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Low-dose azathioprine effectively improves mucosal healing
in Chinese patients with small bowel Crohn’s disease
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OBJECTIVE: To evaluate mucosal healing after
24-month low-dose azathioprine (AZA) treatment in
Chinese patients with moderate small bowel Crohn’s
disease (CD).

METHODS: Patients with lesions mainly located at
the ileum were screened by baseline multislice com-
puted tomography enterography and anal-route
double-balloon enteroscopy (DBE). They were naive
to any immunomodulators and biological agents
before the enrollment. Lesions from 150 cm of the
terminal ileum proximal to ileocecal valve were
assessed by DBE with the simple endoscopic score for
CD (SES-CD) after 12 and 24 months of low-dose AZA
treatment, respectively.

RESULTS: The average maximal tolerance dose of
AZA was 61.8 ± 17.2 mg/day. The total rates of

complete, near-complete, partial and no mucosal
healing in 36 patients were 19.4%, 5.6%, 27.8% and
47.2% at month 12 and 30.6%, 25.0%, 33.3% and
11.1% at month 24, respectively. The baseline SES-CD
(odds ratio [OR] 2.71, 95% confidence interval [CI]
1.11–6.63, P = 0.029) and duration of disease (OR
1.27, 95% CI 1.10–1.47, P = 0.001) were two relevant
factors associated with the mucosal healing of patients
with small bowel CD.

CONCLUSION: A 24-month low-dose AZA regimen
as maintenance treatment in moderate small bowel
CD could achieve a higher mucosal healing rate than
that of 12-month treatment in Chinese patients, espe-
cially in those with duration of disease less than 12
months and a baseline SES-CD of 5 or 6.
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INTRODUCTION

Mucosal healing is an important indicator to evaluate
the efficacy of treatment for Crohn’s disease (CD). It is
also a predictor of the delayed onset of complications
and a decreased need for surgery.1 Therefore, mucosal
healing is presently utilized as a therapeutic end-
point in many clinical trials and is increasingly
applied in daily practice as well.2–4 However, nearly
30% of CD patients have lesions predominantly in the
small bowel,5 where mucosal healing cannot be effi-
ciently assessed by conventional ileocolonscopy
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due to the limitations of this procedure. Double-
balloon enteroscopy (DBE) is a revolutionary tech-
nique that could be successfully introduced into the
deep part of the small bowel, making it possible not
only to diagnose diseases but also to evaluate disease
activity and therapeutic effects of the drugs after
treatment.6,7

Azathioprine (AZA), as one of the most common
immunomodulator drugs for CD, is suitable primarily
for maintaining remission and preventing recurrence.
There is cumulative evidence showing that therapies
with AZA and infliximab (IFX) can achieve long-term
mucosal healing of ulcers in the colon and terminal
ileum.3,4 However, the results of these studies cannot
be simply translated and applied to predict the clinical
outcomes of small bowel CD. The recommended dose
of AZA is 2.0–3.0 mg/kg/day in many European and
American reports.2–4,8–10 Although most Chinese
patients may obtain good therapeutic outcomes with
the abovementioned dose, their prevalence and sever-
ity of adverse events are higher compared with the
Western patients.11 In our previous study a dose
step-up strategy was carried out by gradually increas-
ing the dose of AZA from 25 mg/day to the maximal
tolerance dose (MTD) under a close monitoring of the
patients’ laboratory results. The average MTD of AZA
in 178 CD patients was 1.24 ± 0.16 mg/kg/day,12

showing that most Chinese CD patients had a good
tolerance of low-dose AZA treatment (1.0–1.5 mg/kg/
day) and could achieve medium-term and long-term
clinical efficacy under the recommended dose.

In this prospective study we aimed to evaluate
mucosal healing in CD patients having lesions pre-
dominantly involving the ileum who were treated
with low-dose AZA by DBE through the anal route,
and to investigate the clinical outcomes after a
24-month low-dose AZA treatment and the factors
associated with the therapeutic efficacy of AZA.

PATIENTS AND METHODS

Patients

Patients with suspected small bowel CD aged from 18
to 65 years were screened. The severity and extent of
the lesions were evaluated by multislice computed
tomography enterography (MSCTE) and DBE via the
anal route. Patients with active disease (a Crohn’s
disease activity index [CDAI] score of ≥220 and <450)
mainly located at the ileum, including single luminal
narrowing or short-segment stenosis were eligible for

the study. They were naive to any immunomodu-
lators such as AZA, 6-mercaptopurine (6-MP) or
methotrexate and biological agents. Exclusion criteria
were: (i) no response to steroids treatment for one
month; (ii) severe side effects with AZA; (iii) uncon-
trolled disease activity after treated with AZA for 6
months; (iv) total small bowel obstruction; (v) posi-
tive T-SPOT.TB test or evidence of active tuberculosis;
(vi) a history of tumor; (vii) pregnancy or lactation;
(viii) chronic hepatic or renal dysfunction.

Study design

This study was prospectively conducted from January
2007 to June 2010. DBE was performed prior to the
study as a baseline examination and was repeated at
approximately 12 and 24 months after AZA therapy,
respectively. The primary outcome was defined as
mucosal healing, including the amelioration of ulcers
and single luminal narrowing or short-segment
stenosis at month 24. Low-dose AZA treatment was
maintained even after complete mucosal healing was
achieved within 12 months. The DBE follow-up in the
last patient was carried out in July 2012. The study
protocol was approved by the Institutional Ethics
Committee and informed consent was obtained from
each patient.

All the enrolled patients were subjected to
corticosteroid induction therapy. The initial dose
(0.75–1.0 mg/kg/day) of prednisolone was prescribed
for 2–4 weeks, followed by tapering by 2.5 mg per 1–2
weeks until its discontinuation. When the dose of
prednisolone began to taper, AZA (Imuran, Pro-
metheus Laboratories, San Diego, CA, USA) was intro-
duced at a dose of 25 mg/day for 2 weeks and was
then increased by 25 mg at a 2-week interval unless
the patient’s peripheral white blood cell count was
decreased or other adverse events (such as obvious
abnormality of liver function, alopecia and meno-
lipsis) occurred.

Low-dose prednisolone (<0.5 mg/kg/day) was
repeated for flare-up in patients with clinical remis-
sion or in response to 6-month AZA therapy when
its dose was gradually tapered as described above.
In all, 16 patients received total parenteral nutrition
for 2–4 weeks for symptom relief prior to the initia-
tion of the study drug. During the 24 months of
AZA therapy, 5-aminosalicyclic acid (5-ASA; via tablets
or a suppository) and/or enteral nutrition was used
as supportive supplementation in several patients
intermittently.
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All patients were assessed at the Outpatient Center
twice a month during the first 3 months of treatment
and at monthly or bimonthly visits afterwards. At each
visit the CDAI score was calculated and the patients
were asked to complete a questionnaire containing
items on their overall well-being and laboratory
examinations were routinely checked up, including
blood tests, C-reactive protein (CRP), liver and renal
functions. In addition, drug-related adverse events,
comorbidities and any disease-related management
issues were recorded.

Evaluation of clinical efficacy

Clinical remission was defined as a decreased CDAI
score >150 but <220. Clinical response was defined as
a decrease from baseline CDAI score of >70–100.13 A
flare-up was defined as any changes in the disease
course that required unscheduled visit or admission to
hospital and adjustment of medication. Relapse was
defined as the recurrence of the symptoms, resulting
in an increase in the CDAI score of >100. The clinical
efficacy of AZA was evaluated at month 6.

Evaluation of endoscopic mucosal healing

The findings of DBE were assessed and scored by two
endoscopists using the simple endoscopic score for
CD (SES-CD system).14 In this study the lesions for
endoscopic evaluation were mainly selected from
150 cm of the terminal ileum proximal to the
ileocecal valve with DBE via anal route. At least three
typical lesions were assessed and recorded, which were
correspondingly compared after AZA therapy.

The criteria for the evaluation of mucosal healing
included the four categories described by D’Haens
et al.8 The improvement of luminal narrowing after
AZA therapy was also evaluated. Complete mucosal
healing was defined as the disappearance of all lesions
at the follow-up enteroscopy in patients with ulcers at
baseline DBE (SES-CD = 0). Near-complete healing
was defined as a marked endoscopic improvement but
aphthous ulcers (<0.5 cm) or erosions in the absence
of stenosis and the affected segment was less than 50%
(SES-CD = 3). Partial mucosal healing was defined as
<50% affected areas and the size of the biggest ulcer of
<2 cm, but considerable numbers of ulcers still per-
sisted and single luminal narrowing could be observed
but was passable by DBE (SES-CD = 4–5). Unchanged
or worse condition was defined as lesions that were
similar to or more severe than the baseline findings

and unimproved short-segment stenosis (SES-
CD ≥ 6).

Statistical analysis

Statistical analyses were performed using SPSS 17.0
(SPSS Inc., Chicago, IL, USA). Quantitative variables
were expressed as mean ± standard deviation (SD)
and were compared by ANOVA. Univariate and multi-
variate logistic regression analysis were performed to
evaluate the association between endoscopic mucosal
healing (0, complete and near-complete healing; 1,
partial and no healing) and factors, such as age (<40
and ≥40 years), gender, smoking (yes/no), duration
of disease (<1 and ≥1 year) and baseline SES-CD.
P ≤ 0.05 was regarded as statistical significant.

RESULTS

A total of 45 patients with moderate small bowel CD
confirmed by MSCTE and DBE screening were
recruited in our study. Seven patients were excluded
before the first DBE follow-up due to severe adverse
events to AZA (n = 6) and uncontrolled disease activity
after treated with AZA for 6 months (n = 1). Another
two patients were withdrawn because no mucosal
healing was achieved at month 12. Finally, 36 patients
(25 men and 11 women) completed the trial (Fig. 1).
Their characteristics and clinical data are shown in
Table 1. The mean age of the patients was 31.6 ± 8.6
years (range 17–45 years). The mean duration of
disease was 18.9 ± 11.0 months (range 5–38 months).
The average baseline score of SES-CD was 6.3 ± 1.1
(range 5–9). There were 7 patients with a baseline
SES-CD of 5, 17 patients with a baseline SES-CD of 6
and 12 patients with a baseline SES-CD of 7–9.
The baseline CDAI was 305 ± 42 and CRP was
26 ± 5.1 mg/L.

In this study the average MTD of AZA in the remission
period was 61.8 ± 17.2 mg/day. After having been
treated with AZA for 2–3 months, the participants’
CRP returned to normal levels. At month 6, 26
patients (72.2%) achieved clinical remission and the
other 10 (27.8%) had a clinical response.

At month 12, complete mucosal healing was observed
in 7 patients (19.4%), near-complete healing in 2
(5.6%), partial healing in 10 (27.8%) and no healing
in 17 (47.2%) (Fig. 2a). All patients with a baseline
SES-CD of 5 (n = 7) had complete mucosal healing
(Fig. 3a). However, in patients with a baseline SES-CD
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of 6, the proportion of patients with complete, near-
complete, partial healing and no change was 0, 11.8%
(2/17), 47.0% (8/17) and 41.2% (7/17), respectively
(Fig. 2b). No patient with a baseline SES-CD of 7–9
achieved complete or near-complete mucosal healing
at month 12, and the proportion of the patients with

Figure 1. Flowchart of baseline screening of Crohn’s
disease (CD) patients by multislice computed tomography
enterography and anal-route double-balloon enteroscopy
(DBE) and evaluation of mucosal healing after 12 months
and 24 months of low-dose azathioprine treatment,
respectively.

Table 1. Baseline characteristics of patients (N = 36)

Gender, n (male/female) 25/11
Age at diagnosis, years

(mean ± SD [range])
31.6 ± 8.6 (17–45)

Smokers, n (%) 9 (25.0)
Perianal lesion, n (%) 7 (19.4)
Stenosis, n (%) 12 (33.3)
Disease duration, months

(mean ± SD [range])
18.9 ± 11.0 (5–38)

SES-CD at inclusion, n
5 7
6 17
7–9 12

CDAI at inclusion 305 ± 42
C-reactive protein, mg/L (mean ± SD) 26 ± 5.1

CDAI, Crohn’s disease activity index; SD, standard deviation; SES-
CD, simple endoscopic score for Crohn’s disease.

Figure 2. Effect of low-dose azathioprine on mucosal
healing in patients with moderate small bowel Crohn’s
disease at month 12 and 24, respectively. (a) The rates of
complete, near-complete, partial and no mucosal healing for
all included patients (n = 36). (b) Corresponding rates for
patients with a baseline simple endoscopic score for Crohn’s
disease (SES-CD) of 5–6 (n = 24). (c) Corresponding rates
for patients with baseline SES-CD of 7–9 (n = 12).

, complete healing; , near-complete healing; , partial
healing; , no healing.
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partial healing and no change was 16.7% (2/12) and
83.3% (10/12), respectively (Fig. 2c).

The rate of complete/near-complete mucosal healing
at month 24 was much higher than that at month 12.
Of the 36 patients, complete healing was observed in
11 (30.6%), near-complete healing in 9 (25.0%),
partial healing in 12 (33.3%) and no healing in 4
(11.1%). None of the patients with baseline SES-CD
of 5 (n = 7) had a recurrence at month 24. Four
patients with a baseline SES-CD of 6 achieved com-
plete healing (Fig. 3b). The corresponding propor-
tions of patients with a baseline SES-CD of 5–6 who
had complete, near-complete and partial healing were
45.8% (11/24), 20.9% (5/24) and 33.3% (8/24),
respectively (Fig. 2b). No patients with a baseline
SES-CD of 7–9 achieved complete healing after 24
months of treatment. Near-complete healing, partial
healing and no change were found in 4, 4 and 4
patients, respectively (Fig. 2c). The univariate logistic
regression analysis showed that complete or near-
complete healing of the ileum mucosa was associated
with the baseline SES-CD (odds ratio [OR] 2.71, 95%
confidence interval [CI] 1.11–6.63, P = 0.029).

The mean duration of the disease differed significantly
among patients with the baseline SES-CD of 5
(9.1 ± 2.3 months), SES-CD of 6 (17.9 ± 9.5 months)
and SES-CD of 7–9 (27.4 ± 8.4 months) (P < 0.05).
According to the disease duration, the 36 patients
were divided into two groups. Those whose disease
duration was <12 months were assigned to group A
(n = 12) and the others were assigned to group B (≥12
months, n = 24). Group A had a good response to
low-dose AZA treatment; after 24 months of AZA
therapy, 9 patients (75.0%) achieved complete
mucosal healing and the other 3 (25.0%) achieved
near-complete healing. However, the result was poor
for patients in group B. The proportion of patients
having complete and near-complete healing was only
33.3% (8/24), while those of patients with partial
healing and no change were 50.0% (12/24) and
16.7% (4/24), respectively. Multivariate logistic regres-
sion analysis indicated that the only factor associated
with the complete or near-complete healing of the
ileum mucosa was disease duration (OR 1.27, 95% CI
1.10–1.47, P = 0.001).

There were six patients with large ulcers (>2 cm), but
the affected segment was <50% without stenosis
(baseline SES-CD of 6). After 24 months of treatment,
near-complete healing was observed in two patients
and partial healing in four patients. Among patients
with single luminal narrowing or short-segment
stenosis (baseline SES-CD of 7–9), near-complete
healing was achieved in 2 of the 12 patients (the single
luminal narrowing disappeared after treatment) and
partial healing was obtained in 6 of the 12 patients.
The remaining 4 patients with large ulcers (>2 cm)
and/or short segment stenosis originally were judged
as not having healed (the baseline scores of their
SES-CD decreased from 8–9 to 6–7). In these patients,
although the ulcers became smaller, the narrowing of
the affected segment remained unchanged after 24
months of AZA therapy. Only 2 of 16 patients with
partial or no healing developed disease relapse, and
the symptoms were alleviated with the repeated
administration of low-dose prednisone.

DISCUSSION

Currently, AZA is still widely applied for the treatment
of active and moderate CD to achieve or maintain
remission, especially in developing countries,
although its therapeutic effect appears slowly. This
prospective study was performed in Chinese patients
who were naive to immunomodulators and biological
agents before their enrollment into the study with

Figure 3. Double-balloon enteroscopy showing complete
mucosal healing achieved after low-dose azathio-
prine treatment in two patients. (a) A patient with a baseline
simple endoscopic score for Crohn’s disease (SES-CD) of 5
after 12 months of treatment. (b) Another patient with a
baseline SES-CD of 6 after 24 months of treatment.
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moderate CD predominantly in the ileum. After
6-month low-dose AZA treatment, 72.2% (26/36) of
the patients achieved clinical remission and the
remainder had a clinical response. However, the pro-
portions of patients with complete, near-complete,
partial and no healing at month 24 were 30.6%,
25.0%, 33.3% and 11.1%, respectively, showing that
the mucosal healing in small bowel CD observed by
DBE follow-up took a much longer duration of time
than clinical remission (even when the symptoms
were relieved and CRP returned to normal levels).

In our study, the optimal dose of AZA for the mainte-
nance of remission was determined individually, and
we further investigated the therapeutic healing effect
in patients with lesions mainly located at the ileum at
month 12 and 24. The results showed that patients
receiving 24-month treatment achieved a much higher
rate of complete healing than 12-month treatment,
especially for those with disease duration < 1 year and
baseline SES-CD ≤ 6. These data suggest that the
healing effect of low-dose AZA is substantially evident
if it is initiated in the early stage of the disease for
active and moderate small bowel CD patients with
baseline SES-CD of 5 or 6.

In our preliminary study, 86 patients diagnosed as CD
by DBE fromApril 2003 to January 2006 were enrolled.
Many of the patients suffered adverse events although
they obtained good therapeutic effects with the recom-
mended dose ofAZA(2.0–3.0 mg/kg/day) in European
and American reports. The total withdrawal rate due to
adverse events was 22.1% (19/86). The overall AZA-
induced adverse events included leukocytopenia,
hepatic dysfunction, fatigue, alopecia and acute
pancreatitis. Afterwards, a dose step-up strategy was
carried out by gradually increasing the dose of AZA
from 25 mg/day to the MTD under a close monitoring
of laboratory results and clinical response. For most
Chinese CD patients, the average MTD of AZA was
1.24 ± 0.16 mg/kg/day, which also could achieve clini-
cal efficacy.12 Recently, Murakami et al.15 reported the
average dose of AZA for Japanese patients with CD was
54.2 ± 18.0 mg/day, which was very similar to that in
the present study (61.8 ± 17.2 mg/day). In Murakami
et al.’s study,15 patients receiving AZA were individuals
with mild to moderate relapse. Most of the patients
(84.9%, 45/53) had colitis and ileocolitis. Their CDAI
before treatment was relatively lower (245.0 ± 60.4),
but the duration of their disease was longer (11.8 ± 7.6
years) than that of the patients in our study. In their
study, only 30.2% (16/53) of patients underwent

follow-up colonoscopy after AZA therapy, among
whom only three patients had small bowel disease.

At present, ileocolonscopy is still the most frequently
used modality for evaluating the mucosal healing of
lesions involving the terminal ileum or colon.1–4,8,9

However, it can only reach up to 20–30 cm of the
terminal ileum, which limits its value in the assess-
ment of lesions deep in the small bowel. The clinical
scenario and outcome of small bowel CD may possess
its own characteristics and might not be covered by
results from studies on colonic CD. Capsule endos-
copy can go through and scan the entire small bowel
but it is not suitable for detecting target or correspond-
ing lesions due to its technical limitations. The main
advantages of DBE are that it can be steered and it is
precise. It can not only find corresponding ulcers in a
specified area but also observe the lesion surface
directly. Therefore, DBE can effectively and precisely
evaluate the healing of ulcers in patients with small
bowel CD, and could thus serve as the standard tool
for the evaluation of mucosal healing in the future. A
study by Mensink et al.7 has demonstrated that DBE is
feasible and safe for assessing small bowel disease
activity and degrees of disease improvement. In our
study the lesions were selected from the ileocecal valve
to 150 cm of the terminal ileum. This segment is the
most frequently affected area of small bowel CD and
can easily and safely be reached by DBE via the anal
route.

Until the time of writing, no validated evaluation
system of mucosa healing, especially for small bowel
CD, has been reported. The SES-CD was applied in our
study for two reasons. First, the size of ulcers and the
extent of ulcerated surface are the best reproducible
endoscopic parameters in the SES-CD system.14 We
chose at least three most typical and severe ulcers for
endoscopic evaluation and the rest of the ulcers might
have similar tendencies of healing simultaneously.
Second, SES-CD includes the classification of different
kinds of luminal stenosis.14 There were 12 patients
with single luminal narrowing or short-segment
stenosis in our study. The results suggest that
24-month low-dose of AZA therapy can maintain sus-
tained clinical remission for these patients, but its
effect on mucosal healing is limited.

At week 26 (month 6) in Colombel et al.’s trial,2

mucosal healing occurred in 43.9% (47/107) of
patients receiving combination therapy (IFX and AZA
compared with IFX monotherapy (30.1%, 28/93)
and AZA monotherapy (16.5%, 18/109). Moreover,
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the step-up/top-down trial demonstrated that at
week 104 (month 24), early combined IFX induction
and AZA maintenance (the top-down regimen)
results in a higher proportion of complete mucosal
healing than the conventional steroid–AZA regimen
(73.1% [19/26] vs 30.4% [7/23], P = 0.028).3 In our
study, after 24-month low-dose AZA treatment, none
of small bowel CD patients with a baseline score of
SES-CD of 7–9 achieved complete healing. If these
patients had received combination therapy (the top-
down regimen) at an earlier stage, a better clinical
improvement and quicker mucosal healing would
have been expected.

Three limitations might be present in our study. First,
thiopurine methyltransferase (TPMT) activity was not
measured prior to the initiation of AZA treatment.
The concentration of AZA would have changed from
a low dose to a high dose in some patients in com-
bination with 5-ASA due to its interference with the
function of TPMT. However, the dose of AZA was
gradually increased from 25 mg/day to MTD under a
close monitoring unless adverse events occurred.
Moreover, the differences in AZA metabolism among
different ethnic groups should be considered.
Second, enteral nutrition was used as a supportive
treatment in some patients. However, it takes more
than 6 months to achieve mucosal healing in active
CD patients, even with IFX treatment. Enteral nutri-
tion might help to achieve clinical remission in 8
weeks with an improvement in the patients’ quality
of life but not mucosal healing.16 Based on this evi-
dence, the effect of the intermittent use of enteral
nutrition on mucosal healing does not play a major
role in mucosal healing and can be ignored in the
present study. Third, AZA dose of 2.0–3.0 mg/kg/day
is recommended for Caucasian patients with CD. As
reported, the dose of AZA used for Asian patients
with ulcerative colitis is lower (1.0 mg/kg/day).17,18

According to the Chinese Consensus for the Diagno-
sis and Treatment of Inflammatory Bowel Disease
published in 2012, no definite dose of AZA has been
suggested. Thus, we did not set a control group with
the dose of 2.0–3.0 mg/kg/day because we cannot
predict whether most Chinese small bowel CD
patients could complete a 24-month treatment when
such a dose is used.

To our knowledge, this is the first study to evaluate
the effect of low-dose AZA on mucosal healing in
Chinese patients with moderate small bowel CD by
DBE. The optimal time point for the first follow-up
by DBE is, according to our experiences, at least 12

months after treatment. Low-dose AZA can be recom-
mended as an effective and safe regimen for Asian
patients with moderate small bowel CD. Moreover,
our results indicated that the determination of medi-
cation largely depends on the patients’ baseline SES-
CD. The stratification of patients with small bowel
CD is a prerequisite for individualized regimens for
optimizing clinical outcomes. For patients with a
baseline SES-CD of 5–6, early treatment with low-
dose AZA is strongly recommended. For patients with
a baseline SES-CD of ≥7 but in the absence of
stenosis or in those who cannot tolerate AZA therapy,
early treatment with IFX alone or in combination
with a lower dose of immunomodulator therapy (IFX
and AZA) is preferable. For patients with a baseline
SES-CD of ≥7 and with single luminal narrowing or
short-segment stenosis, low-dose AZA can be contin-
ued for more than 24 months if a timely positive
response is achieved. Otherwise, surgical intervention
is advised if relapses occur frequently.
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