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Abstract \
Background: \We aimed to conduct a meta-analysis to evaluate the efficacy and safety between once daily (OD) and twice daily |
(BD) regime dosing of mesalazine for mild-to-moderate ulcerative colitis (UC).

Methods: PubMed, Embase, the Cochrane library, and Web of Science from 1990 to November 2018 were investigated. We
searched randomized controlled trials (RCTs) comparing OD with BD regime dosing of mesalazine for mild-to-moderate UC. The
software Review Manager 5.3 was used to pool the risk ratio (RR) with a 95% confidence interval (Cl).

Results: Eight RCTs containing 3495 patients were identified. Regardless of induction of remission or maintenance of remission of
UC, OD regime dosing of mesalazine was as effective as BD regime dosing in clinical and endoscopic remission and clinical
remission. Also, no obvious difference was found between OD and BD regime dosing of mesalazine regardless of total adverse

events, treatment-related adverse events or serious adverse events.
Conclusion: OD is as effective and safe as BD regime dosing of mesalazine for active UC.

Abbreviations: AEs = adverse events, BD = twice daily, Cl = confidence interval, ITT = intention to treat, OD = once daily, RCTs =
randomized controlled trials, RR = risk ratio, UC = ulcerative colitis.

Keywords: mesalazine, meta-analysis, once daily, twice daily, ulcerative colitis

1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease
involving the mucosa of colorectum, characterized by recurrent
remission and relapse.!!! The incidence of ulcerative colitis
stabilizes in high-incidence areas such as northern Europe and
North America. For instance, incidence rates for ulcerative colitis
range from 2.2 to 14.3 cases per 100,000 persons per year in
North America.”!
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Mesalazine remains the first-line drug for mild-to-moderate
UC.B In the 1940s, the practice of conventional dosing schedule
began with sulfasalazine, and a minimum of twice daily (BD)
mesalazine was used because of it reducing the toxicity and side
effects.”! However, a divided-dosing regime might lead to
noncompliance.”®! Many researches have revealed that new kinds
of mesalazine (such as pH-dependent formulations, time-
dependent formulations, and multimatrix system) can be
administered once daily (OD).[°""3 It was convenient and simple
dosing regime for patients.

Although three reviews!!* ¢! assessed the efficacy and safety
between OD and multiple daily mesalazine, no meta-analysis was
found to evaluate the efficacy and safety between OD regime
dosing of mesalazine and BD regime. Therefore, we performed a
meta-analysis to compare the efficacy and adverse events (AEs) of
OD regime dosing of mesalazine with BD for UC.

2. Methods

Ethical approval or patient consent is not required because the
present study is a review of previously published articles.

2.1. Search strategy

Randomized controlled trials (RCTs) published were searched in
English. PubMed, Embase, the Cochrane library, and Web of Science
from 1990 to November 2018 were investigated by 2 authors. The
keywords included “mesalazine,” “mesalamine,” “5-aminosalicylic
acid,” “5-ASA,” “Inflammatory bowel disease,” “ulcerative colitis,”
“once daily,” “twice daily,” and “randomized controlled trials,”
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which were combined with any derivatives of these terms. What is
more, manual searching of reference lists from existing review articles
and identified additional studies was also performed.

2.2. Inclusion and exclusion criteria

The inclusion criteria included that: the study covered published
clinical RCTs comparing OD with BD mesalazine for mild-to-
moderate UC, eligible patients were 18 years of age or older, with a
confirmed clinical, endoscopic, and histological diagnosis of UC,
and the outcomes must include one of clinical and endoscopic
remission, clinical remission, mucosal healing, and adverse events.
Studies without full-text and sufficient information were excluded.

2.3. Extraction of data and assessment of outcomes

The extracted data included: author, year and country of publication,
the number of patients randomized and intention-to-treat (ITT),
characteristics of the patients (age and gender), interventions, duration
of therapy, inclusion criteria, and criteria to define remission.

The primary outcome of articles included was clinical and
endoscopic remission of OD compared with BD mesalazine. The
secondary outcomes included clinical remission, and adverse
events (total adverse events, treatment-related adverse events,
and serious adverse events).

2.4. Assessment of risk of bias

All RCTs were evaluated for the risk of bias with the Cochrane
Collaboration’s Risk of Bias Tool."'”1 We assessed the risk of bias
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of RCTs using the following items: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other bias. Every parameter was classified
into 3 categories (low risk, high risk, and unclear risk). The risk of
bias of those studies was presented in Figure 2.

2.5. Statistical analysis

We carried out the meta-analysis with Review Manager 5.3. The
risk ratio (RR) with a 95% confidence interval (CI) was
presented. The Cochrane Handbook’s O test and 12 statistics
were used to evaluate the heterogeneity among these eligible
literatures."'®! If there was no significant heterogeneity (P>.05
and 12<50%), the fixed-effects model was applied. Else, the
random-effects model was used. The efficacy was analyzed in
patients valid for ITT. All statistical tests were 2 sided, and values
of P<.05 were considered as statistical significance.

3. Results

3.1. Description of the studies included

Flowchart of the search strategy is shown in Figure 1. Seventy-
one studies were identified through database searching and other
sources. Of 71 records screened, 8 RCTs!® 13! were eligible.
Table 1 shows characteristics of the 8 studies included. The 8
studies included 3495 patients randomized, of whom 1731
(49.5%) in OD mesalazine group and 1764 (50.5%) in BD
mesalazine group. The number of patients valid for ITT was

70 of records identified
through database searching

1 of additional records identified
through other sources

!

12 of records after duplicates removed ’

3

8 of RCT articles
assessed for eligibility

3

8 of studies included in
qualitative synthesis

4 of articles excluded, with
reasons:review(1),no

full-text(1), RCT reparted with
Paediatric UC(1),and irrelevant
study(1).

L

8 of studies included in
quantitative synthesis
(meta-analysis)

Figure 1. Flowchart of literature search.
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Figure 2. Risk of bias summary. This risk of bias tool incorporates the assessment of randomization, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. The items were judged as “low risk” “unclear risk,” or
“high risk”. Green means “low risk,” yellow means “unclear risk,” and red means “high risk.”

3375, of whom 1667 (49.4%) in OD mesalazine group and 1708
(50.6%) in BD mesalazine group.

3.2. Induction of remission
3.2.1. Clinical and endoscopic remission. Two RCTs

representing 379 patients (OD group, n=190; BD group, n=
189) reported clinical and endoscopic remission for induction of
remission of UC. The random-effects model was applied because
of significant heterogeneity (I* = 53%) among the studies revealed
by a heterogeneity test. A pooled analysis implied that there was
no significant difference in clinical and endoscopic remission rates
between the two treatment groups (RR=1.08, 95% CI: 0.74—
1.57, P=.71) (Fig. 3).

[6,12]

3.2.2. Clinical remission. Of 8 studies, 2 RCTs!®!?! represent-
ing 379 patients described clinical remission. Because of no
heterogeneity (P=.33, ?’=0%) between 2 studies, the fixed-
effects model was used. No notable difference was observed
between the 2 groups (RR=1.01, 95% CI: 0.79-1.29, P=.95)
(Fig. 4).

3.2.3. Adverse events. Adverse events were described in 3
RCTs.[%12131 A total of 486 patients (OD group, n=240; BD
group, n=246) were identified. There was no significant
difference between the 2 groups in the incidence of total AEs
(3 RCTs,/*'*13 n =586, RR=0.91, 95% CI: 0.74-1.13, P= 4,
I?=0; Fig. 5), treatment-related AEs (2 RCTs,'>13 n=284,
RR=1.12,95% CI: 0.67-1.85, P=.67, I*=0; Fig. 5), and serious
AEs (3 RCTs,!*!»13] n=486, RR=2.45, 95% CI: 0.97-6.18,
P=.06, I*=22%; Fig. 5).

3.3. Maintenance of remission
3.3.1. Clinical and endoscopic remission. Four RCTs

reported clinical and endoscopic remission. A total of 1962
patients (OD group, n=965; BD group, n=997) were identified
683 (70.8%) of patients in OD group and 688 (69.0%) of
patients in BD group achieved clinical and endoscopic remission.
The random-effects model was applied because of moderate
heterogeneity (I*=52%) among the studies. There was no
notable difference in clinical and endoscopic remission rate

[7,8,10,11]
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oD BD Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H.Random.95%Cl M-H.Random,95%Cl
Flourie 2013 5 101 42 101 587% 1.26 [0.94, 1.70] o
Lichtenstein 2007 26 89 30 88 41.3% 0.86 [0.55, 1.32] L
Total (95% Cl) 190 189 100.0% 1.08 [0.74, 1.57]
Total events 79 72

l i I
T

Heterogeneity: Tau? = 0.04; Chiz = 2.11,df =1 (P = 0.15); I = 53%

Test for overall effect: Z = 0.38 (P = 0.71) e - 0 S L

Favours [OD] Favours [BD]

Figure 3. Forest plot of RCTs of once daily versus twice daily mesalazine on clinical and endoscopic remission for induction of remission of ulcerative colitis. BD =
twice daily, OD=once daily, RCTs=randomized controlled trials.

oD BD Risk Ratio Risk Ratio
4 i . = ¢ i .
Flourie 2013 46 101 41 101 55.3% 1.12 [0.82, 1.54] i
Lichtenstein 2007 29 89 33 88 44.7% 0.87 [0.58, 1.30] =
Total (95% CI) 190 189 100.0% 1.01 [0.79, 1.29] ""'_""
Total events 75 74

Heterogeneity: Chi* = 0.96, df = 1 (P = 0.33); I = 0%

Test for overall effect: Z = 0.07 (P = 0.95) G R 3o B T

Favours [OD] Favours [BD]

Figure 4. Forest plot of RCTs of once daily versus twice daily mesalazine on clinical remission for induction of remission of ulcerative colitis. BD =twice daily, OD=
once daily, RCTs=randomized controlled trials.

oD BD Risk Ratio Risk Ratio

1.3.1 Total adverse events

Flourie 2013 33 102 34 100 32.5% 0.95[0.64, 1.41]
Lamet 2005 24 44 30 53 25.7% 0.96 [0.67, 1.38]
Lichtenstein 2007 38 94 44 93 41.8% 0.85[0.62, 1.18]
Subtotal (95% CI) 240 246 100.0% 0.91 [0.74, 1.13]
Total events 95 108

Heterogeneity: Chi? = 0.29, df = 2 (P = 0.87); = 0%
Test for overall effect: Z = 0.85 (P = 0.40)

1.3.2 Treatment-related adverse events

Lamet 2005 11 44 9 63 351% 1.47 [0.67, 3.23] — T =
Lichtenstein 2007 14 94 15 93 64.9% 0.92 [0.47, 1.80] =
Subtotal (95% Cl) 138 146 100.0% 1.12 [0.67, 1.85]

Total events 25 24

Heterogeneity: Chi? = 0.79, df = 1 (P = 0.38); I = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

1.3.3 Serious adverse events

Flourie 2013 5 102 3 100 50.9% 1.63 [0.40, 6.66] i

Lamet 2005 7 44 1 53 15.3% 8.43 [1.08, 65.94] -
Lichtenstein 2007 2 94 2 93 33.8% 0.99[0.14, 6.88] L

Subtotal (95% Cl) 240 246 100.0%  2.45[0.97, 6.18] e
Total events 14 6

Heterogeneity: Chi* = 2.55, df =2 (P = 0.28); I* = 22%
Test for overall effect: Z = 1.90 (P = 0.06)

6.1 0.2 0?5 1 2 5 10
Favours [OD] Favours [BDI]

Figure 5. Forest plot of RCTs of once daily versus twice daily mesalazine on adverse events for induction of remission of ulcerative colitis. BD =twice daily, OD =
once daily, RCTs=randomized controlled trials.
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oD BD Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Random. 95% Cl - 9
Bokemeyer 2012 124 175 110 187 20.7% 1.20 [1.03, 1.40] R
D'Haens 2012 323 415 316 411 37.3% 1.01[0.94, 1.09]
Kamm 2008 141 219 159 232 24.3% 0.94 [0.82, 1.07] -
Prantera 2009 95 156 103 167 17.7% 0.99 [0.83, 1.17] m
Total (95% Cl) 965 997 100.0% 1.03 [0.94, 1.12] i
Total events 683 688 ; )

Heterogeneity: Tau? = 0.00; Chi* = 6.23, df = 3 (P = 0.10); I> = 52%
Test for overall effect: Z = 0.55 (P = 0.58)

08509 1 11 1.2
Favours [OD] Favours [BD]

Figure 6. Forest plot of RCTs of once daily versus twice daily mesalazine on clinical and endoscopic remission for maintenance of remission of ulcerative colitis.

BD=twice daily, OD=once daily, RCTs=randomized controlled trials.

between OD and BD mesalazine group (RR=1.03, 95% CI:
0.94-1.12, P=.58) (Fig. 6).

3.3.2. Clinical remission. Clinical remission was described in 3
RCTs. A total of 1632 patients (OD group, n=804; BD group,
n=_828) were identified, and 658 (81.8%) of patients in OD
group and 655 (79.1%) of patients in BD group achieved clinical
remission. Because significant heterogeneity (P=.01, *=77%)
was detected among these studies, the random-effects model was
applied. No obvious difference was observed between the two
groups with respect to clinical remission (RR=1.06, 95% CI:
0.92-1.21, P=.42) (Fig. 7).

3.3.3. Adverse events. Five studies included reported adverse
events. There was no significant difference between the two
groups in the incidence of total AEs (4 RCTs!7-#1%11 n=1978,
RR=1.05,95% CI: 0.94-1.16, P=.39, I*=0; Fig. 8), treatment-
related AEs (2 RCTs,'%" n=790, RR=1.04, 95% CI: 0.68—
1.60, P=.85, I’=0; Fig. 8), and serious AEs (5 RCTs," I n=
3001, RR=1.54, 95% CI: 0.97-2.42, P=.06, I*=0; Fig. 8).

4. Discussion

Three meta-analyses' 1% have assessed the efficacy and safety of

OD compared with multiple daily regime dosing of mesalazine,
but no meta-analysis to evaluate these between OD and BD
regime dosing of mesalazine was found. So, this meta-analysis
was performed to evaluate the efficacy and safety of OD
compared with BD regime dosing of mesalazine for mild-to-
moderate UC. The results implied that OD was as effective and
safe as BD regime dosing of mesalazine for induction and
maintenance of remission of UC.

With regard to the efficacy between the 2 treatments, OD
regime dosing of mesalazine was as effective as BD regime dosing

in clinical and endoscopic remission (induction of remission, OD
vs BD, 41.6% vs 38.1%, P=.71; maintenance of remission, OD
vs BD, 70.8% vs 69%, P=.58) for UC. Similar results were found
with regard to the clinical remission (induction of remission, OD
vs BD, 39.5% vs 39.2%, P=.95; maintenance of remission, OD
vs BD, 81.8% vs 79.1%, P=.42). Regardless of clinical and
endoscopic remission or clinical remission, it seemed that OD
regime dosing of mesalazine was more effective than BD regime
dosing, but no notable difference was found.

In terms of safety, OD regime dosing of mesalazine was as safe
as BD regime dosing regardless of total AEs, treatment-related
AEs or serious AEs because of no significant difference between
the two groups in the incidence of total AEs, treatment-related
AEs, and serious AFs.

Newer mesalazine formulations with luminal release proper-
ties could reduce the toxicity and improve the curative
effect.’'”2% The same efficacy and safety between OD and BD
regime dosing may be associated with the characteristics of newer
mesalazine formulations.

Although no difference between the 2 groups, taking less
frequent dosing could improve compliance to treatment for
UC.21:221 tudies about compliance are needed to compare OD
to BD regime dosing of mesalazine for UC in the future.

Some limitations of this meta-analysis were described as
following. Of 8 studies included, 7 studies did not report blinding
of outcome assessment, increasing the detection bias of the meta-
analysis. In addition, the drug dosage among various studies was
inconsistent. These limitations may increase the risk of bias of this
meta-analysis.

In conclusion, OD is as effective and safe as BD regime dosing
of mesalazine for mild-to-moderate UC. And OD regime dosing
of mesalazine is more convenient than BD regime because
patients need long-term medication for UC.

oD BD
D'Haens 2012 124 175 110 187 28.6%
Prantera 2009 106 156 110 167 28.6%
Sandborn 2010 428 473 435 474 42.8%
Total (95% CI) 804 828 100.0%
Total events 658 655

Heterogeneity: Tau? = 0.01; Chi*= 8,57, df =2 (P = 0.01); P=77%
Test for overall effect: Z = 0.80 (P = 0.42)

Risk Ratio Risk Ratio
0, 7 om. 95% Cl
1.20[1.03, 1.40] =
1.03 [0.88, 1.20] -

0.99 [0.95, 1.03]

.

08509 1 11 1.2
Favours [OD] Favours [BD]

1.06 [0.92, 1.21]

Figure 7. Forest plot of RCTs of once daily versus twice daily mesalazine on clinical remission for maintenance of remission of ulcerative colitis. BD =twice daily,

OD=once daily.
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oD BD Risk Ratio Risk Ratio

_Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% CI -H. Fi 9

1.6.1 Total adverse events

Bokemeyer 2012 7™ 1716 68 187 16.6% 1.18 [0.91, 1.52]

D'Haens 2012 154 415 148 411 37.6% 1.03 [0.86, 1.23]

Kamm 2008 88 225 86 234 21.3% 1.06 [0.84, 1.34]

Prantera 2009 92 162 99 169 24.5% 0.97 [0.81, 1.17]

Subtotal (95% CI) 977 1001 100.0% 1.05 [0.94, 1.16]

Total events 409 401

Heterogeneity: Chi? = 1.54, df = 3 (P = 0.67); I’ = 0%

Test for overall effect: Z = 0.87 (P = 0.39)

1.6.2 Treatment-related adverse events

Kamm 2008 25 225 22 234 57.9% 1.18 [0.69, 2.03] =

Prantera 2009 13 162 16 169 421% 0.85[0.42, 1.71] =

Subtotal (95% CI) 387 403 100.0% 1.04 [0.68, 1.60] -

Total events 38 38

Heterogeneity: Chi? = 0.54, df = 1 (P = 0.46); I’ = 0%

Test for overall effect: Z=0.19 (P = 0.85)

1.6.3 Serious adverse events

Bokemeyer 2012 6 175 4 187 13.1% 1.60 [0.46, 5.58] -

D'Haens 2012 6 415 3 411 102% 1.98 [0.50, 7.87] -

Kamm 2008 9 225 9 234 298% 1.04 [0.42, 2.57] O

Prantera 2009 6 162 5 169 16.5% 1.25[0.39, 4.02] =

Sandborn 2010 18 512 9 511 304% 2.00[0.91, 4.40] N

Subtotal (95% CI) 1489 1512 100.0% 1.54 [0.97, 2.42] g

Total events 45 30

Heterogeneity: Chi? = 1.39, df =4 (P = 0.85); I’= 0%

Test for overall effect: Z = 1.84 (P = 0.07)

0.2 0.5 1 2 5

Favours [OD] Favours [BD]

Figure 8. Forest plot of RCTs of once daily versus twice daily mesalazine on adverse events for maintenance of remission of ulcerative colitis. BD =twice daily, OD=

once daily, RCTs=randomized controlled trials.
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