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Background: We conducted a retrospective cohort study to clinically and endoscopically assess 

the efficacy of delayed-release mesalazine for ulcerative colitis.

Methods: The study included 104 ulcerative colitis patients (52 men, 52 women) initiated on 

treatment with delayed-release mesalazine between 2009 and 2012. The clinical symptoms at 

months 0, 1, and 12 were scored using the clinical activity index. An endoscopic index was 

also used to determine disease activity in 72 patients who underwent total colonoscopy before 

and after mesalazine treatment.

Results: The clinical activity index at months 0, 1, and 12 were 4.6±2.8, 3.4±1.8, and 2.8±1.4, 

respectively, decreasing with time after the start of mesalazine treatment (P,0.001). The endo-

scopic index decreased significantly from 4.5±3.2 before to 3.1±2.8 after the start of delayed-

release mesalazine treatment in the mean follow-up period of 1.0±0.4 years (P,0.001).

Conclusion: Delayed-release mesalazine was confirmed to be effective both clinically and 

endoscopically.

Keywords: ulcerative colitis, pH-dependent controlled-release mesalazine, clinical activity 

index, endoscopic index

Introduction
The pH-dependent 5-aminosalicylic acid (5-ASA) releasing preparation, widely used 

as a standard drug for remission induction and maintenance therapies in patients 

with inflammatory bowel disease, was approved for coverage by the national health 

insurance in Japan in December 2009. At present, three types of 5-ASA releasing 

preparations are available in Japan: the time-dependent 5-ASA releasing preparation 

(Pentasa®), the pH-dependent 5-ASA releasing preparation (Asacol®), and salazosul-

fapyridine (SASP).

The presumed mechanisms of action of 5-ASA, which exerts local anti-inflammatory 

effects in the colonic mucosa in cases of inflammatory bowel disease, include inhi-

bition of inflammatory cytokines and elimination of free radicals.1 However, after 

5-ASA is absorbed from the gastrointestinal tract into the systemic circulation, it is 

immediately inactivated. Thus, various pharmaceutical modifications of 5-ASA have 

been attempted. A time-dependent 5-ASA releasing preparation releases 5-ASA into 

the entire small intestine and the large intestine in a time-dependent manner because 

of the methylcellulose coating. Meanwhile, a pH-dependent 5-ASA releasing prepara-

tion (delayed-release mesalazine) releases 5-ASA from the distal ileum downwards, 
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where the pH is 7 or above. As compared to conventional 

preparations (Pentasa®) that release 5-ASA from the small 

intestine downwards, delayed-release mesalazine (Asacol®) 

is considered to deliver a larger amount of 5-ASA into the 

large intestine at similar doses via a drug delivery system 

that releases 5-ASA into the large intestine from the distal 

ileum downwards.2,3

Since the launch of delayed-release mesalazine (Asacol®) 

in the market in Japan, the prescription of the drug for the 

treatment of ulcerative colitis (UC) has increased dramati-

cally at our center. While there have been a number of reports 

on the therapeutic efficacy of delayed-release mesalazine 

(Asacol®), there are still few studies focusing on the thera-

peutic effects of the drug based on endoscopic assessment. 

The present study was designed to perform clinical and 

endoscopic assessment of the efficacy of delayed-release 

mesalazine (Asacol®) in patients with UC.

Materials and methods
Subjects
A total of 186 UC patients who were started on treatment with 

delayed-release mesalazine (Asacol®) and underwent periodic 

follow-up on an outpatient basis at the Saitama Medical Center 

between 2009 and 2012 were retrospectively identified from 

medical records and enrolled in this study. The inclusion crite-

ria were as follows: 1) patients who were 16 years of age and 

older at the time of registration and 2) patients who were under 

periodic follow-up on an outpatient basis for at least 1 year. The 

exclusion criteria were as follows: 1) patients who discontin-

ued the treatment with delayed-release mesalazine due to the 

development of adverse reactions and 2) patients who were 

observed on an outpatient basis for less than 1 year. Finally, 

the data of 104 of these patients (52 men, 52 women; mean age 

at onset of UC, 33±14 years; mean age at entry of the study, 

43±15 years; mean disease duration, 11.0±8.8 years) were 

analyzed and all were followed-up through December 2013. 

All data of the study were collected exclusively by review-

ing preexisting medical records. The mean follow-up period 

was 2.4±0.6 years (range: 1.2–4.0 years). Adverse reactions 

to delayed-release mesalazine were observed in six patients, 

consisting of two with rash, one with pancreatitis, one with 

elevated serum level of pancreatic amylase, one with nausea, 

and one with abdominal bloating. None of these adverse reac-

tions were serious.

Efficacy evaluation
The efficacy of delayed-release mesalazine was evaluated 

using the following indices.

1.	 Clinical activity index (CAI): patients were assessed at 

months 0, 1, and 12. The CAI described by Lichtiger 

et al4 was used for the assessment of disease severity and 

efficacy. The components of the CAI include the follow-

ing: bowel movement frequency (score 0–4), nocturnal 

diarrhea (score 0–1), blood in stool (score 0–3), fecal 

incontinence (score 0–1), use of antidiarrheal drugs (score 

0–1), abdominal pain (score 0–3), general well-being 

(score 0–5), and abdominal tenderness (score 0–3). The 

sum of the score for each variable ranges from 0 to 21.4

2.	 Endoscopic index (EI): in the 72 patients who underwent 

total colonoscopy before and after the start of delayed-

release mesalazine treatment, the endoscopic findings 

were scored by the EI described by Rachmilewitz,5 for 

endoscopic assessment of the treatment efficacy. The first 

colonoscopy was performed 3 months to 2 years after the 

start of delayed-release mesalazine treatment. The interval 

between the start of delayed-release mesalazine treatment 

and undergoing follow-up colonoscopy was 1.0±0.4 years 

(0.3–1.9 years).

The four Rachmilewitz score items were included: 

granulation scattering reflected light (score 0–2), vascular 

pattern (score 0–2), vulnerability of mucosa (score 0–4), 

and mucosal damage (mucus, fibrin, exudates, erosions, and 

ulcers, score 0–4). The sum of the score for each endoscopic 

variable ranges from 0 to 12.5 The scores for each patient 

were determined by assessment of the areas showing the 

most severe inflammation.

UC was diagnosed based on the characteristic endoscopic 

and biopsy findings, after excluding other inflammatory 

bowel disorders. Steroid dependence was defined as recur-

rence developing during tapering or within a short time after 

discontinuation of the steroid dose, and steroid resistance 

was defined as no response to prednisolone administered at 

the dose of 1–1.5 mg/kg/day for 1–2 weeks.

Ethical consideration
This study was approved by The Etiological Study Ethical 

Review Board of Saitama Medical Center, Jichi Medical 

University. Because we produced anonymized data and 

used them, informed consent from all study subjects was 

not needed.

Statistical analysis
Data are expressed as mean ± standard deviation or 

percentage. Statistical analysis was performed using the 

Student’s t-test or one-way analysis of variance (ANOVA) 

with post hoc Turkey–Kramer tests. All data analyses were 
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performed with the StatView software (version 5.0; SAS 

Institute Inc., Cary, NC, USA). Differences at P-values of 

less than 0.05 were regarded as significant.

Results
Table 1 shows the characteristics of patients. In the 

104 patients, the distribution of the age at onset of UC showed 

a peak in their 20s, consistent with the tendency observed in 

a survey carried out in Japan. During the follow-up period, 

UC aggravation occurred in 23.1% (24/104) of patients and 

10.6% (11/104) were hospitalized due to aggravation of UC. 

One patient developed colorectal cancer and two patients 

underwent colectomy (Table 1).

The CAI at months 0, 1, and 12 were 4.6±2.8 (range: 

1–12), 3.4±1.8 (2–13), and 2.8±1.4 (1–10), respectively, 

decreasing significantly with time (P,0.001). The EI 

decreased significantly from 4.5±3.2 (range: 0–10) before 

the start of delayed-release mesalazine treatment to 3.1±2.8 

(0–10) after the start of treatment with the drug (P,0.001) 

(Figure 1A). Further analysis was performed after excluding 

patients who had undergone some additional treatment for 

UC after the start of delayed-release mesalazine treatment. 

Under this condition, 69 patients were eligible for assessment 

of the CAI. Their CAI at months 0, 1, and 12 was 4.1±2.5 

(range: 1–12), 3.0±1.3 (2–7) and 2.6±0.9 (1–6), respectively, 

decreasing significantly with time (P,0.001). The EI was 

assessed in 49 patients and showed a significant decrease 

from 4.4±3.6 (range: 0–10) before the start to 2.5±2.5 

(0–8) after the start of treatment with the drug (P,0.001) 

(Figure 1B).

Stratified analyses were performed to assess the clinical 

effects of delayed-release mesalazine based on the CAI. 

The analysis by the lesion extent revealed significant decrease 

of the CAI after the start of delayed-release mesalazine 

treatment in patients with all the disease types; especially 

in patients with left-sided colitis and proctitis, the effects of 

delayed-release mesalazine were observed within 1 month. 

The analysis by the indications for delayed-release mesala-

zine treatment revealed significant decrease of the CAI 

after the start of delayed-release mesalazine treatment in 

patients who received delayed-release mesalazine for main-

tenance therapy, aggravation of UC, and initial therapy, and 

the analysis by the previously used drug for treatment also 

revealed significant decreases in the CAI after the start of 

delayed-release mesalazine treatment in both patients who 

had received time-dependent release mesalazine and those 

who had had received SASP (Figure 2). In regard to the blood 

test findings, the white blood cell counts and platelet counts 

decreased significantly after the start of delayed-release 

mesalazine treatment (Figure 3).

Discussion
According to a report by D’Inca et al, when a pH-dependent 

releasing preparation (2.4 g/day) or time-dependent 

releasing preparation (3 g/day) was administered to patients 

with inflammatory bowel disease, the concentration of 

mesalazine in the sigmoid colonic mucosa was higher in the 

patients receiving the pH-dependent releasing preparation.2 

The efficacy of delayed-release mesalazine has been dem-

onstrated for all disease types in clinical studies conducted 

in Japan, in which the decrease of the Ulcerative Colitis-

Disease Activity Index score at the last assessment was more 

pronounced in the patients with the total colitis type of UC. 

The European Crohn’s and  Colitis Organization does not 

recommend oral mesalazine alone but topical mesalazine 

for proctitis.6 A double-blind study on active UC comparing 

delayed-release mesalazine (2.4 g/day and 3.6 g/day), time-

dependent release mesalazine (2.25 g/day), and placebo has 

also been conducted in Japan. An analysis in patients with 

proctitis-type UC revealed that delayed-release mesalazine 

Table 1 Clinical characteristics and outcomes

Sex, male/female 52/52
Age at onset, years 33±14 (3–69)
Age at entry, years 43±15 (17–77)
Duration of disease, years 11.0±8.8 (0.9–46.5)
Observation period, years 1.9±0.6 (0.7–3.5)
Extent at diagnosis
  Total colitis 63 (60.6%)
  Left-sided colitis 26 (25.0%)
  Proctitis 15 (14.4%)
Initial dose of delayed-release mesalazine, g 2.6±0.9 (0.4–3.6)
Indication for delayed-release mesalazine
  Maintenance therapy 71 (68.2%)
  Exacerbation of ulcerative colitis (UC) 22 (21.2%)
 I nitial therapy 11 (10.6%)
Pretreatment drug
  Time-dependent release mesalazine 69 (66.3%)
 S alazosulfapyridine 24 (23.1%)
 N one 11 (10.6%)
Combined treatment
  Thiopurine immunomodulators 41 (39.4%)
 S teroid for UC exacerbation 25 (24.0%)
  Tacrolimus 2 (1.9%)
  Infliximab 6 (5.8%)
  Cytapheresis 6 (5.8%)
 S teroid dependence/resistance 5 (4.8%)
Exacerbation of UC 24 (23.1%)
Hospitalization for UC exacerbation 11 (10.6%)
Colorectal cancer 1 (1.0%)
Colectomy 2 (1.9%)
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Figure 1 Transitional change of CAI and EI.
Notes: Clinical and endoscopic effect in total cases (A) and cases not requiring additional therapy after the introduction of delayed-release mesalazine (B). CAI of Lichtiger 
score and EI of Rachmilewitz score. Months 0, 1, 12 after the start of mesalazine treatment; Before and after mesalazine treatment. *P0.05.
Abbreviations: CAI, clinical activity index; EI, endoscopic index; M, month(s).
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Figure 2 Transitional change of CAI: clinical efficacy of delayed-release mesalazine with stratified analysis.
Notes: CAI of Lichtiger score in each extent disease type (A), each indication for delayed-release mesalazine (B), and cases receiving time dependent-release mesalazine or 
salazosulfapyridine as pretreatment drug (C). Months 0, 1, 12 after the start of mesalazine treatment. *P0.05.
Abbreviations: CAI, clinical activity index; M, month(s).
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administration at either dose significantly decreased the 

Ulcerative Colitis-Disease Activity Index as compared to pla-

cebo, whereas no significant difference was observed between 

patients treated with time-dependent release mesalazine and 

placebo.7 In the present study, delayed-release mesalazine 

was found to be effective for all the disease types of UC. 

Because its effects were observed within a month, especially 

in patients with left-sided colitis and proctitis, delayed-release 

mesalazine is assumed to be potent especially against distal-

type UC. Moreover, the effects of delayed-release mesala-

zine were also confirmed in patients who were switched 

from not only time-dependent release mesalazine, but also 

SASP. Furthermore, the analysis performed after excluding 

patients who had undergone some additional treatment for 

UC after the start of delayed-release mesalazine treatment 

also revealed significant decreases of both the CAI and EI. 

This result may indicate the therapeutic effects of delayed-

release mesalazine alone.

In this study, even after the start of treatment with delayed-

release mesalazine or treatment switch from other drugs to 

delayed-release mesalazine, aggravation of UC and the need 

for the use of steroids were observed in approximately 20% 

of all patients. Furthermore, maintenance treatment needed 

to be augmented by immunomodulatory drugs and infliximab 

in 7% of all patients. When remission cannot be achieved by 

oral administration of a sufficient dose of 5-ASA, concomitant 

transanal administration of 5-ASA may be useful for improving 

the remission rate.8,9 Administration of 5-ASA preparations in 

the remission maintenance phase is important for preventing 

not only relapse, but also preventing cancer caused by UC.10,11 

For long-term remission maintenance, once-daily adminis-

tration is preferable.12 Furthermore, the effect of 5-ASA on 

inducing remission is dependent on the intramucosal concen-

trations of 5-ASA, and the effects of oral 5-ASA preparations 

are dose-dependent.3,13 Thus, it seems to be preferable to start 

administration of 5-ASA at high doses.

In this study, although adverse reactions to delayed-

release mesalazine were observed in 5.5% (6/110) of patients, 

neither serious adverse events nor allergic reactions to 5-ASA 

were observed. Because allergic reactions to 5-ASA include 

diarrhea and fever which are often difficult to distinguish 

from the symptoms of UC, it is not uncommon for aller-

gic reactions to be diagnosed as refractory UC. After oral 

administration of 5-ASA, the allergic reactions to the drug 

are temporarily relieved, and approximately 2 weeks later, 

often manifest as fever and increased stool frequency accom-

panied by increased serum levels of C-reactive protein (CRP). 

Because the therapeutic strategy for the allergic reactions 

differs greatly from that for UC, sufficient attention should 

be paid to the occurrence of allergic reactions.

* *
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Figure 3 Transitional change of hematological examinations.
Notes: Months 0, 1, 12 after the start of mesalazine treatment. *P0.05.
Abbreviation: M, month(s).
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This study had several limitations. First, it was a single-

center retrospective cohort study; thus, we could not control 

all confounding factors in the analysis. Second, the time of 

colonoscopy before and after the start of delayed-release 

mesalazine treatment varied among the patients.

In conclusion, delayed-release mesalazine is effective for 

all types of UC and can be positioned as a key drug for the 

treatment of UC. However, maintenance therapy with 5-ASA 

alone is limited in efficacy. It is necessary to identify patients 

unresponsive to the drug in the early stages of treatment and 

to augment the maintenance therapy.

Disclosure
The authors declare that they have no conflicts of interest 

to disclose.
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