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ABSTRACT 

Background: The role of azathioprine (AZA) and 6- 
mercaptopurine (6-MP) in the induction of remission in 
patients with ulcerative colitis (UC) remains unclear. 
Aims: To compare the efficacy and safety of low-dose 
thiopurine (AZA/6-MP) and cytapheresis (CAP) for 
the induction of remission in patients with steroid- 
dependent UC. Patients and Methods: We reviewed 
the clinical course of 65 patients with steroid-dependent 
UC with moderate activity, who were treated with 
either low-dose AZA/6-MP (T-group, n = 38) or with 
CAP (C-group, n = 27). The efficacy and safety for 
the first 10 weeks after the start of the therapies were 
compared between the two groups. The cumulative 
probability curves of treatment failure were estimated 
by the Kaplan-Meier method. Clinical remission was 
defined as an ulcerative colitis activity index value of 
less than 150 without any other treatments. Results: 
Neither clinical characteristics, concomitant therapies, 
nor laboratory data (except for serum albumin levels) 
were different between the two groups. The remission 
rate at 10 weeks was not different between the two 
groups (55.3% in the T-group and 70.4% in the 
C-group, p = 0.22 in the intention-to-treat analysis). 
The frequencies of adverse events did not differ be- 
tween the two groups (p = 0.12). The cumulative pro- 
bability of treatment failure at 10 weeks was 44.7% 
for the T-group and 29.6% for the C-group (p = 0.23). 
Conclusions: Low-dose thiopurine therapy is an alter- 
native candidate for the induction of remission in pa- 
tients with steroid-dependent, moderate UC. 
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1. INTRODUCTION 

For patients with steroid-dependent or steroid-refractory 

ulcerative colitis (UC), immunomodulatory agents, such 
as azathioprine (AZA), 6-mercaptopurine (6-MP), cyclo- 
sporine, or methotrexate, have been used for the induc- 
tion and maintenance of clinical remission of the disease 
[1-10]. While thiopurines (AZA/6-MP) are the most 
commonly used agents to maintain clinical remission in 
patients with UC [1,2], the use of AZA/6-MP for in- 
ducing remission of active UC is still controversial [3-8]. 
In Western countries, a dose of AZA at 2.0 - 3.0 mg/ 
kg/day or of 6-MP at 1.0 - 1.5 mg/kg/day has been re- 
commended to obtain a therapeutic efficacy [2,9]. How- 
ever, a much lower dose of AZA (0.6 - 1.2 mg/kg/day) is 
normally sufficient to maintain remission in Japanese 
patients with UC [10]. To date, the efficacy of such a 
low-dose of AZA/6-MP therapy for inducing remission 
in patients with UC has not been fully examined. 

Cytapheresis (CAP) has also been reported to be a 
useful therapy for inducing clinical remission in patients 
with active UC, and is an alternative to systemic cor- 
ticosteroid therapy [11-18]. CAP has been reported to 
reduce inflammation, promote the restoration of the 
intestinal mucosa, and suppress the production of proin- 
flammatory cytokines by removing activated leukocytes 
from the peripheral blood in patients with active UC [11- 
13], although the precise mechanisms underlying its the- 
rapeutic efficacy have not been fully elucidated.  

While both AZA/6-MP and CAP are possible steroid- 
sparing candidate treatments for patients with active UC, 
it has not yet been determined which is superior for the 
induction of remission. In the present study, we retro- 
spectively compared the efficacy and safety of AZA/6- 
MP and CAP in Japanese patients with steroid-dependent 
UC. 

2. PATIENTS AND METHODS 

From April 2000 to October 2008, 126 Japanese patients 
with an established diagnosis of UC were treated with 
either low-dose thiopurines (AZA: 25 - 100 mg/day or 
6-MP: 15 - 40 mg/day; n = 39) or with CAP (n = 87) to *Corresponding author. 
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induce clinical remission at our institution. The disease 
activity was assessed by the ulcerative colitis activity 
index (UCAI) [19], and a value of 150 or greater was 
regarded to indicate active disease. The inclusion criteria 
for the current study were as follows: 1) moderate ac- 
tivity, defined as an UCAI value between 150 and 220 
prior to treatment [19]; 2) a dose of oral prednisolone 
(PSL) ≤ 40 mg/day prior to treatment; 3) no prior ad- 
ministration of AZA/6-MP; and 4) steroid-dependency 
with UCAI ≥ 150 or greater after PSL had been tapered 
or discontinued. One patient who had been treated with 
AZA/6-MP and 60 patients who had been treated with 
CAP were excluded because they did not fulfill the cri- 
teria. Thirty-eight patients who were treated with thio- 
purines (AZA or 6-MP, T-group) and 27 patients treated 
with CAP (C-group) were therefore included in the pre- 
sent investigation. 

CAP was carried out using either Adacolumn (JIMRO, 
Takasaki, Japan) for granulocyte and monocyte/macrophage 
adsorption apheresis (GCAP) [12] or Cellsorba EX 
(AsahiKaseiKurarayMedical, Tokyo, Japan) for leukocy- 
tapheresis (LCAP) [14]. Each patient in the C-group 
received CAP once a week up to a maximum of 10 
apheresis sessions. Each session consisted of 60 minutes 
at a blood flow rate of between 30 and 50 mL/min. 
Continuous injection of anticoagulant, heparin or nafa- 
mostat mesilate was used to prevent coagulation of blood 
during extracorporeal circulation. 

The demographic data for each patient was obtained 
by chart review. The data included gender, age, duration 
of the disease, the site of involvement, number of prior 
relapses, disease activity (UCAI), concomitant medica- 
tions, and laboratory data (leukocyte counts, hemoglobin 
levels, platelet counts, serum albumin and C-reactive 
protein). During the course of treatment, PSL was tapered 
or discontinued when patients’ symptoms were improved, 
while doses of oral 5-aminosalicylic acid (5-ASA, 1.5 - 
4.0 g/day; n = 49) and salazosulfapyridine (SASP, 3.0 - 
4.5 g/day; n = 16) were not changed. For the subsequent 
analyses, the doses of 5-ASA and SASP were adjusted 
by the molecular weights of each drug [20]. 

To assess the therapeutic effects of AZA/6-MP and 
CAP, the UCAI was calculated just prior to each treat- 
ment and 4 and 10 weeks after the start of treatment. 
Clinical remission was defined as an UCAI value less 
than 150 without any other additional treatments. Treat- 
ment failure was defined by one of the following criteria: 
1) discontinuation of AZA/6-MP or CAP due to adverse 
events; or 2) receiving additional treatments to induce 
remission. The safety and tolerability of AZA/6-MP and 
CAP were evaluated on the basis of the incidence and type 
of adverse events occurring during the observation pe- 
riod. All patients were regularly monitored for adverse 
events at each visit. 

To assess the efficacy of the approaches, an intention- 
to-treat (ITT) statistical analysis was performed. The 
cumulative probability curves of treatment failure were 
calculated using the Kaplan-Meier method, and the dif- 
ferences between the groups were compared using the 
log rank test. Parametric data were expressed as the 
means ± SD, and compared between the groups using the 
Mann-Whitney U test. Nonparametric data were compared 
using the Fisher’s exact probability test or Chi-squared 
test. A p value < 0.05 was considered to be statistically 
significant for each test. 

3. RESULTS 

3.1. Demographic Data 

Table 1 compares the demographic data at baseline be- 
tween the T-group and C-group. No significant differences 
were observed in gender, age, duration of the disease, 
site of involvement, UCAI, frequency and dose of PSL, 
adjusted dose of 5-ASA, or laboratory parameters be- 
tween the groups. However, the serum albumin level was 
higher in the T-group than in the C-group (4.0 ± 0.4 vs. 
3.7 ± 0.5 g/dl, p = 0.006). The T-group also tended to 
show a lower number of prior relapses (3.2 ± 2.1 vs. 3.9 
± 1.5 times, p = 0.08) and a greater cumulative dose of 
PSL (11.2 ± 7.4 vs. 8.2 ± 6.7 g, p = 0.06) than the 
C-group, although the differences were not statistically 
significant. 

In the T-group, AZA was administered to 35 patients 
(92%), and 6-MP to 3 patients (8%). The doses of AZA 
and 6-MP were 54 ± 14 mg/day and 28 ± 13 mg/day, 
respectively. In the C-group, 20 patients (74%) were 
treated with GCAP, and 7 patients (26%) with LCAP. 

3.2. Clinical Outcome of AZA/6-MP and CAP 
Treatment 

As shown in Table 2, the rates of inducing remission in 
the T-group and C-group at 4 weeks were 50.0% (19/38) 
and 55.6% (15/27), respectively (p = 0.66). At 10 weeks, 
the rates were 55.3% (21/38) and 70.4% (19/27), respec- 
tively (p = 0.22), in the T- and C-groups. Treatment fai- 
lure was observed in 17 of 38 patients in the T-group and 
8 of 27 patients in the C-group. Figure 1 demonstrates 
the cumulative probability curves of treatment failure in the 
two groups. The cumulative probabilities of treatment fai- 
lure at 10 weeks for the T-group and C-group were 44.7% 
and 29.6%, respectively (p = 0.23).  

In 12 of the 17 patients with treatment failure in the 
T-group, the clinical symptoms were either unchanged or 
deteriorated, and the patients achieved clinical remission 
after additional treatment by increasing the dose of PSL 
(n = 9), or by performing CAP (n = 3). The remaining 5 
patients discontinued AZA due to adverse events, and a  
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Table 1. Comparison of the baseline characteristics of patients in the T-group and C-group. 

Clinical variables 
T-group 
(n = 38) 

C-group 
(n = 27) 

p value 

Gender (female/male) 30/8 20/7 0.65 

Age (years) 37.0 ± 14.1 38.3 ± 14.1 0.69 

Duration of the disease (years) 5.4 ± 4.9 6.7 ± 4.9 0.19 

Site of involvement    

Pancolitis 26 14 0.18 

Left-sided colitis 12 13  

Number of prior relapses (times) 3.2 ± 2.1 3.9 ± 1.5 0.08 

Disease activity (UCAI) 188 ± 16 194 ± 12 0.17 

Cumulative dose of PSL (g) 11.2 ± 7.4 8.2 ± 6.7 0.06 

Concomitant use of PSL 36 23 0.22 

Dose of PSL at entry (mg/day) 16.4 ± 10.9 17.4 ± 12.8 0.82 

Dose of 5-ASA (mg/day) 2108 ± 589 2241 ± 399 0.11 

Dose of AZA (mg/day; n = 35) 53.6 ± 13.8 -  

Dose of 6-MP (mg/day; n = 3) 28.3 ± 12.6 -  

Laboratory data    

Leukocyte counts (/μl) 8968 ± 2694 9366 ± 3869 0.80 

Hemoglobin levels (g/dl) 12.1 ± 1.7 11.7 ± 2.1 0.46 

Platelet counts (×104/μl) 32.6 ± 7.2 30.6 ± 7.2 0.26 

Serum albumin (g/dl) 4.0 ± 0.4 3.7 ± 0.5 0.006 

C-reactive protein (mg/dl) 0.6 ± 0.7 1.3 ± 2.2 0.50 

T-group: thiopurines-group; C-group: cytapheresis-group; UCAI: ulcerative colitis activity index; PSL: prednisolone; 5-ASA: 
5-aminosalicylic acid; AZA: azathioprine; 6-MP: 6-mercaptopurine. 

 
3.3. Adverse Events Attributable to AZA/6-MP 

or CAP 

 

As shown in Table 2, adverse events were observed in 5 
of 38 patients (13.2%) in the T-group and 8 of 27 
patients (29.6%) in the C-group (p = 0.12). In the T- 
group, adverse events included acute pancreatitis, ery- 
thema nodosum, fever, arthralgia, myalgia, and liver da- 
mage, which occurred during a period from 21 to 30 days 
after starting AZA. In all 5 patients, the adverse events 
spontaneously disappeared after the discontinuation of 
AZA. In the C-group, adverse events including transient 
headache, fatigue, and nausea were observed only during 
the sessions of CAP. No patients discontinued CAP, 
since these adverse events were considered to be to- 
lerable.  

Figure 1. The cumulative probability curves of treatment fail- 
ure in patients with steroid-dependent ulcerative colitis, as stratified 
by treatment group (thiopurines-group and cytapheresis-group; 
p = 0.23: Log rank test). 
 
Subsequent increase in the dose of PSL resulted in cli- 
nical remission in these patients. In all 8 patients who ex- 
perienced treatment failure in the C-group, the clinical 
symptoms were either unchanged or deteriorated. Seven 
of these 8 patients achieved clinical remission after ad- 
ditional treatments; 5 patients achieved remission by 
starting PSL or increasing the dose of PSL together with 
CAP, one patient by starting AZA after completing 10 
sessions of CAP, and one patient by starting cyclosporine 
and increasing the dose of PSL after discontinuing CAP. 
The remaining one patient underwent an emergency co- 
lectomy after the first session of CAP. 

4. DISCUSSION 

Previous studies have reported that AZA at a dose of 2 - 
2.5 mg/kg/day [3-6] and 6-MP at a dose of 50 - 150 
mg/day [7] or 1.5 mg/kg/day [8] were effective in induc- 
ing clinical remission in active [4-6] or steroid-dependent 
[3,7,8] UC, while others have failed to demonstrate such 
an efficacy [21,22]. A systematic review of 30 uncontrolled 
studies showed that the mean efficacy rate of AZA/6-MP 
was 65% for the induction of the remission in active UC 
patients [2]. However, a meta-analysis of 4 controlled  
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studies revealed no significant benefit of AZA/6-MP for 
inducing remission in comparison with placebo or 5-ASA 
(odds ratio; 1.59, 95% confidence interval; 0.59 - 4.29) 
[2]. 

The efficacy of CAP has been shown not only for steroid- 
naïve patients who had never received corticosteroids 
[11,13], but also for steroid-dependent [11,15-18] and 
steroid-refractory [15,17] patients. Previous studies have 
demonstrated that 58% - 90% of patients with steroid- 
dependent UC who had concomitant use of PSL achieved 
improvement or clinical remission following a course of 

CAP [11,15-18]. CAP has also been shown to have a 
steroid sparing effect [11,12,15,16], as has been seen for 
AZA/6-MP therapy [3,4,6-8].  

Our present investigation is the first study to examine 
the efficacy of low-dose AZA/6-MP for inducing remis- 
sion, and which compared the efficacy of AZA/6-MP 
and CAP in patients with steroid-dependent UC. We 
found the efficacy of low-dose AZA/6-MP for the induc- 
tion of remission in steroid-dependent, moderate UC to 
be 55.3% at 10 weeks, and this observed efficacy was 
not statistically different from that of CAP (Table 3). 

 
Table 2. Adverse events in patients with ulcerative colitis after treatment with azathioprine/6-mercarptopurine or cytapheresis. 

Therapy Age (years) Gender Adverse events Action 

T-group 

AZA 19 Female Acute pancreatitis Withdrawal 

AZA 38 Female Erythema nodosum/arthralgia Withdrawal 

AZA 46 Female Erythema nodosum/fever/liver damage* Withdrawal 

AZA 54 Female Fever/liver damage* Withdrawal 

AZA 71 Male Myalgia of the lower legs Withdrawal 

C-group 

GCAP 31 Female Headache CAP continued, medication 

GCAP 32 Female Fatigue CAP continued 

GCAP 33 Female Nausea/fatigue CAP continued, medication 

GCAP 37 Male Headache CAP continued, medication 

GCAP 65 Male Headache CAP continued, medication 

LCAP 25 Female Headache CAP continued, medication 

LCAP 32 Female Headache/fatigue CAP continued, medication 

LCAP 40 Female Headache/fatigue CAP continued, medication 

T-group: thiopurines-group; AZA: azathioprine; C-group: cytapheresis-group; GCAP: granulocyte and monocyte/macrophage adsorption apheresis; LCAP: 
leukocytapheresis. *Liver damage is defined as an elevation of liver enzymes, such as aspartate aminotransferase and alanine aminotransferase to more than 2 
times the upper limit of normal. 

 
Table 3. Outcomes of azathioprine/6-mercaptopurine and cytapheresis therapy. 

 4 weeks 10 weeks 

Remission rate 
T-group 
(n = 38) 

C-group 
(n = 27) 

p value 
T-group 
(n = 38) 

C-group 
(n = 27) 

p value 

Intention-to-treat analysis 19 (50.0%) 15 (55.6%) 0.66 21 (55.3%) 19 (70.4%) 0.22 

T-group: thiopurines-group; C-group: cytapheresis-group. 
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The probabilities of treatment failure at 10 weeks, as well 
as the frequencies of adverse events, were not signify- 
cantly different between the two groups. These results 
suggest that AZA at 25 - 100 mg/day or 6-MP at 15 - 40 
mg/day, which are much lower than those used in West- 
ern countries [3-8], may be applicable for the induction 
of remission in Japanese patients with steroid-dependent 
UC. Since it has been demonstrated that AZA and 6-MP 
usually have a slow onset of action, with a mean time 
from initiation to the clinical response of 3.1 months [23], 
these drugs have not been suggested as a monotherapy 
for acute relapses of UC. In our study, however, AZA/6- 
MP actually induced clinical remission within a rela- 
tively short time. Of all 21 patients who achieved remis- 
sion by AZA/6-MP by 10 weeks after initiating treatment, 
19 patients achieved remission within 4 weeks. The effi- 
cacy rates of AZA/6-MP (55.3%) and CAP (70.4%) in 
our study are similar to those in previous reports (AZA/ 
6-MP 53% - 92%; CAP 58% - 90%), which also included 
subjects who received concomitant corticosteroid therapy 
[3,6-8,11,12,15-18]. 

The benefits of CAP for active UC are not only its ef- 
ficacy in inducing clinical remission, but also its safety 
and tolerability. Adverse events attributable to CAP in- 
cluding dizziness, nausea, headache, flushing and fever 
have been observed in 5% - 27% of patients [24]. How- 
ever, no serious adverse events have been reported dur- 
ing or after CAP, and almost all patients can complete 
the course of therapy. However, a serious problem is that 
CAP is more expensive than other therapies for UC 
[24,25]. In addition, CAP requires the priming of the 
CAP system by saline containing anticoagulant, venous 
access of bilateral antecubital veins, bed rest for at least 
an hour, and frequent hospital visits in the case of outpa- 
tients. Furthermore, CAP is occasionally complicated with- 
infectious problems, such as pneumonia or catheter-in- 
duced septicemia [18]. In consideration of the above, 
CAP may inflict both physical and psychological distress 
on UC patients.  

For active UC, AZA/6-MP is less expensive and more 
convenient than CAP. However, both AZA and 6-MP 
can induce serious adverse events, with an incidence rang- 
ing from 5% up to 40%, in both a dose-dependent and 
-independent manner [26]. Previous studies have reported 
that patients treated with AZA/6-MP experienced severe 
adverse events when compared to patients treated with 
CAP, including events such as pancytopenia, acute pan- 
creatitis, fever, headache, rash, arthralgia, myalgia, liver 
damage, gastrointestinal disturbances, and infections [26], 
most of which led to the discontinuation of the drugs. 
Therefore, patients treated with AZA/6-MP need careful 
and regular supervision to monitor the development and 
incidence of adverse events. 

Our present study has a number of limitations. First, 

with regard to the data collection, the retrospective and 
single-center nature of the study, and the small number 
of subjects, are potential sources of selection bias. Second, 
each treatment group consisted of heterogeneous modali- 
ties; the C-group included both GCAP and LCAP, and 
the T-group included both AZA and 6-MP. Finally, we 
did not evaluate the mucosal healing by colonoscopy. 
These limitations may have hampered the precise analy- 
sis of the effects of the treatments.  

In conclusion, our retrospective study indicated that 
low-dose AZA/6-MP therapy appears to be an effective, 
inexpensive and convenient therapeutic option for the 
induction of clinical remission in patients with steroid- 
dependent, moderate UC. While the efficacy for the in- 
duction of remission was not statistically different be- 
tween low-dose AZA/6-MP therapy and CAP in our 
study, the number of cases that discontinue treatment due 
to adverse events was higher in the T-group than in the 
C-group. Prospectively designed studies with a large 
number of subjects are needed to confirm the efficacy 
and safety of the treatment with AZA/6-MP. 
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