
quality of life.1 Therefore, long-term treatments are necessary 
for the maintenance of clinical remission in patients with CD. 
Conventional therapies for active CD include corticosteroid 
treatments.2-6 Recently, several randomized controlled tri-
als demonstrated that treatment with tumor necrosis factor 
(TNF)-a antagonists improved the management of refrac-
tory CD.5,6 Considering the efficacy of TNF-a antagonists, in 
particular, a study suggested that the early intensive therapy 
with TNF-a antagonists might reduce the complications as-
sociated with conventional CD treatment and thus improve 
the quality of life.7 Therefore, early intensive therapy with 
these biologic agents has been proposed and is referred to as 
the “top-down” therapy. Although several studies emphasize 
the importance of early medical treatment in patients with 

INTRODUCTION

Crohn’s disease (CD) is a chronic relapsing gastrointesti-
nal inflammatory disorder that is characterized by frequent 
complications, such as stenosis and fistula, and an impaired 
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CD, the associations between TNF-a antagonist therapy 
and the development of serious life-threatening infections in 
the early years of therapy as well as other well-documented 
hematologic, immunologic, cardiovascular, and malignant 
adverse effects are serious concerns.8,9 

Thiopurines, such as azathioprine (AZA) and 6-mercap-
topurine (6MP), are widely used for managing steroid-re-
fractory IBD. However, it remains unclear whether the early 
use of these drugs affects long-term clinical remission and 
decreases the surgical rates in patients with CD.10 

In the present study, we evaluated the efficacy and safety 
of thiopurine treatment for long-term clinical remission in 
Japanese biologic-naive CD patients.

METHODS

1. Patients

We retrospectively reviewed the medical records of 531 
patients with IBD who were treated and followed up be-
tween January 2004 and December 2012 at Kyoto University 
Hospital. The 531 patients with IBD comprised 175 CD pa-
tients, 321 UC patients, 11 Behçet’s disease patients, and 24 
IBD-unclassified patients. Of the 175 CD patients, 148 who 
received medical treatment for induction of clinical remis-
sion were enrolled in this study. The course of CD was deter-
mined before and during treatment with thiopurine. Patients 
with CD who met all the following criteria were enrolled in 
this study: (1) thiopurine treatment for over 6 months, (2) 
remission for at least 6 months without corticosteroid use or 
granulocyte-monocyte adsorption apheresis (GMAA), (3) 
no surgical treatment for remission, and (4) no tacrolimus 
or anti-TNF-a treatment. Patients who had received or were 
receiving 5-aminosalicylic acid drugs were not excluded. 
Depending on the prevalence of digestive complications, 
patients with CD were classified into the following 2 groups 
according to Montreal classification: B1 (non-stricturing 
and non-penetrating) and B2+B3 (stricturing and penetrat-
ing) groups.11 This retrospective, observational, single-center 
study was conducted in accordance with the principles of the 
Declaration of Helsinki and was reviewed and approved by 
the institutional review boards of Kyoto University Hospital.

2. Treatment

Biologic-naive patients with CD were treated with thiopu-
rines alone for the maintenance of clinical remission. The 
thiopurine dose was adjusted according to the number of 

white blood cells (3,000−5,000/mL) and the concentration 
of 6-thioguanine (6TGN) (235−400 pmol/8×108 red blood 
cells).12

3. Evaluation of Disease Activity

Clinical remission was defined as a CD activity index 
(CDAI) score of <150 points under corticosteroid- and 
GMAA-free conditions.13 Relapse of CD was defined as a 
CDAI score of >150 points or an increase in the CDAI score 
by 100 points from baseline.13,14 Endoscopic activity of CD 
was assessed using the simple endoscopic score for CD.15 
Mucosal healing was defined as the score of 0. Intolerance 
to thiopurine was defined as a reaction occurring within a 
month after the induction of thiopurine, including pancre-
atitis, abdominal pain, fever, arthralgia, myalgia, cutaneous 
rash, fatigue, alopecia, hepatitis, and digestive intolerance.16 
Data on the following variables were collected: age at CD di-
agnosis, gender, disease location, disease behavior, duration 
before thiopurine initiation, smoking, CDAI, and CRP level 
at the time of induction of thiopurine treatment. 

4. Statistical Assessment

The primary outcome was the cumulative relapse rate in 
patients with CD. The secondary outcomes included the 
identification of factors associated with the risk of relapse 
and safety of long-term treatment with AZA/6MP in patients 
with CD. The safety of thiopurine treatment was assessed by 
evaluating the adverse event and mortality rates associated 
with the treatment, including malignancies. Categorical and 
continuous data were compared using a two-tailed Fisher 
exact test and Mann-Whitney U test. The cumulative relapse 
rates were evaluated using Kaplan-Meier analysis (log-rank 
test). Multivariate analysis of the time to relapse in patients 
with CD was performed using Cox regression analysis. The 
following variables were analysed as potential predictors of 
relapse in CD patients: age, CRP level, stricturing (B2) and 
penetrating (B3), and the time to initiate thiopurine treat-
ment after CD diagnosis.A value of P <0.05 was considered 
statistically significant.

RESULTS

1. Patient Characteristics

One hundred forty-eight patients with CD (mean age, 30 
years [range, 14−71 years]; men: 114, women: 34) were ret-
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rospectively enrolled in this study. Of the 148 patients with 
CD, 81 were biologic-naive. Of the 81 biologic-naive patients, 
47 (58.0%) who were treated with thiopurines alone for the 
maintenance of clinical remission with corticosteroids or 
GMAA were analyzed. Almost all of these 47 patients were 
male (87.2%; Table 1). The median age at diagnosis of CD 
was 26 years, and almost all the patients were <40 years of 
age. The median disease duration was 6 months (1−264 
months). Of the 47 patients, 33 (70.2%) had ileal lesions 
(L1+L3). Based on the Montreal classification of CD, disease 
behavior in patients was classified as follows: non-stricturing 
and non-penetrating (B1): 22 patients (46.8%); stricturing 
(B2): 17 patients (36.2%); penetrating (B3): 1 patient (2.1%); 
and perianal disease modifier (B4): 10 patients (21.3%). 12 
patients (25.5%) were smokers. The median CDAI score at 
induction of thiopurine was 200, and the median CRP level 
was 0.8 mg/dL. Moreover, 14 patients (29.8%) had a history 
of surgery. Of the 47 patients, 41 were treated with AZA, 
and the remaining 6 were treated with 6MP. Moreover, 3 of 

the 47 patients were treated with concomitant allopurinol 
for optimizing the thiopurine dose. The median AZA dose 
was 50 mg (25−100 mg), and the median 6MP dose was 20 
mg (10−50 mg). Moreover, the median cumulative dose of 
AZA in this observational period was 54,000 mg and that 
of 6MP was 20,835 mg. Moreover, in 14 of 47 patients, the 
6TGN level was evaluated, and the median 6TGN level was 
405 pmol/8×108 red blood cells. The median duration of 
thiopurine use during the follow-up period was 39.5 months 
(13−85 months).

2. Efficacy of Thiopurine Treatment for the Long-Term  
     Maintenance of Remission in Biologic-Naive CD  
     Patients

Of the 47 patients, 13 experienced a relapse. Ten of those 
13 patients experienced an exacerbation of symptoms re-
lated with CD. The remaining 3 patients experienced ileus 
due to intestinal stricture followed by surgery. The time-to-
relapse curves are shown in Fig. 1. The median follow-up 
time was 40.75 months. Based on the Kaplan-Meier analysis, 
the overall cumulative relapse rates of the 47 patients with 
CD at 12, 24, and 60 months were 0%, 13.7%, and 35.4%, re-
spectively (Fig. 1).

3. Clinical Factors Associated With the Long-Term  
     Maintenance of Remission With Thiopurine  
     Treatment in Biologic-Naive CD Patients 

To analyze the risk factors of relapse in biologic-naive 
CD patients receiving long-term thiopurine treatment, we 
evaluated the differences in patient characteristics between 

Table 1. Patient’s Characteristics

Variables All patients 
(n=47)

Gender (Male/Female) 41/6

Age at diagnosis (yr, median) 21 (12–45)

   <16 yr (A1) 10 (21.3)

   17–40 yr (A2) 36 (76.6)

   >40 yr (A3)  1 (2.1)

Disease duration (mo, median) 6 (1–264)

Disease location 

   Ileal type (L1) 21 (44.7)

   Colonic type (L2) 14 (29.8)

   Ileocolonic type (L3) 12 (25.5)

   Isolated upper disease (L4) 0 (0)

Disease behabior 

   Non-stricturing, non-penetrating (B1) 22 (46.8)

   Stricturing (B2) 17 (36.2)

   Penetrating (B3) 1 (2.1)

   Perianal disease modifier (P) 10 (21.3)

Smoking 12 (25.5)

Median CDAI at induction of thiopurines 200

Median CRP at induction of thiopurines (mg/dL) 0.8 (0–13.1)

History of Surgery 14 (29.8)

Values are presented as n (%).
CDAL, Crohn's Disease Activity Index.
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Fig. 1. The overall cumulative relapse rate in 47 biologic-naive CD pa-
tients. The overall cumulative relapse rate was 35.4% at 85.0 mo, on the 
basis of Kaplan-Meier analysis.
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the non-relapse and relapse groups (Table 2). Among the 
patient characteristics, patient history of surgery signifi-
cantly differed between the non-relapse and relapse groups 
(P=0.021). Next, we analyzed the cumulative relapse rates in 
biologic-naive CD patients with and those without a history 
of surgery. As shown in Fig. 2, the cumulative relapse rates 
of biologic-naive CD patients with and those without a his-
tory of surgery were 52.9% at 77.6 months and 27.2% at 85.0 
months, respectively (P =0.071). These data suggest that a 
history of surgery could affect the relapse rates of biologic-
naive CD patients treated with thiopurine, although no sig-
nificant difference was observed in the cumulative relapse 
rates of biologic-naive CD patients with and those without a 
history of surgery.

4. Efficacy of Thiopurine Treatment for the Long-Term  
     Maintenance of Remission in CD Patients Without a  
     History of Surgery

To exclude the influence of patient history of surgery on 

Table 2. Patient’s Characteristics Between Non-Relapse and Relapse Group

Variables Non-relapse (n=34) Relapse (n=13) P-value

Gender (Male/Female) 28/6 13/0 0.167

Age at diagnosis (yr, median) 20.5 (12−45) 21 (15−35) 0.159

   <16 yr (A1) 8 (23.5) 2 (15.4) 0.703

   17–40 yr (A2) 25 (73.5) 11 (84.6) 0.702

   >40 yr (A3) 1 (3.0) 0 (0) 1.000

Disease duration (mo, median) 5.5 (1−264) 72 (1−168) 0.529

Disease location 

   Ileal type (L1) 15 (44.1) 6 (46.1) 0.840

   Colonic type (L2) 12 (35.3) 2 (15.4) 0.288

   Ileocolonic type (L3) 7 (20.6) 5 (38.5) 0.295

   Isolated upper disease (L4) 0 (0) 0 (0)

Disease behabior 

   Non-stricturing, non-penetrating (B1) 18 (52.9) 4 (30.8) 0.300

   Stricturing (B2) 10 (29.4) 7 (53.8) 0.222

   Penetrating (B3) 0 (0) 1 (7.7) 0.614

   Perianal disease modifier (P) 8 (23.5) 2 (15.4) 0.703

Smoking 6 (17.6) 6 (46.2) 0.103

Median CDAI at induction of thiopurines 174 164.5 0.548

Median CRP at induction of thiopurines (mg/dL) 1.2 (0−13.1) 0.5 (0−4.6) 0.185

History of Surgery 7 (20.6) 7 (53.8) 0.021

Values are presented as n (%).
CDAL, Crohn's Disease Activity Index.
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Fig. 2. The cumulative relapse rates in biologic-naive CD patients with 
and those without a history of surgery. The cumulative relapse rate in 
CD patients without a history of surgery was 27.2% at 85.0 mo (solid 
line), and that in those with such a history was 52.9% at 77.6 mo 
(dashed line) (P=0.071).
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thiopurine treatment, we analyzed the efficacy of thiopurines 
in biologic-naive CD patients without a history of surgery. To 
evaluate the predictive factors for CD relapse in biologic-na-
ive CD patients without a history of surgery, we assessed the 
differences in the patient characteristics between the non-
relapse and relapse groups. As shown in Table 3, the non-
relapse group had a higher number of patients with the B1 
phenotype than the relapse group. In accordance with Fig. 2, 
we consider that initiating thiopurine treatment before the 
development of digestive complications requiring surgery 
might be important for the long-term maintenance of remis-
sion in biologic-naive CD patients. Therefore, according to 
the prevalence of digestive complications, CD patients with-
out a history of surgery were classified as follows: B1 and 
B2+B3 group. Based on the Kaplan-Meier analysis, the cu-
mulative relapse rate in biologic-naive CD patients without 
a history of surgery was significantly lower in the B1 group 
than in the B2+B3 group (11.1% at 85.0 months vs. 58.5% at 
69.0 months, P=0.036; Fig. 3). 

Table 3. Patient’s Characteristics of CD Patients Without History of Surgery Between Non-Relapse and Relapse Group

Variables Non-relapse (n=27) Relapse (n=6) P-value

Gender (Male/Female) 24/3 6/0 1.000

Age at diagnosis (yr, median) 21 (12−45) 19 (15−38) 0.766

   <16 yr (A1) 6 2 0.616

   17–40 yr (A2) 20 4 1.000

   >40 yr (A3) 1 0 1.000

Disease duration (mo, median) 46.7 25.25 0.090

Disease location 

   Ileal type (L1) 11 (40.7) 1 (16.7) 0.379

   Colonic type (L2) 6 (22.2) 3 (50.0) 0.309

   Ileocolonic type (L3) 10 (37.1) 2 (33.3) 1.000

   Isolated upper disease (L4) 0 (0) 0 (0)

Disease behavior 

   Non-stricturing, non-penetrating (B1) 16 (59.3) 1 (16.7) 0.085

   Stricturing (B2) 5 (18.5) 3 (50.0) 0.137

   Penetrating (B3) 0 (0) 1 (16.7) 0.182

   Perianal disease modifier (P) 7 (25.9) 2 (33.3) 1.000

Smoking 4 (14.8) 3 (50.0) 0.093

Median CDAI at induction of thiopurines 181 91 0.077

Median CRP at induction of thiopurines (mg/dL) 1.23 0.35 0.220

Values are presented as n or n (%).
CDAL, Crohn's Disease Activity Index.
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Fig. 3. In biologic-naive CD patients without a history of surgery, the 
cumulative relapse rates of patients with and those without digestive 
complications were evaluated. The 33 biologic-naive CD patients with-
out a history of surgery were classified as follows: B1 (non-stricturing 
and non-penetrating) and B2+B3 (stricturing and penetrating) patients. 
The cumulative relapse rate in the B1 group was 11.1% at 85.0 mo (solid 
line) and that in the B2+B3 group was 58.5% at 69.0 mo (dashed line) 
(P=0.036). 
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5. Multivariate Analysis of the Time to Relapse in  
     Biologic-Naive CD Patients Without a History of Surgery

To evaluate the clinical factors associated with the long-
term maintenance of remission with thiopurine treatment, 
we performed multivariate analysis of the time to relapse 
in biologic-naive CD patients without a history of surgery. 
However, Cox regression analysis could not identify the risk 
factors of relapse in the biologic-naive CD patients without 
a history of surgery after remission maintenance with thio-
purines (Table 4). Therefore, in accordance with Table 2 and 
Fig. 2, we consider that thiopurine use would be beneficial 
for the long-term maintenance of remission in biologic-naive 
CD patients without digestive complications and a history of 
surgery.

6. Safety

Adverse events occurred in 7 of the 47 patients treated 
with thiopurines (14.9%; data not shown). Leukopenia, liver 
dysfunction, and nausea occurred in 2 patients each, and 
pancreatitis occurred in the remaining patient. All patients 
recovered after decreasing the thiopurine dose or stopping 
thiopurine treatment. Moreover, none of the patients treated 
with thiopurines reported malignancies or life-threatening 
infections.

DISCUSSION

Our current study shows that thiopurine treatment could 
lead to a clinically favorable outcome in biologic-naive CD 
patients, and thiopurine use before the development of 
digestive complications led to reduced rates of relapse and 
surgery. To our knowledge, this is the first study to demon-
strate that thiopurine use may contribute to the long-term 
maintenance of remission in Japanese biologic-naive CD 
patients.

The superiority of thiopurine immunomodulators in in-

ducing, and particularly maintaining, remission of CD has 
been documented.17,18 However, there are limited data on 
the long-term effects of thiopurines in CD patients. First, we 
evaluated the effects of thiopurines on clinical remission 
maintenance in biologic-naive patients, which demonstrated 
that the cumulative relapse rates at 1, 3, and 5 years were 
0%, 13.7%, and 35.4%, respectively. Several studies have 
reported the efficacy of thiopurine treatment in improving 
the long-term clinical outcomes in CD patients; therefore 
thiopurine treatment is likely to be effective in biologic-naive 
CD patients.19-22 However, the SONIC (The study of Biologic 
and Immunomodulator Naive Patients in CD) study dem-
onstrated a greater clinical benefit from infliximab than from 
AZA alone in biologic-naive CD patients, because CD pa-
tients who received infliximab monotherapy and infliximab 
plus AZA combination therapy had higher rates of clinical 
remission and mucosal healing than those who received 
AZA monotherapy.5 Moreover, Kwak et al. recently reported 
the efficacy of the early induction of immunomodulators in 
biologic-naive CD patients.23 They showed that in biologic-
naive CD patients who received thiopurine treatment within 
6 months after diagnosis, the cumulative relapse rates at 1, 2, 
and 3 years were 7%, 22.3%, and 60.9%, respectively. More-
over, there were no significant differences in the relapse 
rates between the early induction and conventional therapy 
groups. Therefore, further studies are necessary to confirm 
the efficacy of thiopurine induction before starting biologic 
treatment for improving long-term clinical outcomes in bio-
logic-naive CD patients. 

Recently, 2 studies demonstrated that very early induction 
of AZA treatment was not effective in the corticosteroid-free 
clinical remission of patients with newly diagnosed CD.10,24 

However, these data conflict with the results of other stud-
ies. In fact, the GETAID (Groupe d’Etude Therap−utique des 
Affections Inflammatoires du tube Digestif ) reported that 
approximately 60% of the CD patients in the conventional 
management group required immunosuppressive drugs for 
the corticosteroid-free clinical remission in the 3-year study 

Table 4. The Multivariate Analyze of the Time to Relapse in Patients With CD

Variables HR* 95% CI for HR P-value 

Age at diagnosis 0.02 −0.077 to 0.059 0.89

CRP at induction of thiopurines 0.06 −0.168 to 0.116 0.806

Stricturing (B2) and penetrating (B3) 0.218 −0.383 to 0.724 0.64

Initiating time of thiopurine after diagnosing CD 0.06 −0.011 to 0.006 0.806

*HR for the relapse of CD after initiating thiopurines.
HR, hazard ratio.
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period.24 Moreover, the occurrence of perianal lesions was 
significantly lower in the AZA-treated group than in the con-
ventional treatment group.24 In addition, the AZTEC (AZA 
for Treatment of Early CD in Adults) study showed that early 
AZA use was more effective in preventing moderate-to-
severe relapses than placebo use in the post hoc analysis.10 
Moreover, D’Haens et al. demonstrated that combined im-
munosuppression was effective for induction of remission 
and reduction of corticosteroid use in early diagnosed CD 
patients.25 Therefore, these studies do not necessarily deny 
the effectiveness of thiopurine treatment in CD patients 
but suggest the importance of identifying when thiopurine 
treatment must be started in CD patients in whom disease 
activity becomes progressive without optimal immunosup-
pressive treatments.

The most recent Cochrane Library meta-analysis reported 
that thiopurines are effective for the maintenance of remis-
sion, and another meta-analysis reported the efficacy of thio-
purines in the prevention of postoperative recurrences.17,26 

Moreover, a population-based inception cohort from Hun-
gary showed a positive correlation between early thiopurine 
treatment and a reduction in surgical rates.19,27 Our data 
revealed that the cumulative relapse rates were lower in 
biologic-naive CD patients without a history of surgery than 
in those with such a history, although this result was not sig-
nificant (P=0.071). Considering the natural course of CD,1 a 
history of surgery is a reasonable risk factor for CD relapse 
in patients treated with thiopurines.28,29 However, in CD pa-
tients without a history of surgery, our multivariate analysis 
revealed that the prevalence of digestive complications is a 
possible independent risk factor for CD relapse. In biologic-
naive CD patients without a history of surgery, the cumula-
tive relapse rate was lower in patients without digestive com-
plications than in those with them. Taken together, the early 
induction of thiopurines before the development of digestive 
complications could contribute to better clinical outcomes 
in CD patients. However, our study had several limitations 
including a small sample size, heterogeneity in patient char-
acteristics, and a lack of comparison groups. Therefore, fur-
ther studies with larger sample sizes are required to confirm 
our data.

Finally, we evaluated the adverse events associated with 
long-term thiopurine treatment. The frequency of adverse 
events in the present study was similar to that reported 
by previous Western studies.30,31 Moreover, all patients 
recovered after the thiopurine dose was decreased. The 
American Gastroenterological Association has promoted 
the usefulness of thiopurine metabolite monitoring for 

optimizing thiopurine treatment in IBD patients to avoid 
adverse events.31 The frequency and phenotypes of muta-
tions of thiopurine methyltransferase, which is associated 
with thiopurine metabolism, differ between Japanese and 
Western patients.32 Therefore, adequate monitoring of the 
concentration of the AZA metabolite 6TGN is necessary and 
helpful for the long-term maintenance of remission and for 
maximizing the efficacy and minimizing the toxicity of the 
thiopurine drug in Japanese CD patients. 

 In conclusion, our data demonstrated that thiopurine 
treatment might be useful for the long-term maintenance of 
remission in biologic-naive CD patients without digestive 
complications and a history of surgery. Because the use of 
biologics has just been in its golden age in the field of IBD 
treatments, we must recognize the role of thiopurine agents 
in patients with biologic-naive CD.
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