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pan as well as in many other Westernizing countries.1

Most of the disease activity in UC patients is mild to moder-

ate, and 5-aminosalicylic acid (5-ASA) has been the most ba-

sic drug administered to mild and moderate UC patients. 

Multiple studies have demonstrated the efficacy of 5-ASA for 

preventing relapse as well as inducing remission.2,3 However, 

most of patients experience disease relapse, even when they 

continuously take 5-ASA. Once relapse occurs, patients need 

to take other medications, such as steroids, other immune 

modifying drugs or biologics.4 Therefore, optimizing the use of 

5-ASA is needed in order to ensure a better course in UC pa-
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Background/Aims: 5-Aminosalicylic acid (5-ASA) is a basic drug for inducing and maintaining remission for ulcerative colitis. 
One of its formulations has a coating with a pH-dependent degradation that ensures the release 5-ASA at the terminal ileum. 
No evidence has been shown concerning the effects of proton pump inhibitors (PPIs) or H2 receptor antagonists (H2RAs) 
on the clinical course of ulcerative colitis patients in remission. The present study assessed the effect of PPIs or H2RAs on the 
relapse of ulcerative colitis patients in clinical remission maintained by pH-dependent released 5-ASA. Methods: Ulcerative 
colitis patients who had been prescribed time- or pH-dependent-released 5-ASA between January 2015 and December 2018 
were enrolled in this multicenter retrospective study. The period of remission until relapse occurred was analyzed among the 
patients taking time-dependent-released 5-ASA or pH-dependent-released 5-ASA with/without PPIs or H2RAs. Results: One 
hundred and nineteen patients were analyzed in this study. In the primary endpoint, the relapse rate was higher in patients tak-
ing pH-dependent-released 5-ASA and PPIs or H2RAs than in those taking the pH-dependent-released 5-ASA without PPIs or 
H2RAs, while the relapse rate was similar in patients taking the time-dependent-released 5-ASA with or without PPIs or H2RAs 
concomitantly. Patients with a short duration of disease and middle-aged patients more frequently showed relapse with PPIs 
or H2RAs than the other patients. Conclusions: The coadministration of PPIs or H2RAs affects the clinical course of ulcerative 
colitis in remission maintained by pH-dependent-released 5-ASA. (Intest Res 2021;19:225-231)
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ORIGINAL ARTICLE

INTRODUCTION

Ulcerative colitis (UC) is a chronic relapsing inflammatory 

disease mainly affecting the large bowel mucosa. The preva-

lence of UC is high in Western countries and the number of 

UC patients is increasing in Westernized countries such as Ja-
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tients, including the longer maintenance of remission, an in-

crease in the Inflammatory Bowel Disease Questionnaire, and 

a reduction in medication costs.5,6 The ideal use of 5-ASA thus 

merits further investigation.

Clinicians use 5-ASA drugs such as Pentasa and Asacol, as 

authorized by the government of their countries. Due to the 

topical action of 5-ASA on colonic mucosa,7 formulations have 

been developed to deliver 5-ASA to the colonic mucosa with 

less systemic absorption. Pentasa has an ethylcellulose-based 

coating that starts to collapse when in contact with fluid, so it 

is the controlled-release formulation of 5-ASA designed to re-

lease therapeutic quantities of 5-ASA throughout the gastroin-

testinal tract in a time-dependent manner. In contrast, Asacol 

is coated with an acrylic-based resin, Eudragit S (methacrylic 

acid copolymer B, NF), which dissolves at a pH of 7 or greater,8 

releasing 5-ASA in the terminal ileum and beyond to exert for 

topical anti-inflammatory action in the colon. 

In the stomach, the pH is usually maintained under 3 by 

gastric acid.9,10 Since peptic liquid from the pancreas and liver 

are alkaline, the pH increases in the intestine to 5–6 in the du-

odenum.11 Proton pump inhibitors (PPIs) inhibit the H+-, K+-

ATPase at the gastric parietal cells, while H2 receptor antago-

nists (H2RAs) block the action of histamine at the H2 recep-

tors on the gastric parietal cells. Both drugs thus strongly in-

hibit the secretion of H+ and are effective for treating peptic ul-

cers. pH levels are maintained at 4–5 with PPIs and 3–4 with 

H2RAs in the stomach.12

The pharmacokinetics of pH-dependent formulations were 

not shown to be affected by omeprazole coadministration for 

urinary and fecal excretion,13 nor were they affected by ad-

ministration with famotidine;14 however, the clinical data of 

UC patients concerning the coadministration of pH-depen-

dent-released 5-ASA and acid-reducing agents have not been 

reported. We hypothesized that acid-reducing drugs increase 

the pH in the intestine and thus affect the 5-ASA release, espe-

cially for pH-dependent formulations, resulting in the relapse 

of disease. The present study assessed relapse in remission 

UC patients administered 5-ASA with or without the coad-

ministration of acid-reducing agents.

METHODS

1. Study Population and Data Collection
For this retrospective observational cohort study, UC patients 

who were prescribed Pentasa or Asacol at the Department of 

Gastroenterology in Akita University Hospital or Omagari Ko-

sei Medical Center between January 2015 and December 

2018 were enrolled. Patients’ medical information and data 

were collected from electric medical records at each hospital. 

The collected information included the age, gender, disease 

duration, disease location, Mayo Endoscopic Score at all en-

doscopic examinations, partial Mayo score, period and dosage 

of prescribed Pentasa or Asacol, period of prescribed PPIs or 

H2RAs, prednisolone, azathioprine and biologics. Data were 

collected for all periods available in which patients were tak-

ing 5-ASA.

The inclusion criteria for this study were (1) a confirmed 

clinical, endoscopic and/or histological diagnosis of UC and 

(2) age between 15 and 65 years old in October 2019. The ex-

clusion criteria were (1) patients who had a history of hyper-

sensitivity or adverse events in response to 5-ASA, (2) patients 

who were receiving maintenance therapy with biologics, (3) 

period in which patients were receiving steroids, (4) patients 

who opted out of the study, and (5) patients with chronic con-

tinuous-type UC.

2. Outcomes and Definitions
The primary objective of this study was to determine the risk 

of clinical relapse in UC patients administered the pH-depen-

dent-released 5-ASA together with acid-reducing agents. Clini-

cal remission was defined as a Mayo score ≤ 2 with a Mayo 

endoscopic score ≤ 1. Disease relapse was defined by an in-

crease of 2 points in the Mayo score and the start of induction 

therapy by physicians. Periods in which the patients were pre-

scribed Pentasa or Asacol and PPIs or H2RAs were analyzed. 

The non-disease-relapse period of the concomitant prescrip-

tion of PPIs or H2RAs with 5-ASA was assessed with a Kaplan-

Meier curve. Periods with an active phase for UC and with the 

administration of steroids for UC were not included in the 

analysis.

3. Statistical Analyses
The results were represented as the means with the standard 

deviation. Background data were analyzed by Student t-test 

for paired variables or the chi-square or Fisher exact test for 

categorical variables. Kaplan-Meier curves were developed to 

examine the unadjusted relationship of the administration of 

acid-reducing agents with clinical relapse, with statistical com-

parisons analyzed using the log-rank test. Statistical analyses 

were performed using the GraphPad Prism8 software pro-

gram (GraphPad Software, San Diego, CA, USA). A P-value 

< 0.05 was considered to be significant.
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4. Ethical Considerations
The protocol for this study was examined and approved by the 

Akita University School of the Medicine Ethics Committee 

(IRB No. 2381) and the Omagari Kosei Medical Center Ethics 

Committee (IRB No. 19-032). The study design was published, 

and patients had a chance to opt out of the use of their infor-

mation for this study.

RESULTS

1. Patients’ Characteristics
Among the 166 UC patients prescribed Pentasa or Asacol 

from January 2015 to December 2018, 32 were excluded be-

cause of their age, and 9 were excluded because they had 

been administered biologics or prednisolone concomitantly. 

Six patients were prescribed either Pentasa or Asacol and 

switched to the other drug. One hundred and nineteen pa-

tients were thus included in the analysis (Fig. 1). Sixty-one pa-

tients were prescribed with Pentasa and 64 patients were pre-

scribed with Asacol. We confirmed that all patients took medi-

cine with over 90% adherence on the medical record. The pa-

tients’ characteristics are shown in Table 1. The duration of 

disease was longer (P = 0.001), and the age tended to be older 

(P = 0.051) in the patients who were taking Pentasa than in 

those who were taking Asacol. Pentasa was approved for the 

treatment of UC earlier than Asacol in Japan (1996 and 2009, 

respectively). In the present populations, PPIs and H2RAs 

were prescribed for functional dyspepsia or prescribed for 

preventing antidrug inducing peptic ulcers with nonsteroidal 

anti-inflammatory drugs (NSAIDs).

2. The Analysis of Relapse
In the primary endpoint, the relapse rate was 85.1% and 86.9%, 

74.5% and 84.5% in Pentasa and Pentasa with anti-acid agents 

in 1 year, and 2 years, respectively. On the other hand, the re-

lapse rate was 87.3% and 70.7%, 70.5% and 46.1% in Asacol 

and Asacol with anti-acid agents in 1 year, and 2 years, respec-

tively. Importantly, the relapse rate was higher in patients tak-

ing Asacol and acid-reducing agents than that in those taking 

Asacol without acid-reducing agents (P = 0.04), while the re-

lapse rate was similar in patients taking Pentasa with or with-

out acid-reducing agents concomitantly (P = 0.5) (Fig. 2).

Subpopulations in the Pentasa and Asacol groups who were 

or were not taking acid-reducing agents are shown in Table 2. 

The duration of disease tended to be longer in patients taking 

Pentasa with acid-releasing agents (P = 0.08) and Asacol with 

acid-reducing agents (P = 0.07) than in those not taking acid-

Table 1. Characteristics of Included Patients in This Study

Characteristics Total 
(n=119)a

Pentasa 
(n=61)

Asacol 
(n=64) P-value

Sex 0.210

   Male 73 (61.3) 32 (52.5) 41 (64.1)

   Female 46 (38.7) 29 (47.5) 23 (35.9)

Age (yr) 42.0±14.4 44.8±15.0 39.6±13.4 0.051

Duration of disease (yr) 10.7±8.0 13.9±8.2 7.5±6.3 0.001

Disease location 0.030

   Total 61 (51.3) 33 (54.1) 31 (48.4)

   Left-sided 38 (31.9) 22 (36.1) 17 (26.6)

   Proctitis 11 (9.2) 2 (3.3) 11 (17.2)

Dose (mg/day) 2,885±1,020 3,138±675 0.010

Azathioprine 28 (23.5) 8 (13.1) 22 (34.4) 0.010

PPIs 32 (26.9) 15 (24.6) 19 (29.7) 0.550

   Dosing period (mon) 36.1±30.0 26.7±25.2

H2RAs 36 (30.3) 25 (41.0) 13 (20.3) 0.020

   Dosing period (mon) 76.8±58.3 29.6±20.3

Biologics 17 (14.3) 9 (14.8) 9 (14.1) 1.000

Values are presented as number (%) or mean±standard deviation.
aSix patients who switched their 5-ASA type were included in both Pentasa 
and Asacol group. 
PPIs, proton pump inhibitors; H2RAs, H2 receptor antagonists; 5-ASA, 5- 
aminosalicylic acid.Fig. 1. Flowchart of the study. UC, ulcerative colitis.

166 UC patients were prescribed 
Pentasa or Asacol from January 

2015 to December 2018 

134 UC patients were between  
15 and 65 years of age at  

December 2018

125 UC patients were maintained 
without biologics or prednisolone

119 UC patients were analyzed in 
the study

32 Patients over 65 years of age at 
December 2018 were excluded

9 Patients were  administered 
biologics or prednisolone in the 

available period

6 Patients had been prescribed 
Pentasa or Asacol and switched  

to the other drug
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reducing agents, and proctitis was tended to be more frequent 

(P = 0.10) in patients taking Asacol without acid-reducing 

agents but not to a significant degree.

The periods available in this analysis are shown in Table 3. 

There were no marked differences in azathioprine use for 

maintenance therapy among the patients who were or were 

not taking acid-reducing agents in each group. A stratified sub-

analysis was performed for the gender, age and disease dura-

Table 2. Subpopulations in the Pentasa or Asacol Groups

Characteristic Total
Acid-reducing agents

P- 
valueNA PPIs/

H2RAs 

Pentasa group (n=61) 27 34

Sex 0.80

   Male 32 (52.5) 15 17

   Female 29 (47.5) 12 17

Age (yr) 44.8±15.0 40.3±13.6 52.0±17.9 0.17

   50–65 8 20

Duration of disease (yr) 13.9±8.2 11.6±9.3 15.8±6.7 0.08

   ≤10 12 8

Disease location 0.18

   Total 33 (54.1) 18 15

   Left-sided 22 (36.1) 7 15

   Proctitis 2 (3.3) 1 3

Asacol group (n=64) 38 26

Sex 1.00

   Male 40 (62.5) 24 16

   Female 22 (34.3) 13 9

Age (yr) 40.5±14.1 42.5±13.2 37.4±14.7 0.16

   50–65 14 8

Duration of disease (yr) 7.6±6.3 6.4±6.0 9.4±6.3 0.07

   ≤10 25 22

Disease location 0.10

   Total 31 (48.4) 15 16

   Left-sided 17 (26.6) 11 6

   Proctitis 12 (18.8) 10 2

Values are presented as number (%) or mean±standard deviation.
NA, not applicable; PPIs, proton pump inhibitors; H2RAs, H2 receptor 
antagonists.

Table 3. Maintenance Drugs in Remission of Ulcerative Colitis 

Characteristic
Acid-reducing agents

NA H2RAs PPIs 

Pentasa group (n=61) 21 25 15

   Total periods (mon) 1,894 1,766 533

   Total number of period 51 32 15

   Maintenance dosage (mg) 2,835±1,036 2,545±899 2,900±1,060

   Dosage at relapse (mg) 2,909±1,203 2,600±776 4,000±0

   The number of patients 
taking AZA for 
maintenance

2 (9.5) 2 (8.0) 5 (33.3)

Asacol group (n=64) 32 13 19

   Total periods (mon) 2,020 153 504

   Total number of period 67 13 28

   Maintenance dosage (mg) 2,974±709 3,000±600 3,433±446

   Dosage at relapse (mg) 2,939±737 2,800±566 3,600±0

   The number of patients 
taking AZA for 
maintenance

15 (46.9) 4 (30.8) 12 (63.2)

Values are presented as mean±standard deviation or number (%).
NA, not applicable; H2RAs, H2 receptor antagonists; PPIs, proton pump 
inhibitors; AZA, azathioprine.

Fig. 2. Kaplan-Meier curves demonstrating the relapse-free rate in ulcerative colitis. Hashed lines indicate censored cases. (A) Patients pre-
scribed Pentasa (thick line) and Pentasa with PPIs or H2RAs (solid line). (B) Patients prescribed Asacol (thick line) and Asacol with PPIs or 
H2RAs (solid line). PPIs, proton pump inhibitors; H2RAs, H2 receptor antagonists.
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tion. Ten or fewer years’ duration (P = 0.049) and an age of 50 to 

65 years old (P = 0.01) were factors significantly associated with 

relapse while taking acid-reducing agents, whereas more than 

10 years’ duration, under age of 50, and the gender had no in-

fluence (Fig. 3). 

DISCUSSION

No study has described the induction of relapse by acid-re-

ducing agents in remission UC patients maintained by 5-ASA. 

Hussain et al.13 reported that omeprazole did not influence the 

urinary or fecal excretion of pH-dependent-released 5-ASA in 

healthy subjects. However, our study showed that co-treat-

ment with the acid-reducing agent Asacol clearly affected the 

clinical course in UC. Such a situation is not rare, as acid-re-

ducing agents are usually prescribed for functional dyspepsia, 

which is quite common, and UC patients are no exception.15

Our data also showed that middle-aged patients were more 

often affected by administration of Asacol than younger pa-

tients. We did not assess the fecal excretion and mucosal con-

centration with 5-ASA. However, the possible explanation for 

this result is due to differences in the rate of Helicobacter pylori 

infection and the relative infrequency of bowel movements in 

older persons. Previous studies showed that baseline gastric 

acid secretion is decreased16,17 and the anti-secretory effects of 

PPIs more pronounced9,10 in H. pylori-positive subjects than in 

H. pylori-negative ones. We excluded patients over 65 years of 

age in order to assess the effects of acid-reducing agents more 

accurately, as this age group is markedly influenced by H. py-

lori infection, which affects the acid production in the stom-

ach.16,17 Recently, the number of older UC patients has been 

increasing. These older patients are often taking multiple 

medicines, including acid-reducing agents for gastritis or func-

tional dyspepsia or even preventing ulcers with NSAIDs or as-

pirin. We should bear these results in mind in order to avoid 

the long-term prescription of acid-reducing agents together 

with pH-dependent-released 5-ASA. Our data also demon-

strated a short duration showed more frequent relapse in con-

comitant administration of acid-reducing drug with Asacol. 

Previous study showed that long duration of disease was pro-

tective against the relapse.18 Based on this result, one possible 

explanation is that the effect of acid-reducing agents concomi-

Fig. 3. Kaplan-Meier curves demonstrating the relapse-free rate in ulcerative colitis. Hashed lines indicate censored cases. Patients pre-
scribed Asacol (thick line) and Asacol with PPIs or H2RAs (solid line). Patients 15–49 years of age (A) and 50–65 years of age (B) were shown. 
Patients prescribed Asacol (thick line) and Asacol with PPIs or H2RAs (solid line). Patients of 10 or fewer years’ disease duration (C) and more 
than 10 years’ disease duration (D) were shown. PPIs, proton pump inhibitors; H2RAs, H2 receptor antagonists.
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tant with Asacol was enough to lead to relapse for the patients 

with short duration but not for the patients with long duration.

Chronic atrophic gastritis caused by H. pylori infection 

leads to less production of gastric acid and a subsequent in-

crease in the pH in the stomach (to 3-4).17,19 Because the duo-

denal fluid is alkaline due to pancreatic and biliary acid, the 

pH in chronic atrophic gastritis patients increases all the way 

to 7;11 this results in the earlier degradation of the coating of 

Asacol in the small intestine of such patients than in healthy 

person. Basically, over half of the population ≥ 65 years old 

has gastric atrophy due to H. pylori infection in Japan.16,17 In 

addition, given that the rate of H. pylori infection increases 

with age, one of the explanation of that middle-aged patients 

were more affected by the administration of acid-reducing 

agents than younger patients could be the H. pylori infection.

Limitation of this retrospective study is the bias from drugs 

being chosen by each physician, the collection bias due to not 

being able to obtain completely correct data retrospectively, 

the lack of data on topical medication or cytapheresis therapy, 

and the lack of data on atrophic gastritis. We did not assess ad-

justed risk of relapse with confounding factors such as smok-

ing or NSAIDs use in this study.20 It should be considered to 

analyze for further investigation in the future. We need to con-

duct a prospective study to further elucidate the effects of ac-

id-reducing agents. This study design was designed to eluci-

date the effect of acid-reducing agents for maintenance of re-

mission. Since 5-ASA is also a key drug leading to the induc-

tion of remission in UC, the effect of acid-reducing agents 

should be studied in the induction phase.

In conclusion, in this multicenter retrospective study, coad-

ministration of PPIs or H2RAs affects relapse of UC in remis-

sion maintained by pH-dependent-released 5-ASA but not 

time-dependent-released 5-ASA. The data of subanalysis sug-

gest UC patients with a short duration of disease and middle-

aged patients are more affected by these acid-reducing agents.
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