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Introduction
Inflammatory bowel disease (IBD), comprising 
Crohn’s disease (CD) and ulcerative colitis 
(UC), are chronic inflammatory disorders. 
Immunomodulatory drugs are commonly used 
to maintain remission. Thiopurine drugs 

6-mercaptopurine (6-MP) and azathioprine 
(AZA) remain a mainstay of therapy in IBD. A 
meta-analysis of adult patients showed that thi-
opurines help prevent relapse in quiescent UC 
and CD.1 A more recent Cochrane meta-analysis 
of six studies (489 CD participants) showed 

Allopurinol in combination with thiopurine 
induces mucosal healing and improves 
clinical and metabolic outcomes in IBD
Brigitte Moreau, Pierre Clement, Yves Theoret and Ernest G. Seidman

Abstract
Background: Thiopurines, azathioprine (AZA) and 6-mercaptopurine (6-MP) are common 
maintenance medications for inflammatory bowel disease (IBD). Excessive methylation via 
thiopurine methyltransferase (TPMT) frequently causes therapeutic failure. Allopurinol 
reduces excessive 6-methyl-mercaptopurine (6-MMP) while enhancing 6-thioguanine (6-TGN) 
levels. The aim of this study was to evaluate clinical, metabolic and endoscopic impact of 
allopurinol in combination with low-dose thiopurine in IBD.
Methods: Retrospective review of consecutive cases treated with allopurinol. Metabolites and 
their ratios (6-MMP/6-TGN) were compared pre- and post-allopurinol. Clinical and endoscopic 
remission were assessed.
Results: Allopurinol (n = 66) reduced mean dose of AZA by 70% (p < 0.01). Baseline levels 
(SD) 6-TGN, 6-MMP and 6-MMP/6-TGN were 165 (64), 9388 (5234) and 59.8 (30.3), respectively. 
These values improved on allopurinol to 297 (102), 896 (1031) and 3.4 (4.0), respectively 
(p < 0.0001). Therapeutic 6-TGN level (>235) was achieved in 49/58 cases on allopurinol 
combination therapy, versus 9/58 monotherapy (p = 0.0001). Among the thiopurine failure 
group (40 patients), clinical remission or response was observed in 65% and 22% of patients, 
respectively. In the asymptomatic group with excessive 6-MMP, 11/14 achieved sustained 
remission on allopurinol. Repeat colonoscopy (n = 28) showed mostly endoscopic remission 
(67.9%) or improvement (17.8%). Few had unimproved lesions (14.3%). Importantly, 46% 
of cases had complete mucosal healing. Two patients had cancer on combination therapy 
(de novo pancreatic cancer and fatal recurrence of metastatic testicular cancer). Elevated 
transaminases were reduced on allopurinol (48.2 versus 6.9%) (p < 0.001); no change in 
leukopenic or infectious events occurred.
Conclusion: Allopurinol in combination with low-dose thiopurine corrected excessive 
6-MMP levels, resulting in clinical remission and mucosal healing in the majority of cases. 
The potential cancer risk of allopurinol and thiopurine combination therapy needs further 
research.
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that AZA (1.0–2.5 mg/kg/day) was significantly 
superior to placebo for maintenance of remis-
sion over a 6- to 18-month period.2 In the AZA 
group, 73% of patients maintained remission 
compared to 62% of placebo-treated controls 
(RR 1.19, 95% CI 1.05–1.34). The number 
needed to treat for a beneficial outcome was 
nine.

Our group was among the first to describe how 
differences in metabolism of these drugs lead to 
individual variation in thiopurine metabolite lev-
els that can determine their therapeutic efficacy in 
IBD and risk of development of adverse reac-
tions.3,4 The parent drug needs to be metabolized 
to 6-thioguanine (6-TGN) to be therapeutically 
active. However, the metabolism of thiopurines 
can be diverted toward inactive metabolites via 
different enzymatic pathways. Xanthine oxidase 
shunts 6-MP toward 6-thiouracil. Also, excessive 
methylation via the thiopurine methyltransferase 
(TPMT) enzymatic route has been reported to 
result in the overproduction of 6-methyl-mercap-
topurine (6-MMP) and sub-therapeutic 6-TGN 
levels, potentially causing therapeutic failure.5 Up 
to one-third of 285 IBD patients were reported as 
having excessive metabolism toward 6-MMP.6 
The proportion of preferential metabolism was 
equal in adult and pediatric patients. However, as 
reviewed by Duley and Florin,7 these conclusions 
were based, for practical reasons, on using eryth-
rocyte metabolite concentrations as a surrogate 
for leukocyte levels from IBD tissue. Moreover, 
the concept of excessive 6-MMP production is 
based on retrospective rather than prospectively 
collected data.

Allopurinol, a xanthine oxidase inhibitor, was first 
shown by Chocair and colleagues in 1993 to dra-
matically reduce rejection in renal transplant 
patients treated with AZA, corticosteroids and 
cyclosporine.8 Sparrow and colleagues subse-
quently showed that allopurinol was also useful in 
IBD, beneficially modifying 6-MP metabolism 
with reduced 6-MMP production while favoring 
6-TGN production.9 Retrospective data suggest 
that the addition of allopurinol to thiopurine ther-
apy can improve 6-TGN levels in 6-MP hyper-
methylators, promoting clinical remission and 
correcting hepatotoxicity due to excessive 
6-MMP.10–13 Allopurinol may also be used in IBD 
to enhance thiopurine response in the absence of 
hepatotoxicity. This study’s aim was to evaluate 
the clinical, metabolic and endoscopic healing 

achieved as a result of allopurinol in combination 
with low-dose thiopurine in IBD patients.

Patients and methods

Patient population
This study is a retrospective review of consecutive 
patients with IBD who received combination ther-
apy of allopurinol and thiopurine at two tertiary 
hospitals and one community hospital. Patients 
recruited were followed at the IBD Clinics at the 
McGill University Health Center (MUHC). We 
searched a prospectively kept IBD patient database 
for MUHC patients (Montreal General and 
Montreal Children’s Hospitals) treated with allopu-
rinol and a thiopurine between 2008 and 2015. We 
also recruited patients treated at a community hos-
pital (Gatineau Hospital, Quebec). All patients or 
legal guardians gave their written informed consent 
for participation in the study, which was approved 
by the MUHC Research Ethics Board.

The diagnosis of IBD was based on standard clin-
ical, biological, endoscopic and histological crite-
ria. Indications for allopurinol were non-response 
to a thiopurine, hepatotoxicity due to thiopurine 
or asymptomatic patients with overproduction of 
6-MMP and sub-therapeutic 6-TGN on mainte-
nance therapy. Thiopurine failure was defined as 
steroid dependence (two or more courses of sys-
temic steroids over 12 months despite thiopurine 
use), persistent endoscopic lesions or clinical 
symptoms or disease flare despite thiopurine for 
at least 4 months. Subjects’ medical records were 
reviewed to obtain demographic information 
including age, gender and age at the onset of 
treatment. Disease-related baseline variables were 
collected, including disease site and extent using 
the Montreal classification14 (phenotype, localiza-
tion and extent of the disease), disease duration 
before starting thiopurine and before the adjunct 
of allopurinol, concomitant medications at the 
onset of combination treatment, in particular cor-
ticosteroids and past medical history of surgery 
related to IBD. Study treatment variables 
included dose of thiopurine before and after the 
addition of allopurinol and dose of allopurinol. 
Prior to initiating thiopurine treatment, TMPT 
was measured (Pharmacokinetics Laboratory, Ste 
Justine Hospital) by established techniques.15 
The standard dose of AZA was 2–2.5 mg/kg (or 
1–1.25 mg/kg of 6-MP) for pediatric or adult 
patients. The dose of thiopurine used was 
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modified for patients with heterozygous TPMT 
activity. The addition of allopurinol led to a con-
comitant reduction of thiopurine dose by a factor 
of approximately two-thirds.

Outcome parameters
After the introduction of combination treatment, 
patients were followed and adverse events recorded. 
White blood cell (WBC) count, hemoglobin, ala-
nine aminotransferase (ALT) and C-reactive pro-
tein (CRP) were recorded before and after the use 
of allopurinol. Myelosuppression was defined as a 
WBC count less than 4 × 109/L. Hepatotoxicity 
was classified according to the Common 
Terminology Criteria for Adverse Events v3.0, 
which is divided into three grades. Grade 1 is 
defined as ALT between the upper limit of normal 
(ULN) and 2.5 × ULN; grade 2 is 2.5–5 × ULN; 
and grade 3 is 5–20 × ULN. All metabolic out-
comes, as well as levels of thiopurine metabolites, 
were determined at an average of 4 weeks after ini-
tiating combination therapy and subsequently 
every 3 months. A prospective trial of allopurinol 
addition to a thiopurine in pediatric IBD found that 
patients reached steady state for 6-MP metabolites 
after 3 weeks.6 The 6-TGN and 6-MMP levels 
were measured in erythrocytes (red blood cells, 
RBCs) at Sainte Justine Hospital using a validated 
assay as we previously reported.3,4 Levels of TGN 
between 235 and 450 pmol/8 × 108 RBC were first 
reported by our group to correlate with therapeutic 
response in IBD; 6-MMP levels greater than 5700 
pmol/8 × 108 RBC were found to correlate with 
hepatotoxicity risk.3,4

IBD clinical activity was compared using the phy-
sician’s global assessment (PGA) as well as the 
Harvey–Bradshaw index (HBI) for CD and the 
Lichtiger index for UC patients. Clinical remis-
sion was defined by the PGA, an HBI or Lichtiger 
Index of three points or less.16,17 When patients 
consented to repeat colonoscopy on combination 
therapy, we compared the endoscopic results on 
thiopurine treatment alone versus after 4–9 
months on combination therapy. Endoscopic 
remission was defined as a Mayo score of 0 in UC 
patients, a SES-CD ⩽6 in CD patients or a 
Rutgeerts score ⩽1 in postoperative patients.

Statistical analysis
A one-sample Kolmogorov–Smirnov test was 
used to evaluate the normal distribution of 

6-TGN/6-MMP metabolite concentrations. 
Quantitative variables are presented as percent-
ages or means, followed by range and standard 
deviation. Non-parametric comparisons included 
Wilcoxon test for paired data or Mann–Whitney 
U test for unpaired data. The t test was used to 
compare continuous variables and a contingency 
table (χ2) to compare categorical variables.

Results
A total of 72 IBD patients (18 pediatric) received 
allopurinol in combination with a thiopurine at 
the MUHC (56) and a community hospital in 
Gatineau (26) between 2008 and 2015 (Figure 
1). A total of six patients were excluded: three 
due to lack of 6-MP metabolites post-allopurinol; 
two for non-compliance; and one lost to follow 
up. Of the remaining 66 patients, 50 (75.8%) 
were prescribed allopurinol for thiopurine failure. 
Another 16 patients were asymptomatic on thio-
purine alone and were prescribed allopurinol for 
excessive 6-MMP and sub-therapeutic 6-TGN 
levels. Hepatotoxicity was observed in 30 of 66 
cases (45.5%): 24 in the thiopurine failure group 
and in 6 asymptomatic patients with an abnormal 
metabolic pathway (Figure 1). A colonoscopy 
was performed before and after treatment with 
allopurinol in 28 patients.

The baseline demographics and disease-related 
characteristics of study patients are shown in 
Table 1. Compared to the thiopurine failure 
group, patients in the asymptomatic group with 
aberrant metabolism on maintenance thiopu-
rine were mostly pediatric luminal CD patients 
with a median age at the start of thiopurine and 
of allopurinol of 15 and 16.5 years, respectively. 
The thiopurine failure group includes an older 
population, with two-thirds of them having CD 
and one-third UC. This group was at a higher 
risk of treatment failure due to 52% having a 
stricturing phenotype, including 11 that had 
undergone a previous bowel resection. Among 
the thiopurine failure group, 26 (52%) were 
moderately to severely ill, requiring corticoster-
oids at the time of allopurinol introduction 
(Table 1).

Among the 66 patients with 6-MP metabolites 
measured before and after the addition of allopu-
rinol (50–100 mg/day concomitantly with AZA), 
the mean dose (SD) of AZA was reduced by 70%, 
from 165 (57) to 49.5 (15) mg/d (p < 0.01). The 
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6-TGN, 6-MMP and 6-MMP/6-TGN ratios all 
significantly improved (p < 0.001) after allopuri-
nol treatment (Table 2). A therapeutic 6-TGN 
level, defined as >235 and <450 pmol/8 × 108 
RBC, was achieved initially in 51 of the 66 
patients on allopurinol combination therapy 
(77.3%) compared to only 10 patients (15.2%) 
on thiopurine alone (p < 0.001).

Clinical outcomes were assessed in all 66 patients 
and divided according to the clinical indication 
for the use of allopurinol. For the thiopurine fail-
ure group, clinical remission was observed in 32 
of the 50 patients (64%). A clinical response was 
observed in 11 others (22%). Among these 43 
responders, 33 remained on combination therapy 
without requiring steroids for an average of 34 
months. The 7 others patients stopped treatment 
secondary to side effects (5) or on a voluntary 
basis (2). For the asymptomatic group on mainte-
nance treatment but with excessive 6-MMP lev-
els, 13 of the 16 patients remained in remission 
on therapy without steroids for an average of 27 
months. Two others had recurrence of symptoms 
that required escalation of treatment and one 
patient abandoned treatment as a personal choice. 

Comparison of outcomes did not show significant 
differences between pediatric and adult-onset 
IBD. However, the pediatric group size was a lim-
iting factor to a post-hoc analysis.

A repeat colonoscopy was carried out in 28 cases 
in the thiopurine failure group, between 4 and 9 
months after initiating combination therapy 
(Figure 1). Endoscopic remission was observed in 
19 patients (67.9%), while improvement was 
seen in 5 others (17.8%). Persistently active dis-
ease was observed in only 4 patients (14.3%). 
Complete mucosal healing was observed in 13 
(46.4%) cases, as illustrated in Figure 2.

Hepatotoxicity due to thiopurine therapy, defined 
by an elevated ALT on a thiopurine with high 
6-MMP levels in the absence of other causes, was 
observed in 30 of 66 patients (44.5%) overall. 
The severity of hepatotoxicity was grade 1 in 22, 
grade 2 in 6, and grade 3 in 2. On combination 
therapy with allopurinol, 5 (7.6%) had hepato-
toxicity (p < 0.001), all grade 1.

Mild leukopenia (2000–4000) was observed in 6 
and 8 cases before and after the use of allopurinol, 

Figure 1. Flow diagram of the allopurinol-treated IBD study patients.
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respectively (p = NS). No serious infections 
occurred. Two patients were diagnosed with can-
cer on combination therapy. One was a fatal case 

of de novo pancreatic cancer at the age of 65. The 
other was a fatal recurrence of metastatic testicular 
cancer at the age of 48, after a 14-year remission.

Table 1. Demographic and disease-related characteristics of IBD patients treated with thiopurine and 
allopurinol.

Treatment indication

 Abnormal metabolism
group

Thiopurine failure
group

Gender M:F 6:10 17:33

CD (n) 14 34

L1 ± L4, n (%) 2 (12) 25 (50)

L2 ± L4, n (%) 7 (44) 5 (10)

L3 ± L4, n (%) 7 (44) 20 (40)

B1, n (%) 11 (69) 9 (39)

B2, n (%) 4 (25) 26 (52)

B3, n (%) 1 (6) 2 (9)

perianal, n (%) 3 (19) 7 (14)

UC (n) 2 16

E2, n (%) 0 7 (44)

E3, n (%) 2 (100) 9 (56)

Previous bowel surgery, n (%) 1 (6) 11 (22)

Age at diagnosis (median in year) 13 27

Age when thiopurine started (median in year) 15 34

Age when allopurinol added (median in year) 16.5 41

Allopurinol dose, mg (mean) 72.5 98,4

Concomitant medications  

Corticosteroid n = (%) 0 (0) 26 (52)

5-ASA n = (%) 5 (31) 5 (10)

Anti-TNF n = (%) 2 (12) 7 (14)

5-ASA, 5-aminosalicylic acid; anti-TNF, anti-tumor necrosis factor; CD, Crohn’s disease; UC, ulcerative colitis.

Table 2. Values of erythrocyte 6-TGN and 6-MMP, and their ratio while on a thiopurine alone or in combination 
with allopurinol.

6-TGN (pmol/8 × 
108 RBC)

6-MMP (pmol/8 
× 108 RBC)

6-MMP/6-TGN

Thiopurine alone, mean (SD) 161 (60) 9388 (5106) 58.7 (30.7)

With allopurinol, mean (SD) 298 (104) 893 (1033) 3.2 (3.9)

p-value
95% confidence interval

p < 0.0001
−166.2 to −127.8

p < 0.0001
7226.4 to 9763.6

p < 0.0001
47.9 to 63.0

6-MMP, 6-methyl-mercaptopurine; 6-TGN, 6-thioguanine.
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Discussion
Our study provides further evidence that allopuri-
nol favorably alters the metabolism of thiopurines, 
with improved IBD clinical outcomes, a high rate 
of mucosal healing and correction of 6-MMP/6-
TGN ratios (Table 2). For the thiopurine failure 
group, clinical remission was achieved in 64%, and 
a clinical response in another 22%. Among 
responders, three-quarters had a sustained clinical 
response on combination therapy, without relapse 
or need for steroids for an average of 34 months. 
We and others have reported that 6-TGN levels 
over the ‘threshold’ of 235 pmol/8 × 108 RBC 
favor clinical remission.4,18 In this study, therapeu-
tic 6-TGN levels were achieved in 77.3% of cases 
on allopurinol combination therapy compared 
with 15.2% on a thiopurine alone (p < 0.001).

Between 14 and 31% of both pediatric and adult 
IBD patients preferentially metabolize 6-MP 
away from the active 6-TGN metabolites and 
toward potentially hepatotoxic 6-MMP metabo-
lites.6,19 In our recent study in 238 pediatric CD 
patients,15 steroid-free remission and lower 
relapse rates were seen in patients whose 
6-MMP/6-TGN ratios were 4 to 24 (p  =  0.001). 
Hepatotoxicity was associated with high 6-MMP 
levels (>3919 pmol/8 × 108 RBC) and 6-MMP/6-
TGN ratios >24 (p =  0.001).

The addition of allopurinol to thiopurine therapy 
has been shown to reduce 6-MMP while bolster-
ing 6-TGN production, resolving hepatotoxicity 
in the majority.10–13,20,21 Our study shows similar 
results, with resolution of the hepatotoxicity in 
83.3% of cases. In the remaining five patients 
with persistent hepatotoxicity, it was mild (grade 
1) in all cases. Moreover, three were subsequently 
found to have non-alcoholic fatty liver disease 
with steatosis on abdominal ultrasound.

The use of allopurinol in combination with low-
dose thiopurine can also be beneficial regardless 
of 6-MMP levels. Patients started on combina-
tion treatment as a first-line therapy responded 
very well.13 In a study published in abstract form, 
Pavlidis and colleagues recently showed that even 
TPMT-deficient patients who cannot produce 
high methylated mercaptopurine metabolite lev-
els can develop hepatotoxicity.22 This adverse 
event responded well to allopurinol, suggesting 
an independent hepatocyte protective effect of 
allopurinol. Using rat hepatocyte cultures it has 
been shown that thiopurines can induce hepato-
cyte cell death via oxidative stress, mitochondrial 
injury and loss of ATP.23 Allopurinol was shown 
to reduce the hepatotoxicity in vitro.

Studies have identified mucosal healing on endos-
copy as a key prognostic parameter in the manage-
ment of IBD, highlighting the important role of 
endoscopy for monitoring disease activity and 
response to therapy.24 Mucosal healing has 
emerged as a key treatment goal in IBD, predict-
ing sustained clinical remission and preventing 
resections. It is well established that clinical scores 
are often not in accordance with endoscopic find-
ings or non-invasive markers of mucosal healing 
such as fecal calprotectin. A recent study showed 
that the Harvey–Bradshaw Index was not able to 
distinguish active from inactive CD.25 Despite the 
established utility of endoscopic reassessment, 
previous studies on the usefulness of allopurinol 
combination with a thiopurine in IBD have rarely 
assessed patients for mucosal healing. One study 
reported endoscopic remission on combination 
therapy in 9 of 11 IBD patients with hepatotoxic-
ity due to thiopurine treatment.26 However, no 
endoscopic assessment was performed prior to the 
use of allopurinol. In a more recent similar study, 
at the end of follow up no inflammation was iden-
tified macroscopically in 98/180 (54%) cases.27 
Improvement was seen when compared with the 
previous endoscopy in the other 82 cases (46%).

Figure 2. Representative endoscopic images of two 
Crohn’s disease patients. The initial colonoscopy was 
obtained while failing thiopurine therapy. Endoscopic 
appearance after the addition of allopurinol is shown 
as well.
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In our study, 28 of the 48 adult patients con-
sented to undergo endoscopic reassessment after 
a minimum of 4 months on combination therapy. 
Endoscopic remission was achieved in 67.9% and 
improvement in 17.8%. Only 14.3% of cases 
were found to have persistently active endoscopic 
disease. Complete mucosal healing was observed 
in 46.4%. These endoscopic healing results are 
impressive when compared to the SONIC trial in 
which the AZA monotherapy group achieved 
mucosal healing in only 16.5% of cases.28 
However, in the latter randomized controlled 
study, 6-MP metabolite testing was not done to 
optimize response to thiopurine therapy, as is 
now more often recommended.29,30 A recent 
study in IBD patients followed at tertiary care 
centers showed that 52% did not achieve thera-
peutic 6-TGN levels.31 Our higher endoscopic 
remission and healing rates are in accordance 
with other prospective studies using AZA. In UC, 
60% of patients have complete mucosal healing 
(Mayo score 0).32 In CD 83% of AZA-treated 
patients achieved complete or near complete 
healing.33

Regarding the safety profile of allopurinol in 
combination with a thiopurine, the most fre-
quent major concern is the risk of leukopenia. 
This risk is usually related to a high 6-TGN level 
generated by the addition of allopurinol. 
However, we routinely decreased the dose of the 
thiopurine to 25% of the previous dose. 
Consequently, we did not observe an increase in 
the number of leukopenic events after using 
combination therapy, and no serious infections 
were observed. In the largest reported study to 
date, only 1% of 300 patients on combination 
therapy developed myelotoxicity.28 Unfortunately, 
two patients in our study were diagnosed with 
cancer on combination therapy. One was a fatal 
case of de novo pancreatic cancer at the age of 
65. This patient was on AZA alone for 5 years 
before starting allopurinol and was on combina-
tion therapy for another year before the diagno-
sis of cancer. The other case was a fatal 
recurrence of metastatic testicular cancer after a 
14-year remission. This patient was 48 years old 
and was on AZA alone for 3 years and only 2 
months on combination treatment. An increased 
incidence of cancer has not been previously 
reported in patients receiving both allopurinol 
and AZA. Cancers have not been associated with 
the use of allopurinol per se. There is an increased 
risk of lymphoproliferative disorder,34 and, 

although rare, cases of hepatosplenic T-cell lym-
phoma with thiopurine treatment for 2 or more 
years.35 Using a database of over 600 IBD 
patients treated with 6-MP, Disanti and col-
leagues reported that a statistically significant 
increase in the number of hematologic malig-
nancies occurred in the group with sustained 
leukopenia (p = 0.014).36 However, 6-TGN 
metabolites were not measured. Moreover, none 
were treated with allopurinol. Due to the limited 
cohort in this study, conclusions should not be 
drawn about the risk of cancer subsequent to the 
addition of allopurinol. Excluding non-mela-
noma skin cancers, no significant increase in risk 
of malignancy has been attributed to thiopurine 
therapy.37–39

A recent retrospective study in patients with IBD 
and a history of cancer, exposure to an anti-TNF 
agent or an antimetabolite after cancer was not 
associated with an increased risk of incident can-
cer, compared with patients who did not receive 
immunosuppression.40 However, the study cohort 
(n = 300) was not considered large enough to 
exclude this possibility. Large prospective studies 
are needed to evaluate whether the addition of 
allopurinol increases the risk of cancer in thiopu-
rine-treated IBD patients.

In summary, the combination of allopurinol and 
low-dose thiopurine is a clinically effective 
immunomodulation therapy for patients with 
IBD. This combination offers a solution for the 
well-recognized limitations of thiopurine mono-
therapy, including modest response rates and 
side effects such as hepatotoxicity. The addition 
of allopurinol was associated with reduced 
6-MMP levels. Moreover, clinical as well as 
endoscopic improvements ensued in the major-
ity of cases. Complete mucosal healing was 
observed in almost half of the patients after the 
addition of allopurinol. Long-term follow-up 
shows that the combination therapy is safe and 
permits steroid cessation for the majority of 
cases. Based on the current literature, changes in 
the risk of cancer subsequent to the addition of 
allopurinol appears to be negligible. Ideally, this 
needs to be assessed by a large prospective study.
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