverse events that can lead 
to drug cessation. Our study highlights that intolerance 
to thiopurines is prevalent; particularly, among women 
with CD who are over the age of 40. This study demon
strates reallife clinical practice that suggests that 
combination strategies with antiTNF therapy and long
term thiopurine monotherapy are therapeutic aims that 
might not be easy to achieve for patients with CD. 

Nearly twothirds of patients discontinued thiopurine 
therapy after a median followup of 5.8 years. This 
finding was comparable to prior studies[15,43]. However, 
a prospective cohort study of 394 patients exposed 
to thiopurine therapy, reported a lower frequency of 

Table 1  Cohort demographics  n  (%)

Variables Total 
(n  = 351)

Discontinued 
due to 

adverse event 
(n  = 110) 

Continued 
therapy 

(n  = 241)

P  value

Gender  0.36
   Female 185 (52.7) 62 (56.3) 123 (51.1)
   Male 166 (47.3) 48 (43.6) 118 (48.9)
Age at diagnosis (A) 
(yr)

0.05

   < 17   56 (16.0) 13 (11.8)   43 (17.8)
   17-40 233 (66.4) 70 (63.3) 163 (67.6)
   > 40   62 (17.7) 27 (24.5)   35 (14.5)
Age at thiopurine 
(yr)

  0.007

   < 17 21 (6.5) 5 (4.5) 16 (6.6)
   17-40 195 (60.0) 44 (40.0) 151 (62.7)
   > 40 109 (33.5) 43 (39.1)   66 (27.4)
L4 (upper 
gastrointestinal 
disease)

0.52

   Yes 27 (7.7) 10 (9.1) 17 (7.1)
   No 324 (92.3) 100 (90.1) 224 (92.9)
Behaviour (B) (%) 0.91
   B1 (inflammatory) 183 (56.0)   55 (50.0) 128 (53.1)
   B2 (fibrostenotic)   62 (19.0)   20 (18.2)   42 (17.4)
   B3 (penetrating)   82 (25.1)   26 (23.6)   56 (23.2)
Perianal disease 
before thiopurine

0.69

   Yes   82 (23.4)   24 (21.8)   58 (24.1)
   No 269 (76.6)   86 (78.2) 183 (75.9)
Corticosteroid at 
diagnosis

0.35

   Yes 142 (52.8)   39 (35.5) 103 (42.7)
   No 127 (47.2)   42 (38.2)   85 (35.3)
Pre-thiopurine 
intestinal resection

0.81

   Yes 140 (39.9)   45 (40.9)   95 (39.4)
   No 211 (60.1)   65 (59.1) 146 (60.6)
Disease duration 
before thiopurines 
(yr)

0.22

   < 1 100 (30.8)   22 (20.0)   78 (32.4)
   1-5   81 (24.9)   22 (20.0)   59 (24.5)
   5-10   63 (19.4)   23 (20.9)   40 (16.6)
   > 10   81 (24.9)   25 (22.7)   56 (23.2)
5-ASA exposure 
before thiopurine

  66 (24.8)   18 (16.4)   48 (19.9) 0.47

Anti-TNFα exposure1 < 0.0001
   Thiopurine 
   monotherapy

234 (66.7)   97 (88.2) 137 (56.9)

   Non-con. Comb. 
   therapy

  79 (22.5)   5 (4.5)   74 (30.7)

   Con. Comb therapy   38 (10.8)   8 (7.3)   30 (12.4)
Smoking history 0.12
   Never 180 (51.3)   48 (43.6) 132 (54.8)
   History of smoking 126 (35.9)   49 (44.5)   77 (32.0)
   Unknown   45 (12.8)   13 (11.8)   32 (13.2)

1Thiopurine monotherapy, defined as patients naive to anti-TNF therapy 
or suffering an adverse event that led to discontinuation of the thiopurine 
prior to exposure to anti-TNF therapy; non-concomitant onset combination 
therapy defined as anti-TNF therapy started more than 3 mo after 
thiopurine onset; concomitant onset combination therapy defined as 
concomitant prescription of thiopurine and anti-TNF within 3 mo. Clinical 
characteristics of the 351 CD patients treated with a thiopurine stratified 
by an adverse event requiring withdrawal of thiopurines. Anti-TNF: Anti-
tumour necrosis factor; ASA: Aminosalicylic acid; CD: Crohn's disease.
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withdrawals (16%) from thiopurines due to adverse 
events[44]. 

leucopenia led to treatment cessation in 13 out of 
the 351 subjects with a median duration of treatment 
before discontinuation of 348 d. Thiopurineinduced 
myelotoxicity has a cumulative incidence of 7% with an 
incident rate of 3% per patient per year[43]. Our study 
was limited because of the lack of TPMT genotype and 
activity from our study population. However, TPMT 
polymorphisms explain leukopenia in only a quarter of 
cases[45]. 

The mean overall prevalence of thiopurineinduced 
liver toxicity was 3.4% in our study, which was similar 
to the prevalence of 3.4% described in a systematic 
review including 3485 patients[46]. Only 4 infectious 
events were described in this cohort of 351 patients 
on thiopurines. Although this study was not designed 
to assess the risk of infectious adverse events in CD 
patients exposed to thiopurines, our data is in line 
with previous studies[47] and is similar to previous 
findings in the TREAT registry that did not identify 
and increased incidence of sepsis in subjects on 
immunomodulators[48]. 

Pancreatitis is an idiosyncratic reaction. Pancreatitis 
was reported in 22 out of the 351 subjects (6.3%) 
which is slightly higher than the incident rate reported 
elsewhere (1.4%3.3%)[4951]. As expected from rarity 
of the reported incidence of lymphomatous adverse 
events in thiopurine-exposed subjects (0.9/1000 
patientyears in the literature[52]), no cases were 

reported in our cohort.
We have shown after adjusting for different factors 

that females over the age of 40 years are at a higher 
risk of adverse events secondary to thiopurines as 
compared to women prescribed the drug below the 
age of 40 years. In contrast, age did not modify this 
association among men. This is novel finding has 
a potential clinical implication, if further research 
validates this finding in other cohorts. The higher 
risk of toxicity in older women may alter the decision 
to prescribe a thiopurine when compared against 
a different treatment option. Disease phenotype, 
smoking history, surgery or previous corticosteroid 
or 5ASA usage were not found to be significantly 
associated with adverse events. Similar findings have 
been previously described in a small IBD Spanish 
cohort[53]. These findings could possibly be explained 
by recent data showing a significantly lower TPMT 
activity in females as compared to males[2931,54]. 

We showed that patients exposed to an antiTNF 
had significantly less episodes of drug cessation due to 
an adverse event. This variable was not included in our 
multivariate analysis as we did not feel this would be 
clinically useful. We would not advocate initiating anti
TNF therapy in CD patients to decrease the incidence 
of thiopurine discontinuation due to adverse events. 
Moreover, we feel that persistence with a thiopurine 
in patients on combination therapy is an indication of 
disease severity in an otherwise sick CD population 
with already a number of diseaserelated symptoms. 

There are several strengths to this study. This is 
a large referral centre that follows a large cohort of 
CD patients. Fine phenotyping was conducted by a 
select group of trained physicians who performed 
random audits for quality assurance. limitations to the 
study should be noted. This is a retrospective study 
that relied on a chart review process and thus, some 
clinical data were not comprehensively captured. 
Cessation of thiopurine therapy due to an adverse 
event was left at the discretion of the primary caring 
physician. As this was the primary inclusion criteria, 
this inherent variability might explain some of the 
noted differences in the adverse events incidence data. 

Table 2  Adverse events  n  (%)

Variables Hypersensitivity Pancreatitis GI Leucopenia Hepatotoxicity Infection

patients 25 (7.1) 22 (6.2) 19 (5.4) 13 (3.7) 12 (3.4) 4 (1.1)
Gender
   Males   16 (64.0)     9 (40.9)     7 (36.8)     4 (30.8)     4 (33.3)   2 (50.0)
   Females     9 (36.0)   13 (59.1)   12 (63.2)     9 (69.2)     8 (66.7)   2 (50.0)
Age at thiopurine (yr)   37.6 (32.3, 47.9)   43.9 (32.2, 48.8) 26.5 (22.8, 47.1)   29.6 (23.6, 47.7)      49 (41.8, 57.9)   24.3 (19.3, 27.1)
Time from prescription to 
withdrawal of thiopurine (d) 

     31 (29.0, 65.0)      29 (14.5, 30.0)  17 (7.0, 26.0)     347.5 (159.0, 866.0)      51 (30.0, 70,0)        1907 (603.0, 2718.0)

AZA dose (mg/kg) 2.2 (1.6, 2.4) 2.3 (2.0, 2.4)  2 (1.7, 2.2) 1.6 (0.8, 2.3) 1.3 (0.8, 2.0) 2.1 (2.0, 3.1)

Main reasons leading to discontinuation of thiopurine therapy in 351 patients due to an adverse event. No multiple reasons were recorded. Data are 
given as median and IQR unless otherwise stated. Other (n = 15, 13.6%) causes for discontinuation were alopecia (n = 3), photosensitivity (n = 1), basal cell 
carcinoma (n = 2), mood disturbance (n = 1), syncopal episodes (n = 1), fatigue (n = 1), headache (n = 1), eye problems (n = 1) and unknown (n = 4). AZA: 
Azathioprine; IQR: Interquartile range; GI: Gastrointestinal intolerance.

Table 3  Multivariate analysis

Adjust variables Crude analysis Adjusted 
analysisTotal (n  = 351)

Age starting thiopurine older than 40 
vs  40 or younger

OR (95%CI)

   Female 3.6 (1.9-7.1) 4.0 (1.9-8.3)
   Male 1.2 (0.6-2.6) 1.3 (0.6-3.0)

Predictors of thiopurine-related adverse events as determined by 
multivariate analysis. A significant age-by-gender interaction was observed 
in both crude and adjusted analyses, P-value = 0.03 and 0.04 respectively.
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Patients were followed in a referral centre and thus 
our study population may have been skewed towards 
CD patients with a more complicated disease course. 
Also, data on TPMT genotype, activity and thiopurine 
metabolites were not available to explain these clinical 
findings in our study population. Finally, our results are 
exclusive to CD. We aimed to carry these analyses in a 
CD cohort in order to allow the multivariate analysis to 
identify a clinically useful phenotype in this population 
significantly related to a thiopurine adverse event. 
Entering other clinical parameters related to other 
inflammatory bowel diseases might have produced a 
more composite but less clinically meaningful outcome. 

Thiopurines are effective therapy in certain CD 
phenotypes. Significantly more adverse events have 
been noted in female patients over the age of 40 
years. Although our findings should not preclude this 
group from the thiopurine class of drugs, clinicians 
should be aware of the possible increased risk of 
toxicity in this patient cohort. Further work is needed 
to validate our findings in different patient populations 
and to try and explain the aetiology of this novel 
finding. 
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COMMENTS
Background
Thiopurine medication is effective therapy in the management of inflammatory 
bowel disease. Their clinical effectiveness is hampered by the incidence 
of related adverse events leading to drug discontinuation. A large recent 
retrospective Spanish cohort study indicates that a quarter of patients suffer an 
adverse event when exposed to thiopurine therapy leading to discontinuation 
of therapy in 17%. Multiple variables have been associated with the onset of 
adverse events including age, gender, the type of inflammatory bowel disease, 

co-administration with 5-aminosalicylic acid and thiopurine 6-methyltransferase 
activity (TMPT). Although a higher TMPT activity is noticed in infants and 
young children, this is unaffected by age in adulthood. Gender does seem 
to have an effect on thiopurine metabolism with some reports showing a 
disparity in TMPT activity in between gender with a lower TMPT activity being 
described in women. These findings are not universal with some reports finding 
no difference in thiopurine metabolism between males and females. Co-
administration of thiopurine and 5-aminosalicylic acid therapy does increase 
the incidence of adverse events due to a negative effect of 5-aminosalicylic 
acid therapy on TPMT activity with a consequent rise of 6-thioguanine levels 
leading to adverse events. Despite these observations, measurements of 
TPMT activity and thiopurine metabolites are not routinely carried out in most 
healthcare systems. Most regions in Canada do not support these expensive 
tests. Similarly in the United Kingdom, despite TPMT measurement prior to 
therapy initiation is endorsed by the British Society of Gastroenterology, a 
substantial number of clinical commissioning groups do not financially support 
this test. Similar limitations are seen across other parts of the world. Moreover, 
in most cases adverse thiopurine-related adverse events are not explained by 
TPMT deficiencies. Identifying a clinical phenotype that could potentially predict 
adverse events to thiopurine in a real-life practice would be inexpensive and 
clinically useful. 
Research frontiers
Thiopurine-related adverse events are common. Some may be explained 
by TPMT deficiency, though in most cases (including myelosuppression), 
it is clinically impossible to predict which patients will be intolerant to this 
medication. The current research hotspot is to identify a clinical phenotype 
associated with increased adverse event. This would be clinically useful as it 
would inform decision-making when starting immunosuppressive therapy. 
Innovations and breakthroughs
To this date, the authors try and predict adverse events to thiopurine therapy 
by measuring TPMT activity prior to first prescription. Measuring thiopurine 
metabolites may be useful to try and optimise therapy and decrease adverse 
events. It is not clinically possible as yet to predict other adverse events. 
Furthermore, these expensive tests are not routinely available in large parts of 
the world. The authors hereby describe a clinical phenotype that significantly 
predicts an increased risk to discontinuation of thiopurine therapy due to an 
adverse event. This is a clinically useful finding that will improve decision-
making when prescribing immunosuppressive therapy.
Applications 
Patients of a female gender prescribed a thiopurine at any age over 40 years 
are at an increased risk to discontinuation of therapy due to an adverse event. 
Terminology
TPMT is an enzyme involved in the breakdown of azathioprine/mercaptopurine 
to the active metabolite 6-thioguanine. A low TPMT activity is associated with 
increased levels of 6-thioguanine which enhances the clinical efficacy of any 
prescribed dose but also leads to a higher incidence of myelosuppression. 

Table 4  Stratified multivariate analysis

Adjusted variables Adjusted OR (95%CI)

All cohort (n  = 351) Female (n  = 185) Male (n  = 166)

Age at Thiopurine prescription > 40 (sex-by-age interaction, P = 0.04) 2.4 (1.4-4.2) 2.8 (1.4-5.6) 0.9 (0.4-2.1)
Female vs male (referent) 1.2 (0.7-2.0) NA NA
Smoking history (current/past) 1.5 (0.9-2.5) 1.5 (0.8-3.1) 1.6 (0.8-3.6)
Pre-thiopurine intestinal resection vs no resection (referent)   0.86 (0.43-1.71) 0.7 (0.3-1.8) 1.0 (0.4-2.8)
L1 vs L2 (referent) 1.4 (0.6-3.2) 1.2 (0.4-3.6)   3.1 (0.9-10.4)
L3 vs L2 (referent) 1.5 (0.7-3.0) 1.1 (0.4-2.7) 2.1 (0.7-6.3)
B2 vs B1 (referent)    1 (0.5-2.2) 1.0 (0.3-2.8) 0.7 (0.2-2.4)
B3 vs B1 (referent) 1.1 (0.5-2.5) 1.0 (0.3-2.8) 0.8 (0.3-2.5)
Pre-thiopurine perianal disease vs no perianal disease (referent) 0.7 (0.4-1.3) 1.1 (0.5-2.7) 0.7 (0.3-1.8)
5-ASA at time of thiopurine vs past or never (referent) 0.8 (0.4-1.5) 0.7 (0.3-1.8) 1.0 (0.4-2.4)
Corticosteroid at diagnosis vs no exposure at diagnosis (referent) 0.9 (0.5-1.6) 0.7 (0.3-1.5) 0.9 (0.4-2.2)
L4 vs L2 (referent) 1.8 (0.7-4.3)   3.4 (0.9-12.2) 0.9 (0.3-3.1)

Predictors of thiopurine discontinuation in all cohort and as determined by this stratified multivariate analysis by sex. Demographic data suggests a higher 
incidence of adverse events in female patients over the age of 40 years. An age-by-gender interaction is seen as described in this multivariate analysis of 
thiopurine-exposed patients in female subjects over the age of 40 years. ASA: Aminosalicylic acid; NA: Not available.
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Peer-review
This is a retrospective study on chart review dealing with adverse events 
among patients with Crohn’s disease followed in the Alberta inflammatory bowel 
disease Consortium patient database. The manuscript reveals frequencies of 
a number of adverse events observed in a referral centre cohort including that 
of women older than 40 years have an increased risk for adverse events and 
discontinuation of thiopurine therapy. 
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