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Abstract

Background

Ulcerative colitis (UC) is a chronic and remitting inflammatory disease that is characterized
by chronic idiopathic inflammation of the colon and bloody diarrhea. Currently drug treat-
ment is the main intervention for patients with mild to moderate UC. Mesalazine (5-ASA)
and beclomethasone dipropionate (BDP) have been widely used for the treatment of UC
and have yielded satisfactory results. This study compared the effectiveness of 5-ASA and
BDP in the treatment of UC.

Methods

The PubMed, Medline, SinoMed, Embase, and Cochrane Librinary databases were
searched for eligible studies. Data were extracted by two of the coauthors independently
and were analyzed using RevMan statistical software, version 5.3. Weighted mean differ-
ences (WMDs), odds ratios (ORs), and 95% confidence intervals (Cls) were calculated.
Cochrane Collaboration’s Risk of Bias Tool was used to assess the risk of bias.

Results

Seven randomized controlled trials that compared BDP with 5-ASA in treating UC were
identified as eligible. The methodological quality of the trials ranged from low to moderate. A
pooled analysis of effectiveness based on the Disease Activity Index (DAI) or other assess-
ment method after treatment revealed that in the treatment of UC, there are no obvious dif-
ferences between BDP and 5-ASA in inducing remission and clinical improvement (OR =
0.76, 95% CIl = 0.56-1.03, P = 0.08). The total numbers of adverse events associated with
BDP and 5-ASA treatments for UC were similar (OR = 1.21, 95% CI =0.71-2.09, P = 0.48).
The safety profiles for these two drugs are good. According to subgroup-analysis, we found
no obvious differences of clinical efficacy between BDP and 5-ASA no matter oral or enema
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administration was used in the treatment of UC. A sensitivity analysis demonstrated the sta-
bility of the pooled results.

Conclusion

During induction treatment of mild to moderate UC, there is no obvious difference between
the two groups with respect to remission and clinical improvement. Given that the upper
confidence limit for the OR barely exceeds 1.0 and that the p-value is close to 0.05 for this
primary efficacy outcome as well as that the horizontal block lies to the left of the vertical
line, it indicates that the clinical efficacy of BDP may be better than 5-ASA. However, taking
into account that BDP has the risk of hypothalamic-pituitary-adrenal axis (HPA) suppres-
sion, 5-ASA has a potential advantage of safety in the treatment of mild to moderate UC.

Introduction

Ulcerative colitis (UC) is an idiopathic condition characterized by intermittent episodes of
chronic inflammatory bowel disease that has become a worldwide disease [1]. Studies have sug-
gested that UC may be a disorder of the immune system caused by changes in the environment
[2,3]. Related studies have shown that approximately 600,000 people in the United States are
affected by the disease [4]. UC carries a high burden of morbidity because of its long duration
and recurrent attacks. Patients often experience intermittent episodes of disease activity that
can seriously affect their health and quality of life [5]. Currently, the main treatment methods
for UC are drug therapy and surgical treatment. The only major indications for surgical treat-
ment are life-threatening acute severe UC, ineffectiveness of drug treatment, and recurrence
and serious impact on daily living in patients with chronic UC. It was noted in the 2010 Ameri-
can Gastroenterology Practice Guidelines that topical or oral 5-aminosalicylic acid (5-ASA)
and corticosteroids can be recommended as treatments for mild-to-moderate UC [6].

5-ASA, also known as mesalazine, has been recommended as a first-line drug for UC treat-
ment [7]. So far, the mechanism of 5-ASA is not completely understood, and Rousseaux C
et al. [8] found that 5-ASA may exert anti-inflammatory effects through inhibition of leukotri-
ene and prostaglandin E as well as production of free radicals. Glucocorticosteroid drugs were
first used over 60 years ago, and the first controlled trial demonstrating their efficacy in the
treatment of UC was conducted in the 1950s [9,10]. Glucocorticoids reduce inflammation by
down-regulating the transcription of genes involved in pro-inflammatory cytokines, inhibition
of inflammatory tissue adhesion molecule expression, and activation of immune cells [11].
However, glucocorticosteroid drug use is limited by the frequent and sometimes severe side
effects of such drugs. Steroid-related side effects include metabolic, dermatological, gastrointes-
tinal, musculoskeletal (ranging from osteopenia to osteoporosis), and central nervous system
effects, as well as hypertension, hypothalamic-pituitary-adrenal axis suppression, and infec-
tions [12]. Thus, a second generation of corticosteroids with fewer and less severe systemic
effects has been developed. Beclomethasone dipropionate (BDP) is a second-generation corti-
costeroid with a first-pass effect and low systemic bio-availability characteristics. It has strong
anti-inflammatory effects and could largely reduce the long-term complications associated
with traditional corticosteroids and inhibition of the hypothalamus—pituitary—adrenal axis
[13]. A study has shown that BDP can effectively reduce the incidence of long-term complica-
tions [14]. The anti-inflammatory activity of BDP in the treatment of UC has been demon-
strated in several clinical trials [15,16]. Some studies have shown that BDP can be considered a
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viable alternative to topical 5-ASA therapy with significantly lower inhibition of plasma corti-
sol levels [17,18]. However, the latest published meta-analysis by Manguso and Balzano indi-
cated that BDP and 5-ASA have the same efficacy in inducing clinical remission of UC [19].
Whether BDP is more efficacious in the treatment of UC should be examined. To conduct an
updated study and to provide more evidence for clinical decision-making, we collected pub-
lished and unpublished studies covering randomized controlled trials (RCT's) of BDP vs.
5-ASA in the treatment of UC and performed a meta-analysis to evaluate its efficacy and
safety.

Materials and Methods

Data sources and search strategy

A computerized search of the PubMed, Medline, SinoMed, Embase, and Cochrane Library
databases was conducted from inception to June 2015 (XZ, NL, TM). The databases were que-
ried for eligible literature using combinations of the following keywords: Beclomethasone
dipropionate or BDP, 5-aminosalicylic acid or 5-ASA, mesalazine or mesalamine, and ulcera-
tive colitis. The search was limited to human subjects. The titles and abstracts of potentially rel-
evant studies identified by the computerized search were reviewed. Furthermore, the reference
lists of the retrieved studies were also assessed to identify additional relevant articles. In addi-
tion, we reviewed abstracts from a conference of the major worldwide Inflammatory Bowel
Disease (IBD) meeting.

Inclusion and exclusion criteria

The inclusion criteria were the following: (1) the study included outpatients of either sex, aged
18 to 70 years, with a clinical, endoscopic, and histological diagnosis of mild-to-moderate
ulcerative colitis (proctitis, proctosigmoiditis, and left-sided colitis); (2) outcomes at least
included Disease Activity Index (DAI) [20] scores or other indexes of clinical improvement;
(3) patients were treated with either BDP or 5-ASA; (4) the study covered published clinical
RCTs or retrospective, controlled studies; and (5) studies covering the same populations were
represented by only the most eligible study.

The exclusion criteria used were as follows: (1) data description or sample information that
was insufficiently clear; (2) inappropriate statistical methods; and (3) application of other
drugs or therapies during the treatment.

Assessment of quality and data extraction

Two coauthors (CLW, JW) independently reviewed all of the titles and abstracts of the
searched papers. The full texts of potentially qualified papers that met the inclusion criteria
were examined to determine whether they were indeed eligible. Extracted data included the
characteristics of the eligible studies, such as period, country, study design, sample size, sex,
mean age, disease location, evaluation method, number of interventions, and relevant out-
comes. Advice was sought through discussion or from a third partner (SYY) to resolve incon-
sistent evaluations.

Outcomes

The primary outcomes were remission rate and clinical improvement as assessed by the DAI
or other similar scores in each study, and the secondary outcome measures were changes in
single DAI parameters and the safety of the two drugs, such as drug-related adverse events
(AEs) (e.g., morning plasma cortisol levels, monitoring of pituitary-adrenal insufficiency,
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laboratory parameters, and clinical signs). Major signs of pituitary-adrenal dysfunction include
leg edema, Cushing-like syndrome, or newly diagnosed high blood pressure and diabetes. The
following laboratory parameters were collected: white blood cell (WBC) count, red blood cell
(RBC) count, hemoglobin, platelet count, and levels of plasma glucose, BUN, creatinine, ala-
nine aminotransferase, aspartate aminotransferase, sodium, potassium, and magnesium.

Risk of bias

The risks of bias for RCT studies were evaluated with the Cochrane Collaboration’s Risk of
Bias Tool. Seven parameters were evaluated for each included study: random sequence genera-
tion, allocation concealment, blinding, incomplete outcome data, selective outcome reporting,
and other risks. Items were judged as "low risk", "unclear risk", or "high risk".

Statistical analysis

A meta-analysis was conducted using the software Review Manager 5.3 (Cochrane Collabora-
tion, http://tech.cochrane.org/revman/download). For dichotomous outcomes, the odds ratio
(OR) and 95% confidence interval (CI) were calculated, whereas for continuous outcomes, the
standardized mean difference (SMD) and 95% CI were used. The SMD was preferred over the
weighted mean difference because different measurement indexes that adopted different tools
were used in the various studies. Raw data for each outcome were extracted and converted into
individual 2x2tables (BDP vs. 5-ASA). The Cochrane Handbook's Q test and I? statistic were
used to determine the heterogeneity among the studies. If there was significant heterogeneity
(P < 0.05, I > 50%), a random-effects model was used. Otherwise, fixed-effects models were
applied if there was no significant heterogeneity (P > 0.05, I* < 50%). Subgroup analyses based
on the formulations of 5-ASA and BDP (oral vs. enema) were performed to compare the effica-
cies of the two drugs. In our meta-analysis, if the degree of heterogeneity was greater than the
statistical test results, a sensitivity analysis was performed.

Results
Data extraction

Of the 1591 citations identified based on a study of the subject and summary of the literature,
1536 articles were excluded due to duplication. Fifty-five literatures were remained. Based on
the title and abstracts review, 35 irrelevant articles were excluded. Twenty full text articles were
assessed for eligibility. Finally, seven clinical studies satisfied the inclusion requirements [21-
27]. A detailed study flow diagram is shown in Fig 1.

Study characteristics

The characteristics of the included studies are presented in Table 1. The 7 assessed studies
included six in English and one in Italian; useful information was translated when necessary.
Among the seven eligible studies, five studies evaluated the curative effects of either BDP or
5-ASA in the treatment of UC, whereas two trials evaluated the two drugs in combination com-
pared with single administration. We extracted relevant useful data to conduct our analyses.
The majority of patients enrolled in these studies had standard clinical, endoscopic, and histo-
logical diagnoses of mild to moderate distal UC (proctitis, proctosigmoiditis, and left-sided
colitis). The included studies were conducted from 1996 to 2015 and involved a total of 748
people (380 patients treated with BDP and 368 patients treated with 5-ASA). The average fol-
low-up duration ranged from 4 to 8 weeks. The primary clinical outcomes were not consistent
between the identified studies. Efficacy was evaluated by the DAI or other similar indexes.
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Fig 1. Flow diagram for selection of randomized controlled trials (RCTs) included in the meta-

analysis.
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According to the specifics of each study, the authors formulated remission and clinical
improvement criteria for statistical analysis. Among the included studies, only two articles eval-
uated the therapeutic effects of oral drugs [21,27]. The other five studies evaluated drugs
administered by rectal enemas; therefore, we performed a subgroup analysis to compare BDP
and 5-ASA using the same pharmaceutical preparation (oral or enema) [22-26].

Methodological assessment of study quality

The methodological quality assessment of the 7 included studies is presented in Fig 2. The
quality of these studies was low to moderate. Of the 7 RCT's, most studies clearly adopted ran-
dom sequence generation using random number tables. Three studies [24-26] were double-
blind, whereas the remaining four studies [21-23,27] were single-blind. Four studies [22-25]
adopted adequate methods of allocation concealment, whereas the remaining three studies
[21,26,27] did not describe concrete methods of concealment. Four studies [21-24] adopted
adequate methods of randomization (e.g., computer-generated randomization schemes). Three
studies that did not mention any information about their randomization methods were rated
as unclear [24,26,27]. However, the method of randomization and the allocation concealment
were not described in detail in some studies, which gave rise to high risks of selection and mea-
surement bias. The quality of the tests conducted by such studies thus exhibited a high risk of
selection bias, which may have affected the results.

Remission and clinical improvement

From the aforementioned studies, to assess UC patients’ remission and clinical improvement,
we identified a total of 748 UC patients: 380 patients in the BDP treatment group and 368 in
the 5-ASA treatment group. Treatment times were 4 to 8 weeks. Efficacy was evaluated by the
DATI or according to a study’s own formulated remission criteria for statistical analysis. Based
on a summary of the data from each study, 230 (60.53%) patients in the BDP group achieved
remission and clinical improvement, compared with 245 (66.58%) patients in the 5-ASA
group. There was no heterogeneity between studies (P = 0.68, I* = 0%), so we used the fixed-
effects model to pool the data. The overall estimate indicated that the pooled OR was 0.76 (95%
CI =0.56-1.03, P = 0.08) and there is no obvious difference between the two groups with
respect to remission induction and clinical improvement (Fig 3). Given that the upper confi-
dence limit for the OR barely exceeds 1.0 and that the p-value is close to 0.05 for this primary
efficacy outcome as well as that the horizontal block lies to the left of the vertical line, it indi-
cates that the potential clinical efficacy of BDP may be better than 5-ASA.

Subgroup analysis

We then conducted a subgroup analysis to compare BDP and 5-ASA using the same pharma-
ceutical preparation (oral or enema). In the oral subgroup analysis, there was moderate hetero-
geneity between studies (P = 0.26, I? = 21%), so we used the fixed-effects model to pool the
data. The overall estimate indicated that the pooled OR was 0.66 (95% CI = 0.39-1.12,

P =0.12). In the subgroup analysis of studies on the effects of enema pharmaceutical prepara-
tions of the two drugs, no statistically significant heterogeneity was detected for this compari-
son (P = 0.68, I = 0%OR = 0.81, 95% CI = 0.56-1.18, P = 0.28). There is no obvious difference
between the two groups with respect to remission induction and clinical improvement (Fig 4).
Given that the upper confidence limit for the OR barely exceeds 1.0 and that the horizontal
block lies to the left of the vertical line, it indicates that the clinical efficacy of BDP may be bet-
ter than 5-ASA.
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BDP 5-ASA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
Biancone 2007 39 51 33 48 8.4% 1.48 [0.61, 3.60] -
Franze 1999 16 37 19 34 11.7% 0.60 [0.24, 1.54] - 1
Gionchetti 2005 74 111 78 106 27.8% 0.72[0.40, 1.29] &
M.CAMPIERI 2003 57 91 59 87 23.6% 0.80[0.43, 1.48] -
Mulder 1996 14 20 16 21 4.9% 0.73[0.18, 2.92] - 1
P.CRISPINO 2015 18 40 20 40 11.5% 0.82[0.34, 1.97] -
Pica R 2013 12 30 20 32 121% 0.40[0.14, 1.11] - 7
Total (95% Cl) 380 368 100.0% 0.76 [0.56, 1.03] ‘
Total events 230 245 . . . .

Heterogeneity: Chi? = 3.98, df = 6 (P = 0.68); I = 0% !

Test for overall effect: Z=1.77 (P = 0.08) Favours [BDP] Favours [5-ASA]

0.01 0.1 1 10 100

Fig 3. Forest plot of randomized controlled trials of BDP vs. 5-ASA in inducing remission and clinical improvement in ulcerative colitis. BDP,

beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g003

Reduction of DAl parameters

For the assessment of UC patients’ remission and clinical improvement, the studies evaluated

herein used the DAI or other similar grading systems. The DAI score is based on stool fre-
quency, rectal bleeding, the physician-derived disease activity score, and intestinal mucosa

BDP 5-ASA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
1.2.1 Oral
M.CAMPIERI 2003 57 91 59 87 23.6% 0.80[0.43, 1.48] =
Pica R 2013 12 30 20 32 121% 0.40[0.14, 1.11] -
Subtotal (95% CI) 121 119 35.7% 0.66 [0.39, 1.12] ‘
Total events 69 79

Heterogeneity: Chiz = 1.27,df =1 (P = 0.26); = 21%
Test for overall effect: Z=1.54 (P = 0.12)

1.2.2 Enema

Biancone 2007 39 51 33 48 8.4% 1.48 [0.61, 3.60] -
Franze 1999 16 37 19 34 11.7% 0.60 [0.24, 1.54] -
Gionchetti 2005 74 111 78 106 27.8% 0.72[0.40, 1.29] T
Mulder 1996 14 20 16 21 4.9% 0.73[0.18, 2.92] - 1
P.CRISPINO 2015 18 40 20 40 11.5% 0.82[0.34, 1.97] -
Subtotal (95% CI) 259 249 64.3% 0.81 [0.56, 1.18] ‘
Total events 161 166

Heterogeneity: Chi? = 2.33, df = 4 (P = 0.68); I = 0%
Test for overall effect: Z = 1.08 (P = 0.28)

Total (95% Cl) 380 368 100.0% 0.76 [0.56, 1.03] ‘
Total events 230 245

Heterogeneity: Chiz = 3.98, df =6 (P = 0.68); 1= 0% '
Test for overall effect: Z=1.77 (P = 0.08)

Favours [BDP] Favours [5-ASA
Test for subgroup differences: Chi? = 0.40, df =1 (P = 0.53), I>= 0% [ ] [ ]

0.01 0.1 1 10 100

Fig 4. Forest plot of randomized controlled trials of BDP vs. 5-ASA with two pharmaceutical preparations (oral or enema) in inducing remission

and clinical improvement in ulcerative colitis. BDP, beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g004
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BDP 5-ASA Mean Difference Mean Difference
r r Mean D Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Gionchetti 2005 05 07 111 04 0.7 106 44.6% 0.10 [-0.09, 0.29]
M.CAMPIERI 2003 0.65 0.12 91 0.83 0.2 87 55.4% -0.18 [-0.23, -0.13] =
Total (95% ClI) 202 193 100.0% -0.06 [-0.33, 0.22]
e 2= . Chiz = - = . |2 = 890, } } t } }
Heterogeneity: Tau? = 0.03; Chi? = 8.12, df = 1 (P = 0.004); I* = 88% 05 025 0 095 05

Test for overall effect: Z = 0.40 (P = 0.69) Favours [BDP] Favours [5-ASA]

Fig 5. Forest plot of randomized controlled trials of BDP vs. 5-ASA in inducing Reduction of DAl parameters: stool frequency, in ulcerative
colitis. BDP, beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g005

BDP 5-ASA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cli
Gionchetti 2005 02 05 111 01 04 106 456% 0.10 [-0.02, 0.22] B L E—
M.CAMPIERI 2003 0.23 0.1 91 0.33 0.1 87 54.4% -0.10[-0.13, -0.07] L

Total (95% CI) 202 193 100.0%  -0.01 [-0.20, 0.19] ,

Heterogeneity: Tau? = 0.02; Chi? = 9.97, df = 1 (P = 0.002); I? = 90% y y ' i i
Test f Il effect: Z = 0.09 (P = 0.93 02 01 0 01 0.
est for overall effect: Z=0.09 (P = 0.93) Favours [BDP] Favours [5-ASA]

Fig 6. Forest plot of randomized controlled trials of BDP vs. 5-ASA in inducing Reduction of DAl parameters: rectal bleeding, in ulcerative
colitis. BDP, beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g006

quality. In three of the studies, assessment of the DAI scores after 4 or 6 weeks of treatment
with the two drugs revealed significant DAI reductions [21,22,24]. A pooled analysis was per-
formed for two of the studies, which had concrete DAI score values [21,22].

Stool frequency. Stool frequency was compared between the two drug treatments. A het-
erogeneity test revealed significant heterogeneity among the studies (P = 0.004, I* = 88%), so the
random-effects model was used. A pooled analysis revealed that there was no significant differ-
ence between the BDP and 5-ASA groups (SMD = -0.06, 95% CI = -0.33-0.22, P = 0.69) (Fig 5).

Rectal bleeding. Rectal bleeding was compared between the two drug treatments. A hetero-
geneity test revealed significant heterogeneity among the studies (P = 0.002, I” = 90%), so the
random-effects model was used. A pooled analysis revealed that there was no significant differ-
ence between the BDP and 5-ASA groups (SMD =-0.01, 95% CI = -0.20-0.19, P = 0.93) (Fig 6).

Physician-derived disease activity scores. The physician-derived disease activity scores
were compared between the two drug treatments. A heterogeneity test revealed moderate het-
erogeneity among the studies (P = 0.19, I? = 41%), so the fixed-effects model was used. A
pooled analysis suggested that the difference between the two groups was statistically signifi-
cant (SMD = -0.10, 95% CI = -0.13 —-0.07, P < 0.00001) (Fig 7).

Intestinal mucosa. Intestinal mucosa was compared between the two drugs. A heterogene-
ity test revealed significant heterogeneity among the studies (P < 0.00001, I = 100%), so the ran-
dom-effects model was used. A pooled analysis revealed that there was no significant difference
between the BDP and 5-ASA groups (SMD = -24.28, 95% CI = -71.78-23.23, P = 0.32) (Fig 8).

Safety evaluation: complications and side-effects

Through a careful reading of the seven included studies, four were found to contain relevant
data on patients with side effects, comprising a total of 547 patients; specifically, 37 out of 282
patients undergoing treatment with BDP reported adverse events, and 28 out of 265 patients
undergoing treatment with 5-ASA showed side effects [21,22,24,27]. A pooled analysis indicated
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activity scores, in ulcerative colitis. BDP, beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g007
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Fig 8. Forest plot of randomized controlled trials of BDP vs. 5-ASA in inducing Reduction of DAl parameters: intestinal mucosa, in ulcerative

colitis. BDP, beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g008
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Fig 9. Forest plot of randomized controlled trials of BDP vs. 5-ASA in inducing complications and side-effects in ulcerative colitis. BDP,

beclomethasone dipropionate. 5-ASA, mesalazine. M-H, Mantel-Haenszel.

doi:10.1371/journal.pone.0160500.g009

Favours [BDP] Favours [5-ASA]

that there was no obvious difference in the incidence of complications and side-effects between
two groups (OR = 1.21, 95% CI = 0.71-2.09, P = 0.48). (Fig 9). 17 patients received BDP, requir-

ing drug discontinuation due to reported bloody or diarrhoea. Four patients of BDP group

observed the reduction of mean plasma cortisol and had mild signs of hypothalamic-pituitary-
adrenal axis (HPA) suppression. 10 patients received 5-ASA, requiring drug discontinuation
due to reported abdominal pain or bowel tenderness. No clinically relevant change in laboratory
parameters was observed in any study at the end of the treatment period. Taking into account
that BDP has the risk of hypothalamic-pituitary-adrenal axis (HPA) suppression and that the
horizontal block lies to the right of the vertical line, it indicates that the safety profile of 5-ASA
may be better than BDP in the treatment of mild to moderate UC.
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Sensitivity analysis

Of the 7 studies, three studies that reported UC remission did not use DAI scores instead of
Clinical Activity Index (CAI) scores or other similar criteria [23,25,26]. Therefore, we con-
ducted a sensitivity analysis to determine whether the exclusion of these studies would change
the effect estimate. Exclusion of these 3 studies from the meta-analysis did not substantially
influence the summary estimate.

Discussion
Summary of main results

The development of 5-ASA and BDP topical formulations in recent years represents an impor-
tant breakthrough in controlling the development of UC [28]. Although the efficacy of 5-ASA
in UC treatment is significant, due to the larger and more frequent daily dose of 5-ASA
required, patient's compliance is a challenge. However, once daily dosed formulation of 5-ASA
is now available and improved patient's compliance [29]. BDP, a new second-generation gluco-
corticoid drug with low systemic bio-availability, has fewer side effects. Studies have shown
that BDP at 3 mg/day and 5-ASA at 1-4 g/day (rectal administration) for the control of acute-
phase distal UC have equal effects [22,24-26]. Although BDP has a satisfactory safety profile
and clinical efficacy, its role in clinical practice is not yet well established.

In this study, we identified 7 RCT's investigating the efficacy, safety, and DAI scores associ-
ated with BDP and 5-ASA intervention. Our meta-analysis showed that BDP is as effective as
5-ASA in inducing remission and clinical improvement, thus demonstrating that in the treat-
ment of UC, BDP and 5-ASA are equally efficacious. A subgroup analysis performed between
different formulations of the drugs yielded the same results.

The decrease in DAI scores by BDP and 5-ASA interventions in the 7 included studies
should also be discussed. These studies assessed UC patients’ remission and clinical improve-
ment using the DAI or another similar grading system. DAI parameters included stool fre-
quency, rectal bleeding, physician-derived disease activity score, and intestinal mucosa. Four
studies assessed the DAI scores after 4 or 6 weeks of treatment with the two drugs and revealed
significant decreases [21,22,24,27]. Only two studies had concrete values of DAI parameters
[21,22]. A comparison of the data from these two studies showed that there was no difference
between the two drug treatments with regard to stool frequency, rectal bleeding, and intestinal
mucosa. However, there was a difference in the physician-derived disease activity scores (SMD
=-0.10,95% CI = -0.13 —-0.07, P < 0.00001). Our analysis shows that BDP use in the treatment
of UC tends to get a low score in the physician's rating of disease activity, i.e., when treated
with BDP, the disease goes into remission more easily.

The complications and side-effects noted in the 7 included studies should also be discussed.

One study reported that a patient developed serious pneumonia during the treatment with
BDP. Ultimately, however, through investigation and judgment, the study concluded that the
pneumonia that developed during the treatment of UC was not related to the study drug. In
the BDP group, morning plasma cortisol levels remained unchanged compared with baseline
values. During the treatment period, there were no clinically relevant changes in the laboratory
parameters in either group [22]. In the literature, a detailed description of the specific side
effects observed in 2007 noted the occurrence of bloody stool and diarrhea in BDP group;
abdominal pain and bowel tenderness in 5-ASA group [24]. In Pica R’s study, safety was evalu-
ated by monitoring adverse events, hematochemical parameters, and the study observed four
patients in the BDP treatment group with mild signs of hypothalamic-pituitary-adrenal axis
suppression [27]. In M. Campieri’s study, the incidence of adverse events was remarkably low
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in both treatment groups. Only two patients had adverse events; specifically, one patient in the
BDP group reported menorrhagia, and one patient in the 5-ASA group developed influenza
symptoms [21]. Although many patients reported adverse effects, most of these effects were
relatively mild and of short duration. And no clinically revevant change in WBC, blood pres-
sure, heart rate, body weight or other haematochemical parameters was observed in both
groups. In summary, taking into account that the BDP has the risk of hypothalamic-pituitary-
adrenal axis (HPA) suppression, 5-ASA has a potential advantage in the treatment of mild to
moderate UC.

Comparison with previous studies

In 2015, a recently completed systematic review of the treatment of UC supported the use of
rectal therapies (corticosteroids and 5-ASA) for both induction and maintenance of remission
in patients with distal forms of UC [30]. A study by Claudio Papi et al. enrolled 64 UC patients
from January 2003 to December 2006 who were unresponsive to first-line treatment with
5-ASA; these patients received an 8-week course of oral BDP at a standard dose of 10 mg/day
for 4 weeks and 5 mg/day for an additional 4 weeks. The study demonstrated that oral BDP
could be a useful alternative to systemic corticosteroids as a second-line treatment for patients
with UC who fail to respond to appropriate first-line treatment with 5-ASA [31]. After analysis,
some of the studies included herein showed that the rectal administrations of BDP 3 mg/day
and 5-ASA 1-4 g/day for the control of acute-phase distal UC have equal effects [22,24-26].
Another meta-analysis demonstrated that compared with conventional oral multidose (2 or 3
times daily) of 5-ASA, the once daily dosing of oral formulation of 5-ASA could improve
patient's compliance and had equal efficacy in the treatment of mild to moderate UC [29].

To our knowledge, this is the first systematic review and meta-analysis comparing the effi-
cacy and safety of BDP and 5-ASA for the treatment of UC performed with seven low- or mod-
erate-quality RCT's. A meta-analysis published in 2007, which included only four RCT studies,
found that BDP was equivalent to 5-ASA in inducing remission and clinical improvement
[20]. However, the study was published nearly 8 years ago and identified only four RCTs com-
paring the two therapies. Moreover, that meta-analysis did not mention the side effects of the
therapies. In our meta-analysis, we included the latest clinical RCT's of BDP and 5-ASA and
excluded studies with a high risk of bias. To our knowledge, there has never been a comparably
comprehensive and systematic review of UC treatment with BDP and 5-ASA to compare the
safety and efficacy of the two drugs. To evaluate possible sources of heterogeneity, we also per-
formed a subgroup analysis of different formulations and performed a sensitivity analysis to
assess the influence of each study on the overall pooled estimate.

Limitations of the study

Certain limitations of our meta-analysis should be described. First, causing that follow-up
times of these included studies were less than 8 weeks, the comparison between BDP and
5-ASA mainly limited to induction treatment phase. Second, most patients had mild-moderate
UC and a majority with only left sided disease, which limiting more wide applicability of these
drugs; Third, some of the studies were of low quality and had relatively small sample sizes, thus
the scarcity of high-quality, multi-center, large-sample standard RCT's which directly compar-
ing these two drugs may influence the reliability of these results in this study. Fourth, the crite-
ria for disease remission and recovery varied in each study. Moreover, there is no effective dose
standard for treatment with 5-ASA and BDP, so there was a lack of uniformity of drug dosage
and treatment duration among the various studies. Finally, in some studies, allocation of con-
cealment was not reported, raising the issue of whether these trials were truly double-blind.
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These limitations, together with the fact that there were few trials making the comparisons of
interest, mean that the true efficacy of these agents may not be as clear as the summary esti-
mates from this meta-analysis would suggest.

Conclusions

In summary, during induction treatment of mild to moderate UG, there is no obvious differ-
ence between the two groups with respect to remission and clinical improvement. Given that
the upper confidence limit for the OR barely exceeds 1.0 and that the p-value is close to 0.05
for this primary efficacy outcome as well as that the horizontal block lies to the left of the verti-
cal line, it indicates that the clinical efficacy of BDP may be better than 5-ASA. However, taking
into account that BDP has the risk of hypothalamic-pituitary-adrenal axis (HPA) suppression,
5-ASA has a potential advantage of safety in the treatment of mild to moderate UC. Further
studies, particularly longitudinal, high-quality, multi-center, large-sample standard RCTs to
directly compare the two drugs, are warranted for further verification.
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