
worsening of their quality of life.3 Most UC patients are suc-
cessfully managed with mesalamine formulations, but in 
approximately 25% of UC patients, mesalamine treatment or 
other therapies fail, thus requiring intensified treatment or 
colectomy.4 Corticosteroids remain a mainstay for inducing 
remission in patients with moderate to severe UC, but their 
long-term use is not recommended because of adverse side 
effects.5-7 The investigators of one European cohort study 
that included a large number of UC patients reported that 
at 1 year after withdrawal of corticosteroid treatment, fewer 
than half of the patients had a sustained response, one-third 
required colectomy, and approximately one-fourth required 
reinduction of corticosteroid treatment due to a UC relapse.8 
Thus, the maintenance of steroid-free remission in UC pa-
tients is a clinically important issue.

Thiopurines, azathioprine (AZA) and its metabolite 

INTRODUCTION

Ulcerative colitis (UC) is a lifelong immune-mediated 
inflammatory condition of the colonic mucosa that is char-
acterized by a relapsing and remitting course.1,2 Sustained 
inflammation in patients with UC results in a progressive 
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6-mercaptopurine (6-MP) are purine analogs that effectively 
induce and maintain remission in patients with IBD, particu-
larly in steroid-refractory or steroid-dependent disease.9,10 

Although the effects of thiopurine on refractory IBD are ap-
parent in clinical practice, only a few prospective studies and 
one meta-analysis have been reported.10-12 Moreover, little is 
known about the long-term clinical outcome of UC patients 
who initially responded to thiopurine treatment.

The efficacy of biologics such as infliximab and adalim-
umab for induction of remission and maintenance in UC 
patients has been reported.13-16 Clinical trials, case series, and 
a meta-analysis have demonstrated the benefits of these bio-
logic therapies for UC patients.13-19 The costliness of the long-
term use of biologics, however, is problematic.20 In addition, 
observational data suggest that patients taking biologics are 
at increased risk of opportunistic infection.21 Therefore, the 
usefulness of thiopurine for maintaining remission in UC 
patients must be reconsidered. The aim of this study was 
to assess the long-term efficacy and safety of maintenance 
treatment with thiopurine in Japanese patients with UC.

METHODS

1. Study Design

This was a single-center retrospective cohort study. All 
patients with UC at Kyoto University Hospital who were 
treated with a thiopurine and 5-aminosalicylate (5-ASA) 
formulation as maintenance treatment after induction treat-
ments such as 5-ASA, corticosteroids, granulocyte-monocyte 
adsorption apheresis (GMAA), and calcineurin inhibitors 
between December 1998 and August 2013 were enrolled in 
the study. All of the subjects provided informed consent. The 
study protocol conformed to the Declaration of Helsinki and 
was approved by the Institutional Review Board at Kyoto 
University Hospital.

 
2. Definition of UC

The diagnosis of UC was confirmed by reviewing en-
doscopic and pathological reports. Disease activity was 
evaluated based on a modified Truelove and Witts Severity 
Index (MTWSI) score (Supplemental Table 1).22-24 Clinical 
remission was defined as an MTWSI score lower than 4. UC 
relapse was defined as an MTWSI score increase of at least 
3 points from baseline leading to treatment modification. 
UC flare-up was defined as an increase in MTWSI score of 
at least 3 points from the baseline and leading to treatment 

modification.24 Refractory UC was defined as (1) steroid re-
fractory, or the lack of a clinical response to a systemic daily 
dose of 30 mg or more of prednisolone over at least 2 weeks; 
and (2) steroid dependency, or failing to taper the predniso-
lone dose to less than 10 mg/day within 12 weeks or relapse 
within 12 weeks after prednisolone discontinuation. Muco-
sal healing was defined as endoscopic findings with a Mayo 
score of 0 or 1.13 The time to colonoscopy was different for 
each patient because this study was retrospective. 

To assess mucosal healing, follow-up colonoscopy was 
routinely performed after clinical remission in UC patients 
whose corticosteroid dose were completely tapered off.

AZA and 6-MP were administered as thiopurines. We 
generally administered AZA, and we used 6-MP in patients 
intolerant to AZA. The thiopurine dose was optimized to 
achieve a white blood cell count between 3,000 and 5,000/mL 
or a 6-thioguanine nucleotide concentration between 235 
and 450 pmol/8×108 erythrocytes. For UC patients enrolled 
in this study, induction treatments included 5-ASA, cortico-
steroids, GMAA, and calcineurin inhibitors such as tacroli-
mus and cyclosporine. The tacrolimus dose was adjusted 
to produce consistent trough levels of 10 to 15 ng/mL, and 
the dose of cyclosporine was adjusted to produce consistent 
trough levels of 150 to 250 ng/mL.

3. Assessment

The primary endpoint of this study was the remission-
maintenance rate with thiopurine and 5-ASA in the UC 
patients. Secondary endpoints were the predictive factors, 
namely flare-up, mucosal healing rate, and colectomy-free 
survival in UC patients treated with thiopurine and 5-ASA.

4. Statistical Analysis

Normally distributed continuous variables were analyzed 
by using Student’s t -test, and nonparametric data were ana-
lyzed with Wilcoxon’s rank sum test. Categorical variables 
were analyzed by using Pearson’s chi-square test or Fisher’s 
exact test if any cell number was less than 5. A P<0.05 was 
considered as statistically significant. Cumulative colecto-
my-free and remission-maintenance rates were assessed by 
using the Kaplan-Meier method, and groups were compared 
by using the log-rank test stratified by study. Predictive fac-
tors were analyzed with multivariate statistics by using Cox 
regression. All analyses were performed by using the Stat-
view software (SAS Institute, Cary, NC, USA).
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RESULTS

1. Patient Characteristics

Of the 87 UC patients who received various induction 
therapies, including 5-ASA, GMAA, corticosteroids, or cal-
cineurin inhibitors, 68 (78.2%) achieved a clinical response 
with induction treatment and thiopurine. Of the 68 patients, 
59 (67.8%) maintained clinical remission with thiopurine 
and 5-ASA after tapering the dose in the induction treatment 
(Fig. 1A). Of these 59 patients, 3 (5.1%) discontinued thiopu-
rine treatment because of adverse events, and the remaining 
56 patients (94.9%) were evaluated in the present study.

The characteristics of the 56 patients who were undergo-

ing maintenance therapy with thiopurine and 5-ASA are 
shown in Table 1. Of the 56 patients, 38 (67.9%) were men 
and 18 (32.2%) were women, with a median age of 31.5 years 
(range, 13−83 years). The median disease duration from 
diagnosis of UC to initiation of thiopurine treatment was 
33.5 months (range, 1−292 months). Three of the 56 patients  
(5.4%) had proctitis, 16 (28.6%) had left-sided colitis, and 
the remaining 37 (66.0%) had extensive colitis. Of the 56 pa-
tients, 39 (69.6%) had refractory UC (steroid dependent in 30 
patients [76.9%] and steroid refractory in 9 patients [23.1%]). 
The median MTWSI score at the initiation of the thiopurine 
treatment was 5.0 points (range, 0−13 points). The median 
Mayo endoscopic score at the time of thiopurine initiation 
was 2.0 points (range, 1−3 points). In 52 (94.5%) of the 56 
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Fig. 1. Flow chart and cumurative remission maintenance and colectomy-free rate. (A) Clinical course of the patients with UC who were enrolled in 
this study. Of the 87 patients with UC who received various induction therapies, including 5-aminosalicylate (5-ASA), granulocyte-monocyte adsorp-
tion apheresis (GMAA), corticosteroids, and calcineurin inhibitors, 68 (78.2%) achieved a clinical response with induction treatment and thiopurine. 
Fifty-nine patients (67.8%) achieved clinical remission with thiopurine and 5-ASA after tapering the dose in the induction treatment, and 56 patients 
(64.4%) continued maintenance treatment with thiopurine. (B) Cumulative remission-maintenance rate. The cumulative remission-maintenance rate 
in 59 patients treated with thiopurine and 5-ASA after tapering the dose in the induction treatment was estimated to be 43.9% at 84 months. (C) Sur-
vival. The cumulative colectomy-free survival rate in the UC patients whose remission was maintained with thiopurine and 5-ASA was estimated to be 
88.0% at 84 months.
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patients, 5-ASA was used for induction treatment. GMAA 
was used in 4 (7.1%), corticosteroids in 26 (46.4%), and a cal-
cineurin inhibitor (tacrolimus/cyclosporine) in 14 (25.0%).

2. Clinical Remission Maintenance in UC Patients Who  
   Were Receiving Thiopurine and 5-ASA as Mainte- 
     nance Treatment

Of the 56 patients, 47 (83.9%) were treated with AZA and 
9 (16.1%) were treated with 6-MP. The median dose of thio-
purine during the maintenance treatment was 50 mg (range, 
10−135 mg), although 4 patients (7.1%) received concomi-
tant allopurinol to increase the 6-thioguanine nucleotide 

concentration. 6-Thioguanine nucleotide concentration 
was evaluated in 37 (66.1%) of the 56 patients, and the me-
dian 6-thioguanine nucleotide concentration was 358.8 
pmol/8×108 erythrocytes (range, 50−1,670 pmol/8×108 eryth-
rocytes). In addition, 52 (94.5%) of the 56 patients received 
concomitant 5-ASA, and the median 5-ASA dose was 3,000 
mg (range, 250−4,000 mg) during thiopurine maintenance 
treatment.

Of the 56 patients, 37 (66.1%) were maintained in clinical 
remission with thiopurine and 5-ASA (remission group), 
while 19 (33.9%) had a UC relapse during the study period 
(relapse group). Six UC patients discontinued thiopurine 
due to adverse events. However, 3 of them experienced a UC 

Table 1. Demographic and Clinical Characteristics of the Patients With UC and the Patients in the Remission and Relapse Groups Treated With 
Thiopurine and 5-Aminosalicylate (5-ASA) 

All
(n=56)

Remission group
(n=37)

Relapse group
(n=19) P-value

Sex (men/women) 38 (67.9)/18 (32.2) 25 (67.6)/12 (32.4) 13 (68.4)/6 (31.6) 0.940

Age (yr) 31.5 (13.0–83.0) 36.0 (13.0–83.0) 26.0 (18.0–56.0) 0.070

Disease duration (mo)* 33.5 (1.0–292.0) 40.0 (1.0–292.0) 15.0 (1.0–110.0) 0.080

Modified Truelove and Witts Severity Index* 5.0 (1.0–13.0) 5.0 (1.0–13.0) 5.0 (2.0–10.0) 1.000

Mayo score (endoscopy)* 2.0 (1.0–3.0) 2.0 (1.0–3.0) 3.0 (1.0–3.0) 0.340

Extent of disease

   Proctitis 3 (5.4) 3 (8.1) 0 (0.0) 0.240

   Left-side type 16 (28.6) 14 (37.8) 2 (10.5) 0.070

   Extensive colitis 37 (66.0) 20 (54.1) 17 (89.5) 0.020

Refractory UC 39 (69.6) 25 (64.1) 14 (82.4) 0.170

Induction treatment

   Concomitant use of 5-ASA 52 (94.5) 35 (94.6) 17 (89.5) 0.480

   GMAA 4 (7.1) 2 (5.1) 2 (11.8) 0.380

   Corticosteroids 26 (46.4) 14 (35.9) 12 (70.6) 0.020

   Calcineurin-inhibitor 14 (25.0) 10 (25.6) 4 (23.5) 0.910

History of treatment with a corticosteroid dosage ≥40 mg/day 20 (35.7) 8 (20.5) 12 (70.6) <0.001

Laboratory examination

   White blood cell count (/μL) 6,500 (4,100–14,600) 6,450 (4,100–13,100) 6,950 (5,200–14,600) 0.580

   Hemoglobin level (g/dL) 12.1 (8.2–15.2) 12.0 (8.2–14.8) 12.6 (9.2–15.2) 0.590

   MCV delta values for 3 months after initiating thiopurines (fL) 2.5 (−6.9 to 14.8) 2.8 (−6.9 to 14.8) 0.8 (−6.9 to 9.1) 0.240

   CRP concentration (mg/dL) 0.3 (0.0–3.3) 0.3 (0–3.3) 0.3 (0.0–1.0) 0.480

The numbers of patients are shown, and the % values are percentages of the total available data.
*Data are presented as median (range). The P-value was evaluated between the remission and relapse groups.
GMAA, granulocyte-monocyte adsorption apheresis; MCV, mean corpuscular volume.
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relapse at the onset of adverse events and were included in 
the relapse group (Fig. 1A). The median follow-up duration 
after initiating thiopurine in the 56 patients who achieved 
clinical remission was 33.0 months (range, 4−143 months). 
Based on the Kaplan-Meier analysis, the cumulative remis-
sion-maintenance rates in the 56 patients treated with thio-

purine and 5-ASA after the dose in the induction treatment 
was tapered were estimated to be 43.9% at 84 months, 94.3% 
at 6 months, 84.6% at 12 months, 69.0% at 24 months, 54.9% 
at 48 months, 54.9% at 72 months, and 43.9% at 84 months, 
respectively (Fig. 1B).

Table 3. Demographic and Clinical Characteristics of the Patients With UC Treated With Thiopurine and 5-Aminosalicylate (5-ASA) in the Mucosal 
Healing and Non-Mucosal Healing Groups 

Mucosal healing
 (n=23)

Non-mucosal healing
(n=15) P-value

Sex (men/women) 16 (69.6)/7 (30.4) 10 (66.7)/5 (33.3) 0.85

Age (yr) 41.0 (18.0–83.0) 28.0 (20–58) 0.07

Disease duration (mo)* 28.0 (1.0–151.0) 63.0 (1.0–292.0) 0.24

Modified Truelove and Witts Severity Index* 5.0 (1.0–10.0) 5.0 (1.0–13.0) 0.85

Mayo score (endoscopy)* 3.0 (1.0–3.0) 2.0 (1.0–3.0) 0.89

Extent of disease

   Proctitis 1 (4.4) 1 (6.7) 0.75

   Left sided type 5 (21.7) 5 (33.3) 0.43

   Extensive colitis 17 (73.9) 9 (60.0) 0.37

Refractory UC 17 (73.9) 9 (60.0) 0.37

Induction treatment

   5-ASA 22 (95.7) 14 (93.3) 0.75

   GMAA 2 (8.7) 0 (0.0) 0.24

   Corticosteroids 7 (56.5) 10 (66.6) 0.55

   Calcineurin-inhibitor 6 (2.6) 4 (26.7) 0.63

History of treatment with a corticosteroid dosage ≥40 mg/day 7 (56.5) 8 (80.0) 0.16

Laboratory examination

   White blood cell count (/μL) 6,450 (4,000–14,600) 7,300 (4,500–13,100) 0.66

   Hemoglobin level (g/dL) 12.3 (8.2–14.8) 12.2 (9.0–15.2) 0.85

   MCV delta values 3 months after initiating thiopurines (fL) 3.0 (−6.9 to 12.3) 2.6 (−6.9 to 9.0) 0.34

   CRP concentration (mg/dL) 0.5 (0.1–2.3) 1.1 (0.0–6.6) 0.12

The numbers of patients are shown, and the % values are percentages of the total available data.
*Data are presented as mean ± standard deviation values.
GMAA, granulocyte-monocyte adsorption apheresis; MCV, mean corpuscular volume.

Table 2. Predictive Factors of Remission Maintenance With Thiopurine and 5-Aminosalicylate Treatment

Hazard ratio 95% CI P-value

Age 1.02 0.98–1.06 0.90

Disease duration 0.99 0.98–1.00 0.98

Left–sided colitis 0.24 0.05–1.11 0.07

Induction treatment with corticosteroids 0.72 0.25–2.09 0.54

No history of treatment with a corticosteroid dosage ≥40 mg/day 3.76 1.30–10.88 0.01

Every item was evaluated at the time thiopurine treatment was initiated.
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3. Predictive Factors of Maintaining Remission With  
      Thiopurine

To evaluate the predictive factors of maintaining remission 
with thiopurine, we evaluated the differences in the patient 
characteristics between the remission and relapse groups. 
The number of UC patients with a history of corticosteroid 
use (≥40 mg/day) differed significantly between the remis-
sion and relapse groups (Table 1). According to the Kaplan-
Meier analysis, the cumulative remission-maintenance rate 
was significantly lower in the UC patients with than in those 
without a history of treatment with a corticosteroid dosage 
≥40 mg/day (12.1% at 83 months vs. 51.5% at 84 months, 
P=0.032). Moreover, the multivariate analysis using Cox 
regression suggested that history of treatment with a corti-
costeroid dosage ≥40 mg/day was indicated as a negative 
predictive factor of clinical remission maintenance in UC 
patients (hazard ratio, 3.76; P=0.01) (Table 2).

4. Mucosal Healing for UC Patients Receiving Mainten- 
    ance Treatment With Thiopurine and 5-ASA

Of the 56 UC patients, 38 (67.9%) underwent colonoscopy 
to evaluate mucosal healing, and the median time to assess-
ing mucosal healing after initiating thiopurine agents was 
26.8 months (range, 1−84 months). Among the 38 patients, 
23 (60.5%) achieved mucosal healing (mucosal healing 
group) and 15 (39.5%) did not achieve mucosal healing 
(non-mucosal healing group). To evaluate the predictive fac-
tors of mucosal healing in the UC patients who maintained 
clinical remission with thiopurine, we analyzed the differ-
ences in patient characteristics between the mucosal and 
non-mucosal healing groups. The serum CRP concentration 
and number of UC patients with a history of corticosteroid 
treatment ≥40 mg/day tended to be greater in the non-
mucosal healing group than in the mucosal healing group, 
although no significant differences in patient characteristics 
were observed between the mucosal and non-mucosal 

healing groups (Table 3). Based on the multivariate analysis 
(Table 4), CRP elevation was a negative factor of mucosal 
healing (hazard ratio, 1.46; P=0.03).

5. Colectomy-Free Rate Among UC Patients Who Achi- 
    eved Steroid-Free Remission With Thiopurine and  
     5-ASA

Of the 56 patients, 2 (3.6%) underwent colectomy due 
to a UC relapse under steroid-free remission. Based on the 
Kaplan-Meier analysis, the estimated cumulative colectomy-
free rate of the UC patients whose remission was maintained 
with thiopurine was 88.0% at 84 months (Fig. 1C).

Table 4. Predictive Alaility of Mucosal Healing  With Thiopurine and 5-Aminosalicylate Treatment

Hazard ratio 95% CI P-value

Age 0.99 0.93–1.04 0.63

Disease duration 1.01 0.99–1.02 0.83

Induction treatment with corticosteroids 3.28 0.80–13.40 0.99

No history of treatment with a corticosteroid dosage ≥40 mg/day 3.81 0.88–16.42 0.07

Serum CRP 1.46 1.03–2.06 0.03

Every item was evaluated at the time thiopurine treatment was initiated.

Table 5. Adverse Events During the Study Period According to Treat
ment With Thiopurine and 5-Aminosalicylate

Adverse events

Death 0

Infections

   Pneumonia 1

   Infectious mononucleosis 1

Gastroenterology and hepatology

   Nausea 4

   Liver dysfunction 4

   Pancreatitis 1

Hematology

   Leukopenia 3

   Anemia 2

Dermatology

   Depilation 1

Total events 17 (28.8)

The numbers of adverse events are shown, not the numbers of patients, 
and % values are percentage of total of available data.
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6. Adverse Events

Adverse events occurred in 17 (28.8%) of the 59 patients 
who achieved clinical remission with thiopurine and 5-ASA 
(Table 5). Moreover, 6 (10.2%) of the 59 patients discontin-
ued thiopurine treatment because of adverse events. Ad-
verse events requiring withdrawal of thiopurine treatment 
included infectious mononucleosis (1 patient, 1.7%), nausea 
(1 patients, 1.7%), liver dysfunction (2 patients, 3.4%), pan-
creatitis (1 patient, 1.7%), and leukopenia (1 patients, 1.7%). 
All of the patients recovered from adverse events upon dis-
continuation of thiopurine, and no mortality due to adverse 
events occurred during the follow-up.

DISCUSSION

The findings of the present study demonstrate the long-
term efficacy and safety of thiopurine for maintaining remis-
sion in bio-naive UC patients. A history of treatment with 
high-dose corticosteroids affects both the maintenance of 
remission and mucosal healing in bio-naive UC patients 
treated with thiopurine.

Recently, many papers reported the efficacy of biologics 
for the induction and maintenance of remission in refractory 
UC patients.13-19 Induction and maintenance of long-term 
remission in patients with mild to moderate bio-naive UC, 
however, should also be considered. Controlled studies have 
demonstrated that thiopurines are effective for steroid taper-
ing and maintenance of remission in UC patients.11 Several 
meta-analyses also demonstrated the efficacy of thiopurine 
for the induction and maintenance of remission in UC.9-12,25,26 
In the present study, clinical remission was maintained with 
thiopurine in 66.1% of the bio-naive UC patients, suggesting 
the high efficacy of thiopurine for maintenance of remission 
in UC patients.

The identification of UC patients in whom clinical remis-
sion can be maintained with thiopurine is highly important 
for long-term treatment of UC. Nquyen et al. reported that 
factors such as age, sex, patient adherence, duration of treat-
ment with thiopurine, erythrocyte count, and erythrocyte 
sedimentation rate could not predict the efficacy of thiopu-
rine.27 Interestingly, our data revealed that corticosteroid 
treatment, particularly in those with a history of high-dose 
corticosteroid use, might be a negative predictive factor of 
maintaining remission with thiopurine in UC patients. Thus, 
high-dose corticosteroids should be avoided for successful 
management of UC patients.

The aims of UC treatment should include the promotion 

of mucosal healing and the induction and maintenance 
of clinical remission, because several reports indicate that 
mucosal healing reduces the rate of hospitalization and col-
ectomy, improving patient quality of life.13,28,29 Data regarding 
the usefulness of thiopurine for achieving and maintaining 
mucosal healing in UC patients, however, are limited. In a 
cohort study with a small number of UC patients reported 
by Lopez et al., 60% of UC patients who maintained remis-
sion with thiopurine also achieved and maintained mucosal 
healing.28 Endoscopic activity might be predictive of flare-
up in UC patients, even if clinical remission is maintained. 
The present study revealed that the mucosal healing rate 
in UC patients who maintained remission with thiopurine 
treatment (60.5%) was similar to that in the study of Lopez et 
al.28 and suggests that a high CRP concentration is a negative 
predictor of mucosal healing. Previous studies demonstrated 
the positive correlation between CRP level and the drgree of 
mucosal inflammation evaluated by using endoscopy, espe-
cially in severe UC.30-32 High doses and long-term use of cor-
ticosteroids could affect epithelial regeneration by inhibiting 
nuclear factor kappa B activation in epithelial cells,33 even if 
thiopurines are selected for maintenance treatment. In this 
regard, the use of high-dose corticosteroids for the treatment 
of UC should be avoided as much as possible.

Previous reports indicated that treatment with thiopurine 
may increase the risk of life-threatening adverse events, par-
ticularly malignancies.34-37 The guidelines of the European 
Crohn’s and Colitis Organization, however, recommend 
thiopurine as a first-line treatment for refractory UC pa-
tients who experience a UC flare-up during corticosteroid 
withdrawal.38 In the present study, adverse events occurred 
in 27.1% of the UC patients treated with thiopurine. The 
frequency of adverse events in our study was similar to that 
in previous reports26,34,35 Moreover, no life-threatening infec-
tions or malignancies occurred in the observational period 
(7 years). Roblin et al.39 reported that an optimal dose of thio-
purine might help to prevent severe adverse events. There-
fore, monitoring 6-thioguanine nucleotide levels is required 
for maintenance of long-term remission and the prevention 
of adverse events in UC patients treated with thiopurine.

The present study has several limitations, including the 
small number of patients and the single-center, retrospective 
design. In addition, the time to assess endoscopic activity 
after achieving clinical remission varied. Therefore, our data 
should be interpreted with caution, and further studies with 
a larger number of enrolled patients are required.

In conclusion, our long-term observational data indicate 
that thiopurine is useful for maintaining remission and pro-
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moting mucosal healing in bio-naive UC patients. Optimal 
use of thiopurine will contribute to long-term remission in 
bio-naive UC patients.
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Supplemental Table 1. Modified Truelove and Witts Severity Index Score

Score 0 1 2 3 4 5

Bowel movement 0–2 3–4 5–6 7–9 ≤10

Nocturnal diarrhea No Yes

Visible blood in stool (%) 0 <50 ≤50 100

Abdominal tenderness None Mild Moderate Severe

Abdominal pain/cramping None Mild Moderate Severe

Need for antidiarrheals No Yes

General status Perfect Very good Good Average Poor Terrible

Fecal incontinence No Yes

Severe disease, ≤12; mild to moderate, 5–11; remission category, ≤4


