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Background/Aims: To evaluate the efficacy and safety of
adalimumab (ADA) in moderately to severely active ulcerative
colitis (UC) patients who are unresponsive to traditional ther-
apy. Methods: Electronic databases, including the PubMed,
Embase, and Cochrane databases, were searched to April
20, 2014. UC-related randomized controlled trials (RCTs) that
compared ADA with placebo were eligible. Review Manager
5.1 was used for data analysis. Results: This meta-analysis
included three RCTs. ADA was considerably more effective
compared with a placebo, and it increased the ratio of pa-
tients with clinical remission, clinical responses, mucosal
healing and inflammatory bowel disease questionnaire re-
sponses in the induction and maintenance phases (p<0.05),
as well as patients with steroid-free remission (p<0.05) dur-
ing the maintenance phase. Clinical remission was achieved
in a greater number of UC cases in the ADA 160/80/40 mg
groups (0/2/4 week, every other week) compared with the
placebo group at week 8 (p=0.006) and week 52 (p=0.0002),
whereas the week 8 clinical remission rate was equivalent
between the ADA 80/40 mg groups and the placebo group.
Among the patients who received immunomodulators (IMM)
at baseline, ADA was superior to the placebo in terms of
inducing clinical remission (p=0.01). Between-group dif-
ferences were not observed in terms of serious adverse
events (p=0.61). Conclusions: ADA, particularly at doses of
160/80/40 mg (0/2/4 week, every other week), is effective
and safe in patients with moderate-to-severe UC who are
unresponsive to traditional treatment. Concomitant IMM
therapy may improve the short-term therapeutic efficacy of
ADA. (Gut Liver 2016;10:262-274)
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INTRODUCTION

Ulcerative colitis (UC) is an idiopathic, chronic inflamma-
tory bowel disease (IBD) and characterized by an unpredictable
course of relapse and remission.' Most patients can achieve and
maintain clinical remission by 5-aminosalicylic acid, steroids
and/or oral immunomodulators (IMM) such as s azathioprine
and 6-mercaptopurine conventionally. But there are still a por-
tion of patients showed non-response to traditional treatment,
and some even require surgery, which has a remarkable nega-
tive influence on patient life quality.” Thus, the emergence of
biological agents opens up new alternatives to the treatment of
moderate-to-severe UC.

Infliximab (IFX) is the first biological agent approved to treat
UC with most widely used. Subsequently, many outcomes of
clinical trials*® showed that adalimumab (ADA) is a fully hu-
manized [gG1 monoclonal antibody targeting to tumor necrosis
factor o. (TNF-a), which can induce UC to achieve the clinical
remission and maintain clinical response. In September of 2012,
ADA was approved to treat moderately to severely active UC in
adults who are inadequate response or intolerance to IMM by
the U.S. Food and Drug Administration (FDA)." Due to a rela-
tively small number of clinical studies on treatments of ADA
for UG, it is essential to carry out a meta-analysis on ADA as
treatment for UC who are intolerant or stubborn to traditional
medicine.
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MATERIALS AND METHODS
1. Search strategy

Electronic databases, such as PubMed, Embase, Cochrane
Library, were searched for researches published until April 20,
2014 containing the terms “adalimumab|Title/Abstract]” and
“ulcerative colitis[Title/Abstract]” and “randomized controlled
trial[MeSH]” or “random*[Title/Abstract]”. For extra relevant
publications, the reference lists were reviewed by hand, if a
study was identified as having fulfilled the inclusive criteria
previously.

2. Study selection

Two investigators determined if these published studies met
the following inclusive criteria after screening the titles and ab-
stracts of them independently: (1) the purpose of studies which
provide the case inclusion and exclusion criteria was to access
the efficacy and safety of ADA for moderate-to-severe active
UC; (2) make sure that the studies are prospective random-
ized controlled trials (RCTs) which compare ADA therapy with
the administration of a placebo; (3) patients aged >15 years
old included had to be diagnosed with UC who are stubborn
to traditional treatment of steroids and/or IMM, or stubborn
to intravenous corticosteroids; (4) object of studies must have
been diagnosed as moderately to severely active UC, who had a
Mayo score of 6 to 12, with an endoscopy subscore of 2 to 3"
and; (5) evaluation of therapeutic efficacy included one or more
parameters such as short- or long-term remission, response,
mucosal healing, steroid-free remission, health-related quality
of life which was measured by the inflammatory bowel disease
questionnaire (IBDQ),"" and safety of ADA.

The studies inaccessible to full research data, review, case re-
port, letter, and editorial were excluded. Articles about children
and pregnant woman were also excluded. All studies involved
were published in English.

Table 1. Baseline Characteristics of the Included Studies
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3. Outcome assessment

Unless the definitions of efficacy variable were given in
original study, clinical remission was given a definition of a full
Mayo score <2 with no individual subscore exceeding 1 points,
response was given a definition of a decrease in Mayo score
>3 points and >30% from baseline plus a decrease in the rectal
bleeding subscore >1 or an absolute rectal bleeding subscore of
0 or 1, the endoscope subscore had to be 0 or 1 means achiev-
ing mucosal healing, IBDQ response was defined as an increase

1 serious side effects were

from baseline of at least 16 points,
given definitions by each primary study. The primary efficacy
end point is week 8 clinical remission rate in each group. The
week 52 clinical remission rate, the rate of clinical response,
mucosal healing and IBDQ respond at week 8 and 52, and the
steroid-free remission rate at week 52 were valued as the sec-

ondary efficacy end points.
4. Assessment of risk of bias

Two investigators performed the data collection and assess-
ment independently, wherein they resolved any disagreements
by discussion. The Cochrane Handbook for Systematic Reviews
of Interventions described how to evaluate the risk of bias."
And we applied the Jadad scale' to measure the quality of
included studies, which evaluates presentations of randomiza-
tion, blinding, and dropouts (withdrawals) in trials. Scale on the
included studies’ qualities ranks from O to 5 points and a low
quality study scores 2 or less and a high quality literature score
at least 3.

5. Statistical analysis

We performed the meta-analyses by using relative risk (RR)
for dichotomous outcomes. The 95% confidence intervals (Cls)
were used to present pooled estimates. Subgroup analyses were
chosen based upon the induction dose (160/80 mg or 80/40
mg at weeks 0/2) and baseline UC medication (baseline steroids

Author (year) 1T pﬁtient, Mea;lrage, Mal:/osex, In;zl;l\gslty i(;ln/ Cotherapy permitted {ﬁ;azfssc?i};
Reinisch et al. (2011)’ 390 37.8 61.9 260/130 CS and/or AZA or 6-MP; CS tapered ~ Double-blind, RCT (5)
Sandborn et al. (2012)° 494 40.4 57.3 248/246 CS and/or AZA or 6-MP; CS tapered ~ Double-blind, RCT (4)
Suzuki et al. (2014)° 273 42.7 62.7 177/96 CS and/or AZA or 6-MP; CS tapered  Double-blind, RCT (4)

ITT, intent-to-treat patients; CS, corticosteroids; AZA, azathioprine; MP, mercaptopurine; RCT, randomized controlled trial.

Table 2. Trial Design of the Included Studies

Author (year) Participant (ulcerative colitis) Intervention Control group Follow-up, wk
Reinisch et al. (2011) No respond to conventional therapy Adalimumab Placebo 8
Sandborn et al. (2012)° No respond to conventional therapy Adalimumab Placebo 52
Suzuki et al. (2014)° No respond to conventional therapy Adalimumab Placebo 52
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or IMM) within the study. We calculated I’ to quantify statisti-
cal heterogeneity across trials in which p<0.10 was determined
significant. If heterogeneity was significant, that is, p<0.10 or
I’>50%, we applied a random effects model to assess the total
estimate. If not, a fixed effect model was used. Since studies in-
cluded were not enough to make a meaningful analysis in each
comparison, we did not conduct funnel plots to make investi-
gation on publication bias. We followed the intention-to-treat
principle to analyze the results.

Reinisch et al. (2011)

Sandborn et al. (2012)°

. . . Selective reporting (reporting bias)

‘ ‘ ‘ Other bias

@ @ ‘ Blinding of participants and personnel (performance bias)
@ @ @ Blinding of outcome assessment (detection bias)
@ | @ | @ | Incomplete outcome data (attrition bias)

‘ ‘ ‘ Random sequence generation (selection bias)
@ @ ‘ Allocation concealment (selection bias)

Suzuki et al. (2014)°

Fig. 1. Risk of bias summary.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

RESULTS
1. Characteristics of the included studies

Fifty-nine citations were identified using the search strategy
described previously, of which, 49 were eliminated after exam-
ining the title and abstract. Ten articles involving the efficacy of
ADA therapy in UC were then further evaluated. Seven of these
10 articles were excluded: three trials was excluded as the study
was not placebo-controlled,”'*"” because it made an analysis by
integrating the data of the other two RCTs,"® one because it was
the subgroup analyses from another RCT,'”® one because it was a
meta-analysis,” and one because it was a subsequent report of
another RCT.”

Three studies® met the inclusion criteria after our complete
review. They all compared ADA treatment to placebo. Two stud-
ies from Europe or North America, one from Japan. 1,366 pa-
tients with moderate-to-severe UC were totally grouped at ran-
dom into either ADA treatment (n=685) or placebo (n=472). Of
these, 1,157 patients were involved in the analysis of efficacy of
ADA for moderate-to-severe active UC. Two trial designs were
included in these studies: induction therapy and maintenance
therapy. The characteristics of the involved studies were shown
in Tables 1 and 2.

2. Methodological quality assessment of included trials

The evaluation results of the risk of bias ware presented in
Figs 1 and 2. Jadad score of three studies were greater than 3
and the quality of them were high. We carried out the analysis
of all data based on the intention-to-treat principle. Because the
numbers of studies was not sufficient to produce a significant
analysis, the investigation on publication bias could not be hold
by funnel plots.

3. Data synthesis: efficacy for induction therapy

The frequency of short-term clinical remission, clinical re-
sponse, mucosal healing of UC treated with ADA was analyzed

[ Low risk of bias
[ Unclear risk of bias
Il High risk of bias

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

25

50 75 100
% Fig. 2. Risk of bias graph.



in three trials that consisted of 1,157 patients. Great heterogene-
ity was not found between three trials (I’<50%, p>0.1). Fixed-ef-
fects models were used to make a pooled analysis which showed
that ADA was observably better to placebo for induction of
clinical remission (RR, 1.50, 95% CI, 1.08 to 2.09, Z=2.42; ADA
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vs placebo, 14.45% vs 9.76%, p=0.02), response (RR, 1.33, 95%
Cl, 1.16 to 1.52, Z=4.01; ADA vs placebo, 50.36% vs 37.5%,
p<0.0001), and mucosal healing (RR, 1.21, 95% CI, 1.04 to 1.41,
7=2.40; ADA vs placebo, 41.75% vs 34.11%, p=0.02) (Fig. 3).
Of the studies included in our analysis, two of the studies

Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Reinisch et al. (2011)7 37 260 12 130 30.0 1.54 (0.83-2.85) &
Sandborn et al. (2012)° 41 248 23 246 433  1.77 (1.10-2.86) -
Suzuki et al. (2014)9 21 177 1 96 26.7 1.04 (0.52-2.06) ——
Total (95% Cl) 685 472 100.0 1.50 (1.08-2.09) ‘
Total events 99 46
Heterogeneity. Chi’=1.58, df=2 (p=0.45); ’=0% | | I I
Test for overall effect: Z=2.43 (p=0.02) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Reinisch et al. (2011)7 138 260 58 130 37.4 1.19 (0.95-1.49)
Sandborn et al. (2012)8 125 248 85 246 41.3 1.46 (1.18-1.60) =
Suzuki et al. (2014)9 82 177 34 96 213 1.31 (0.96-1.79)
Total (95% ClI) 685 472 100.0 1.33 (1.16-1.52) ¢
Total events 345 177 | | | |
Heterogeneity. Chi’=1.70, df=2 (p=0.43); ’=0% ' : ' ' :
Test for overall effect: Z=4.01 (p<0.0001) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Reinisch et al. (2011)7 110 260 54 130 38.3 1.02 (0.79-1.31)
Sandborn et al. (2012)8 102 248 78 246 41.7 1.30 (1.02-1.64)
Suzuki et al. (2014)9 74 177 29 96 20.0 1.38 (0.98-1.98)
Total (95% ClI) 685 472 100.0 1.21 (1.04-1.41)
Total events 286 161 | | | |
Heterogeneity. Chi’=2.74, df=2 (p=0.25); I’=27% ' ' ! ! !
Test for overall effect: Z=2.40 (p=0.02) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sandborn et al. (2012)8 144 248 112 246 68.5 1.28 (1.07-1.52)
Suzuki et al. (2014)g 80 177 88 96 30.5 1.14 (0.86-1.68)
Total (95% ClI) 425 342  100.0 1.23 (1.06-1.43)
Total events 224 150 | | | |
Het ity. Chi’=0.40, df=1 (p=0.53); I’=0% ! ! ! ! :
serogensly. (p=0.53); '=0% 0.01 0.1 1 10 100

Test for overall effect: Z=2.76 (p=0.006)

Favours experimental Favours control

Fig. 3. Short-term results for (A) clinical remission, (B) clinical response, (C) mucosal healing, and (D) inflammatory bowel disease questionnaire

(IBDQ) response in patients exposed to adalimumab versus placebo.
CI, confidence interval.
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Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sandborn et al. (2012)° 43 248 21 246 69.9  2.03(1.24-3.32) i
Suzuki et al. (2014)9 41 177 7 96 30.1 3.18 (1.48-5.81) B
Total (95% CI) 425 342 1000  2.38(1.57-3.59) <&
Total events 84 28
Heterogeneity. Chi’=0.95, df=1 (p=0.33); I’=0% I | | |
Test for overall effect: Z=4.10 (p<0.0001) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sandborn et al. (2012)° 75 248 45 248 872  1.65(1.19-2.29) L 3
Suzuki et al. (2014)9 55 177 17 96 32.8 1.75 (1.08-2.85) &
Total (95% Cl) 425 342 100.0 1.69 (1.29-2.21) L 2
Total events 130 62 | | | |
Heterogeneity. Chi’=0.04, df=1 (p=0.84); I’=0% I 1 1 I
Test for overall effect: Z=3.79 (p=0.0001) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sandborn et al. (2012)8 62 248 38 1,246 66.2 1.62 (1.13-2.33) L
Suzuki et al. (2014)9 51 177 15 96  33.8 1.84 (1.10-3.10) &
Total (95% ClI) 425 342 100.0 1.69 (1.26-2.28) ‘
Total events 113 53 | | | |
Heterogeneity. Chi’=0.16, df=1 (p=0.69); I’=0% . . . .
Test for overall effect: Z=3.47 (p=0.0005) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sandborn et al. (2012)8 85 248 40 246 721 1.61(1.13-2.29) .
Suzuki et al. (2014)g 45 177 12 96 27.9 2.03 (1.13-3.66) =
Total (95% ClI) 425 342 100.0 1.73 (1.28-2.34) ‘
Total events 110 52 | | | |
Heterogeneity. Chi2=0.45, df=1 (p=0.50); ’=0% f l l 1
Test for overall effect: Z=3.55 (p=0.0004) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Sandborn et al. (2012)8 20 150 8 140 80.5 2.33 (1.06-5.13) i
Suzuki et al. (2014)9 17 120 4 58 39.5 2.05 (0.72-5.83) =
Total (95% ClI) 270 198  100.0 2.22 (1.19-4.17) ‘
Total events 37 12 | | | |
Heterogeneity. Chi’=0.04, df=1 (p=0.85); I’=0% . 1 1 .
Test for overall effect: Z=2.49 (p=0.01) 0.01 0.1 1 10 100

Favours experimental

Favours control

Fig. 4. Long-term results for (A) clinical remission, (B) clinical response, (C) mucosal healing, (D) inflammatory bowel disease questionnaire (IBDQ)
response, and (E) steroids-free remission in patients exposed to adalimumab versus placebo.

CI, confidence interval.



included in our analysis, composed of 767 patients, assessed the
rate of response per IBDQ score of patients treated with ADA at
week 8. We have not found remarkable heterogeneity among
these trials (I’=00%, p=0.53). A fixed-effects model was applied
to make a pooled analysis showing that ADA was significantly
superior to placebo for induction of IBDQ response (RR, 1.23,
95% CI, 1.06 to 1.43, Z=2.76; ADA vs placebo, 52.71% vs
43.86%, p=0.006) (Fig. 3).

4. Data synthesis: efficacy for maintenance therapy

Long-term rates of clinical remission, response, mucosal
healing and IBDQ response of patients treated with ADA were
evaluated in two trials that consisted of 767 patients. We
have detected no significant heterogeneity between these tri-
als (I’=00%, p>0.1). With fixed-effects models used, a pooled
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analysis showed that ADA was significantly superior to placebo
for maintenance of clinical remission (RR, 2.38, 95% CI, 1.57
to 3.59, Z=4.10; ADA vs placebo, 19.76% vs 8.19%, p<0.0001),
clinical response (RR, 1.69, 95% CI, 1.29 to 2.21, Z=3.79; ADA
vs placebo, 30.59% vs 23.98%, p=0.0001), mucosal healing (RR,
1.69, 95% CI, 1.26 to 2.68, Z=3.47; ADA vs placebo, 26.59% vs
15.500%, p=0.0005), and IBDQ response (RR, 1.73, 95% CI, 1.28
to 2.34, Z=3.55; ADA vs placebo, 25.88% vs 15.20%, p=0.0004)
(Fig. 4).

Two trials, consisting of 468 patients, studied the frequency of
steroid-free remission to determine ADA maintenance treatment
efficacy. Large heterogeneity between data sources was noted
(’=09, p=0.85). A total analysis applying fixed-effects models
demonstrated that the percentage of patients who achieved
steroid-free remission was larger in groups that received ADA

Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Reinisch et al. (2011)7 24 130 12 130 26.2 2.00 (1.05-3.83) u
Sandborn et al. (2012)8 41 248 23 246 50.5 1.77 (1.10-2.86) i
Suzuki et al. (2014)9 9 90 1 96 23.3 0.87 (0.38-2.01) —
Total (95% ClI) 468 472 100.0 1.62 (1.15-2.29) ‘
Total events 74 46
Heterogeneity. Chi’=2.65, df=2 (p=0.27); I’=25% I | | |
Test for overall effect: Z=2.73 (p=0.006) 0.01 0.1 1 10 100

B

Adalimumab Control

Study of subgroup

Events Total Events Total Weight, %

Favours experimental Favours control

Risk ratio
M-H, Fixed, 95% CI

Risk ratio
M-H, Fixed, 95% CI

Reinisch et al. (2011)7 71 130 58 130 32.9
Sandborn et al. (2012)8 125 248 85 246 48.4
Suzuki et al. (2014)9 45 90 34 96 18.7

Total (95% CI)
Total events 241 177

Heterogeneity. Chi’=1.17, df=2 (p=0.56); I’=0%
Test for overall effect: Z=4.26 (p<0.0001)

C

Study of subgroup

Adalimumab Control

468 472 100.0

Events Total Events Total Weight, %

122 (0.96-1.57)
1.46 (1.18-1.80) |
1.41 (1.00-1.98)

1.37 (1.19-1.59) ¢

0.01 0.1 1 10 100
Favours experimental Favours control

Risk ratio
M-H, Fixed, 95% CI

Risk ratio
M-H, Fixed, 95% CI

Reinisch et al. (2011)) 61 130 54 130 337
Sandborn et al. (2012)° 102 248 78 246  48.8

Suzuki et al. (2014)9 40 90 29 96 17.5
Total (95% ClI) 468 472 100.0
Total events 203 161

Heterogeneity. Chi’=1 .30, df=2 (p=0.52); *=0%
Test for overall effect: Z=2.90 (p=0.004)

1.13 (0.86-1.49)
1.30 (1.02-1.64)
1.47 (1.00-2.16)

1.27 (1.08-1.50)

0.01 0.1 1 10 100
Favours experimental Favours control

Fig. 5. Short-term results for (A) clinical remission, (B) clinical response, and (C) mucosal healing in patients exposed to adalimumab (160/80 mg

at weeks 0/2) versus placebo.
CI, confidence interval.



268 Gut and Liver, Vol. 10, No. 2, March 2016

than the placebo groups (RR, 2.22, 95% CI, 1.19 to 4.17, Z, 2.49;
ADA vs placebo, 13.70% vs 6.06%, p=001) (Fig. 4).

5. Data synthesis: efficacy of ADA therapy with different
loading doses

Short-term efficacy in patients receiving the ADA 160 mg at
week 0, measured by rates of clinical remission, response and
mucosal healing, was studied by three trials which evaluated
a total of 940 patients. No great heterogeneity was detected
among the studies when the data were pooled for analysis
(<509, p>0.1). Therefore, a fixed effects model of analysis was
chosen, the overall analysis revealed that ADA significantly in-
creased the short-term efficacy compared with placebo, includ-
ing clinical remission (RR, 1.62, 95% CI, 1.15 to 2.29, Z=2.73;
ADA vs placebo, 15.81% vs 9.75%, p=0.006), clinical response
(RR, 1.37, 95% CI, 1.19 to 1.59, Z=4.26; ADA vs placebo,

51.50% Vs 37.5%, p<0.0001), and mucosal healing (RR, 1.27, 95
Cl, 1.08 to 1.50, Z=2.90; ADA vs placebo, 43.38% vs 34.11%,
p=0.004) (Fig. 5).

Two trials included which consist of 443 patients, evaluated
short-term rates of clinical remission, response and mucosal
healing in patients assigned to receive a induction dosing of
ADA 80 mg at week 0. Based on fixed-effects models, large
differences (I’<50%, p>0.1) was not detected in rates of clini-
cal remission (RR, 1.14, 95% CI, 0.67 to 1.94, Z=0.48; ADA
vs placebo, 11.68% vs 10.18%, p=0.63), clinical response (RR,
1.17, 95% CI, 0.95 to 1.44, Z=1.49; ADA vs placebo, 47.92% vs
40.71%, p=0.14), and mucosal healing (RR, 1.04, 95% CI, 0.82
to 1.32, Z=0.30; ADA vs placebo, 38.25% vs 36.73%, p=0.76)
between the ADA and placebo treatment (Fig. 6).

Besides, the week 52 clinical remission rate of patients receiv-
ing the induction dose of ADA 160 mg was studied in two trials

Adalimumab Control Risk ratio Risk ratio

Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Reinisch et al. (2011)7 13 130 12 130 53.4 1.08 (0.51-2.28)

Suzuki et al. (2014)9 12 87 11 96 46.8 1.20 (0.56-2.59)

Total (95% ClI) 217 226  100.0 1.14 (0.67-1.94)

Total events 25 23

Heterogeneity. Chi’=0.04, df=1 (p=0.85); ’=0% | I i I I

Test for overall effect: Z=0.48 (p=0.63) 0.01 0.1 1 10 100

Favours experimental Favours control

Adalimumab Control Risk ratio Risk ratio

Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI

Reinisch et al. (2011)7 67 130 58 130 64.2 1.16 (0.90-1.49)

Suzuki et al. (2014)9 37 87 34 96 35.8 1.20 (0.83-1.73)

Total (95% ClI) 217 226  100.0 1.17 (0.95-1.44)

Total events 104 92 | | | |

Heterogeneity. Chi’=0.03, df=1 (p=0.86); I’=0% . . . . 1

Test for overall effect: Z=1.49 (p=0.14) 0.01 0.1 1 10 100

Favours experimental Favours control

Adalimumab Control Risk ratio Risk ratio

Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI

Reinisch et al. (2011)7 49 130 54 130 66.2 0.91 (0.67-1.23)

Suzuki et al. (2014)9 34 87 29 96 33.8 1.29 (0.87-1.93)

Total (95% Cl) 217 226  100.0 1.04 (0.82-1.32)

Total events 83 83 | | | |

Heterogeneity. Chi’=1.92, df=1 (p=0.17); ’=48% . . . . .

Test for overall effect: Z=0.30 (p=0.76) 0.01 0.1 1 10 100

Favours experimental Favours control

Fig. 6. Short-term results for (A) clinical remission, (B) clinical response, and (C) mucosal healing in patients exposed to adalimumab (80/40 mg at

weeks 0/2) versus placebo.
CI, confidence interval.



that consisted of 680 patients. No large differences was found
among these trials (I’=0%, p=0.33). With fixed-effects mod-
els, we made a pooled analysis showing that ADA 160/80 mg
significantly better to placebo in terms of maintaining clinical
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remission (RR, 2.20; 95% CI, 1.45 to 3.36; Z=3.68; p=0.0002) at
week 52.

Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Reinisch et al. (2011)7 21 145 8 89 49.0 1.61(0.75-3.48)
Suzuki et al. (2014)9 15 120 10 58 51.0 0.72 (0.35-1.51)
Total (95% ClI) 265 147 100.0 1.07 (0.49-2.35)
Total events 36 18

Heterogeneity. Tau’=0.17, Chi’=2.18, df=1 (p=0.14); I’=54%

Test for overall effect: Z=0.17 (p=0.86) 0.01 0.1 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% ClI M-H, Fixed, 95% ClI
Reinisch et al. (2011)7 16 115 4 41 83.1 1.43 (0.51-4.02) .
Suzuki et al. (2014)9 6 57 1 38 16.9 4.00 (0.50-31.92) ] -
Total (95% Cl) 172 79 1000  1.86(0.75-4.64) -
Total events 22 5 | | | |
Heterogeneity. Chi°=0.78, df=1 (p=0.38); I’=0% . . . 1
Test for overall effect: Z=1.33 (p=0.18) 0.01 0.1 1 10 100
Favours experimental Favours control
Fig. 7. Short-term results for clinical remission in the (A) steroids and (B) no steroids subgroups exposed to adalimumab versus placebo.
CI, confidence interval.
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Reinisch et al. (2011)7 14 102 2 52 68.7 3.57 (0.84-15.11) —
. 1 =
Suzuki et al. (2014)9 10 79 1 52 31.3  6.58(0.87-49.90)
Total (95% Cl) 181 104  100.0  4.51 (1.40-14.51) e
Total events 24 3
Heterogeneity. Chi’=0.23, df=1 (p=0.63); ’=0% [ | | |
Test for overall effect: Z=0.53 (p=0.01) 0.01 01 1 10 100
Favours experimental Favours control
Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Reinisch et al. (2011)7 23 158 10 78 52.4 1.14 (0.57-2.27)
Suzuki et al. (2014)g 11 98 10 44 47.6 0.49 (0.23-1.08)
Total (95% Cl) 256 122 100.0 0.76 (0.34-1.73)
Total events 34 20

Heterogeneity. Tau’=0.21; Chi’=2.47, df=1 (p=0.12); I’=59%
Test for overall effect: Z=0.65 (p=0.52)

0.01 0.1 1 10 100
Favours experimental Favours control

Fig. 8. Short-term results for clinical remission in the (A) immunomodulators (IMM) and (B) no IMM subgroups exposed to adalimumab versus

placebo.
CI, confidence interval.
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6. Data synthesis: short-term efficacy of ADA therapy by
baseline medications

Short-term treatment effect of ADA in terms of clinical re-
mission by baseline corticosteroids/IMM was evaluated in two
studies consisting of 663 patients. A random effects model of
analysis was applied due to remarkable heterogeneity (I’=54%,
p=0.14); the pooled analysis revealed that week 8 clinical re-
mission rates were equivalent between the ADA and placebo
groups in corticosteroids subgroup (RR, 1.10, 95% CI, 0.65 to
1.86, Z=0.36; ADA vs placebo, 13.58% vs 12.24%, p=0.72). In
no corticosteroids subgroup, we applied the fixed effects model
because of no large heterogeneity (I’=0%, p=0.38) and found
that clinical remission rate were equivalent between the ADA
and placebo groups in no corticosteroids subgroup at week 8 (RR,
1.86, 95% CI, 0.75 to 4.64, Z=1.33; ADA vs placebo, 12.80% vs
10.18%, p=0.18) (Fig. 7). In the IMM subgroup, a fixed effects
model was used after detecting no great heterogeneity among

A

Adalimumab Control

Study of subgroup Events  Total

Events Total Weight, %

the data sources, and we found a significant higher week 8
clinical remission rate in patients receiving ADA versus pla-
cebo (RR, 4.51, 95% CI, 1.40 to 14.51, Z=0.53; ADA vs placebo,
13.26% vs 2.88%, p=0.01); whereas, since significant hetero-
geneity detected in rates of clinical remission (I’=59%, p=0.12),
we used the random effects model and found that the week 8
clinical remission rate in ADA group was equal with that in
placebo group when not receiving the IMM at the baseline (RR,
0.81, 95% CI, 0.49 to 1.35, Z=0.81; ADA vs placebo, 13.27% vs
10.18%, p=0.42) (Fig. 8).

7. Data synthesis: safety of ADA

The possible side effects of ADA include infections, injection
site reactions, allergic reaction, opportunistic infection, conges-
tive heart failure, lupus-like syndrome and so on. The morbidity
of any adverse events (AEs) and serious adverse events (SAEs)
were analyzed to assess the safety of ADA in two trials, consist-
ing of 610 patients in the ADA groups and 483 patients receiv-

Risk ratio
M-H, Fixed, 95% CI

Risk ratio
M-H, Fixed, 95% CI

Reinisch et al. (2011)7 182 353 108 223 37.9
Sandborn et al. (2012)8 213 257 218 260 62.1

Total (95% ClI) 610 483
Total events 395 326

Heterogeneity. Chi’=0.81, df=1 (p=0.37); I’=0%
Test for overall effect: Z=0.42 (p=0.68)

B

100.0

1.06 (0.90-1.26)
0.99 (0.92-1.07)

1.02 (0.94-1.10)

| | | |
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Favours experimental Favours control

Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Reinisch et al. (2011)7 28 353 17 223 36.2 1.04 (0.58-1.86)
Sandborn et al. (2012)8 41 257 37 260 63.8 1.12 (0.74-1.69)
Total (95% ClI) 610 483  100.0 1.09 (0.78-1.53)
Total events 69 54

Heterogeneity. Chi’=0.04, df=1 (p=0.84); ’=0%
Test for overall effect: Z=0.52 (p=0.61)
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0.01 0.1 1 10 100
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Adalimumab Control Risk ratio Risk ratio
Study of subgroup Events Total Events Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Reinisch et al. (2011)7 20 353 7 223 48.3 1.80 (0.78-4.20) i
Sandborn et al. (2012)8 31 257 10 260 53.7 3.14 (1.57-6.26) i
Total (95% CI) 610 483 100.0 2.52 (1.48-4.28) ‘
Total events 51 17 | | | |
Heterogeneity. Chi’=0.98, df=1 (p=0.32); ’=0% . 1 1 .
Test for overall effect: Z=3.42 (p=0.0006) 0.01 0.1 1 10 100
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Fig. 9. Outcomes for (A) side effects, (B) serious side effects, and (C) injection-site reaction in patients exposed to adalimumab versus placebo.

CI, confidence interval.
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Table 3. Sensitivity Analysis

Statistical index (rate) No. of included study Statistical method RR (95% CI) p-value

Short-term clinical remission 3 Fixed 1.50 (1.08-2.09) 0.0200
Random 1.50 (1.08-2.09) 0.0200

Short-term clinical response 3 Fixed 1.33 (1.16-1.52) <0.0001
Random 1.32 (1.15-1.52) <0.0001

Short-term mucosal healing 3 Fixed 1.21 (1.04-1.41) 0.0200
Random 1.20 (1.00-1.44) 0.0500

Short-term IBDQ response 2 Fixed 1.23 (1.06-1.43) 0.0060
Random 1.24 (1.07-1.44) 0.0050

Long-term clinical remission 2 Fixed 2.38 (1.57-3.59) <0.0001
Random 2.32 (1.53-3.50) <0.0001

Long-term clinical response 2 Fixed 1.69 (1.69-2.21) 0.0001
Random 1.68 (1.29-2.21) 0.0002

Long-term mucosal healing 2 Fixed 1.69 (1.26-2.28) 0.0005
Random 1.69 (1.25-2.28) 0.0006

Long-term IBDQ response 2 Fixed 1.73 (1.28-2.34) 0.0004
Random 1.71 (1.27-2.32) 0.0005

Long-term steroid-free remission 2 Fixed 2.22 (1.19-4.17) 0.0100
Random 2.23 (1.19-4.18) 0.0100

Short-term clinical remission, 160/80 mg 0/2 wk 3 Fixed 1.62 (1.15-2.29) 0.0060
Random 1.58 (1.05-2.40) 0.0300

Short-term clinical response, 160/80 mg 0/2 wk 3 Fixed 1.37 (1.19-1.59) <0.0001
Random 1.36 (1.18-1.58) <0.0001

Short-term mucosal healing, 160/80 mg 0/2 wk 3 Fixed 1.27 (1.08-1.50) 0.0004
Random 1.26 (1.08-1.49) 0.0005

Short-term clinical remission, 80/40 mg 0/2 wk 2 Fixed 1.14 (0.67-1.94) 0.6300
Random 1.14 (0.67-1.95) 0.6300

Short-term clinical response, 80/40 mg 0/2 wk 2 Fixed 1.17 (0.95-1.44) 0.1400
Random 1.17 (0.95-1.44) 0.1400

Short-term mucosal healing, 80/40 mg 0/2 wk 2 Fixed 1.04 (0.82-1.32) 0.7600
Random 1.06 (0.75-1.49) 0.7600

Long-term clinical remission, 160/80 mg 0/2 wk 2 Fixed 2.20 (1.45-3.36) 0.0002
Random 2.20 (1.44-3.35) 0.0003

Short-term clinical remission (baseline CS) 2 Fixed 1.10 (0.65-1.86) 0.7200
Random 1.07 (0.49-2.35) 0.8600

Short-term clinical remission (baseline no CS) 2 Fixed 1.86 (0.75-4.64) 0.1800
Random 1.75 (0.69-4.43) 0.2400

Short-term clinical remission (baseline IMM) 2 Fixed 4.51 (1.40-14.51) 0.0100
Random 4.39 (1.35-14.21) 0.0100

Short-term clinical remission (baseline no IMM) 2 Fixed 0.81 (0.49-1.35) 0.4200
Random 0.76 (0.34-1.73) 0.5200

Adverse event 2 Fixed 1.02 (0.94-1.10) 0.6800
Random 1.00 (0.93-1.07) 0.9700

Serious adverse event 2 Fixed 1.09 (0.78-1.53) 0.6100
Random 1.09 (0.78-1.53) 0.6000

Injection-site reaction 2 Fixed 2.52 (1.48-4.28) 0.0006
Random 2.51 (1.47-4.29) 0.0007

RR, relative risk; IBDQ, inflammatory bowel disease questionnaire; CS, corticosteroid; IMM, immunomodulators.
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ing placebo therapy. In these trials, the frequency of AEs was
64.8% in the ADA group, and 67.5% in the placebo group. No
significant heterogeneity was detected among the studies when
the data were pooled for analysis. Fixed effects models were
adopted to make an overall analysis showed the occurrence of
AEs (RR, 1.02; 95% CI, 0.94 to 1.10; Z=0.42; p=0.68) and severe
adverse reactions (RR, 1.09; 95% CI, 0.78 to 1.53; p=0.61) were
equivalent between the ADA-treated group and placebo group
(Fig. 9).

Two papers reported injection site reaction-related AE. Het-
erogeneity test indicated I°’=0% and p=0.32, demonstrating
homogeneity of include studies. Fixed effects model was applied
accordingly, and the RR value was 2.52 (95% CI, 1.48 to 4.28;
p=0.0006). Based on the result, ADA seems to increase the risk
of injection site reaction-related AEs (Fig. 9).

8. Sensitivity analysis

Sensitivity analysis is an analytic method that can be used
to determine sensitivity of a study result or how it will change
a meta-analysis or systematic review, which can access the
strength of merge results due to uncertainty about data and
usage. In this article, we conducted the sensitivity analysis by
transforming effects models to analyze and compare these two
results separately (Table 3).

DISCUSSION

The management of difficult-to-treat UC presents a special
challenge in the clinical practice. Even though some UC received
the optimal conventional medications, they have disease relapse
frequently and have difficulties in avoiding a surgery eventu-
ally.”” With the introduction of biological drugs, the therapy of
UC has changed over the recent decade.”’ Emergency of new
type of biological agents increases treatments options for many
UC patients. Biological agents, especially anti-TNF antibod-
ies, have been approved by the FDA for treating some kinds of

24-27 Now

autoimmune diseases and achieved the desired effect.
the most widely used anti-TNF-q antibodies in clinic is IFX.
However, its high immunogenicity and high rate of AE, as well
as inconvenient mode of administration, limit its applications
to some extent. With the similar mode of action with IFX, ADA
has been used more and more widely in clinical practice, due to
low adverse reactions and its easy administration by subcutane-
ous injection. Therefore, ADA treatment might be considered for
moderately to severely active UC who were not able to respond
to or were intolerant to [FX.

According to our knowledge, it is a meta-analysis of the
available published randomized placebo-controlled trials to
examine the efficacy and safety of ADA in the treatment of
UC. Whether it was the primary or second efficacy end point,
outcomes of these studies all suggested that ADA therapy was
statistically superior to a placebo for treatment of UC patients.

Therefore, ADA therapy is effective in inducing and maintaining
clinical remission for patients who are unresponsive to conven-
tional therapy. This may be related to the mechanism of action
of TNF antagonists, which can prevent excessive inflammatory
reaction by binding to the soluble and transmembrane forms of
this cytokine.”®

As to the induction therapy, two induction therapies (160/80
mg, week 0/2 and 80/40 mg, week 0/2) of ADA were adopted in
the first and third RCT, with one (80/40 mg, week 0/2) adopted
in the second RCT. We analyzed the efficiency of different in-
duction doses of ADA for patients with moderate-to-severe UC
respectively and detected that a statistically larger percentage of
patients receiving ADA 160/80 mg achieved clinical remission,
clinical response, mucosal healing at week 8 compared with
placebo. Whereas two trials showed that rates of clinical remis-
sion, clinical response, mucosal healing at week 8 were similar
between those who received ADA 80/40 mg induction dose and
placebo-received patients. In addition, a significantly higher
clinical remission rate at week 52 was achieved in patients who
were treated with 160/80/40 mg every other week (EOW) than
in placebo-received patients in this study. ULTRA (Ulcerative
Colitis Long-Term Remission and Maintenance with Adalim-
umab) 2 suggested that 1-year results were superior in week 8
responders compared with the total intent-to-treat population.
And Reinisch et al.”' also observed a significantly lower rate of
dose escalation in patients who were given the 160/80 induction
dose (22.5%) compared with those who were treated with the
80/40 mg induction dose (30.0%) or placebo patients who had
received no induction dose (37.7%). All the above analysis, sup-
ports initiating ADA therapy with induction dosing of 160/80
mg.

Given that the plateau of dose-response curve was not yet
achieved in ULTRA 1, and the induction dose of ADA 80/40 mg
were detected effective to a considerable proportion of patients
who are moderate-to-severe UC in our clinical practice, which
suggests that more comprehensive clinical trial protocols could
be made that involves multiple aspects including age, race,
region, and so on, and group participants could be placed into
more treatment arms to explore the optimized induction dosing
for treatment of UC under different conditions.

As to the maintenance therapy, it is unknown whether the
ADA treatment of 40 mg weekly maintenance dose might have
greater efficacy when comparing another maintenance treat-
ment of 40 mg EOW. However, differences were not observed
between 40 mg EOW and 40 mg weekly in a dosing-finding
maintenance trial with ADA in CD.”

What is mentioned above was consistent with the current
guideline from the FDA about the application of ADA gener-
ally: an induction region of hypodermic ADA 160 mg at week
0, 80 mg at week 2, and 40 mg EOW would be effective therapy
for UC. Patients should discontinue using this study drug, if pa-
tients could not manage to achieve clinical remission at week 8



or 12.%

Short-term efficacy of ADA by baseline concomitant medi-
cations was analyzed in two studies, which concluded that
ADA was superior to placebo for UC who were receiving IMM
at baseline in the induction phase, whereas the similar week 8
remission rates were observed in the ADA and placebo groups
who were not receiving baseline IMM. Besides, we failed to
observe an increased week 8 remission rates in the ADA arms
comparing with the placebo group, regardless of receiving
steroids or not at baseline. With great and unacceptable hetero-
geneity between the involved studies in which UC patients ap-
plied steroids or IMM at baseline during the process, it may be
because the participants of all studies come from different areas
of the world. Grouping on regions was not possible due to few
studies, which prompt that more RCTs can be carried out to at-
tain diversification of studies from evidence based medicine. As
mentioned above, ADA seems more effective in achieving short-
term efficacy by baseline IMM medication, that is, combination
IMM therapy may enhance effectiveness of ADA. This might be
because IMM are able to reduce the production of anti-ADA an-
tibodies and maintain a relatively high plasma concentration to
a certain extent. Caution should be interpreted this analysis in
further, because the included studies are few and the numbers
of patients in each subgroup is small.

As regards the safety, we found the risks of AEs and serious
side effects were comparable among the ADA group and the
placebo group. Overall, SAEs happened in 11.18% of UC in the
placebo arms and 11.31% of patients in the ADA groups. Al-
though the rate of injection site reaction was statistically higher
in the ADA arms compared with the control groups, almost all
of them were mild and none required discontinuation of study
drug therapy. On the whole, ADA treatment was well tolerated
and the total safety profile of ADA was similar with that of
placebo. However, we need to interpret the data with caution
because of several limitations: patients seen in clinical practice
might not be represented by patients in clinical trials; the sam-
ple size is limited in the current studies; and duration of follow-
up might be too short for some serious events to happen.

There remain several limitations in this study. Firstly, the pe-
riod of patient following-up in the analyzed trials have only two
cases, 8 weeks and 52 weeks. Secondly, the cotherapy regimens
of ADA at baseline differed among these included trials. Thirdly,
due to placebo with indefinite components, it was unknown
if the placebo of three trials would cause different impacts on
UC. And a part of participants in the placebo arms have been
administered any other TNF-¢, antagonist therapy before, thus
the efficacy of placebo in these patients could be considered.
Fourthly, although the pool data about of ULTRA 1, 2 and the
open-label extension ULTRA 3 has been presented recently,”
which shows that prolonged ADA therapy for 4 long years has
an excellent tolerability and is effective to patients who were
diagnosed as moderate-to-severe UC in maintaining clinical
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remission and mucosal healing, it cannot be included because
of lacking a control group during the maintenance phase from
week 52 to week 208. So it is difficult to evaluate systemically
the maintenance outcomes of longer than 52 weeks among pa-
tients who were diagnosed as moderate-to-severe active UC who
have response to induction therapy with ADA. Future studies
should be carried out further to access the efficacy and safety of
ADA in UC for longer time. Fifthly, all the involved studies are
clinical pharmaceutical trials in which contributors have been
strictly screened. However, patients in clinical practice might be
more inhomogeneous and subject to different circumstances.
Additionally, publication bias was of concern and we should
interpret our outcomes with care due to the small number of
researches that met our inclusion criteria. All examples of vari-
ability mentioned above could affect the outcomes drawn from
our analysis. Despite these limitations, the meta-analysis find-
ings are strengthened by the fact that all studies included were
of high quality (Jadad score >3).

In summary, the UC treatment field has been updated in this
meta-analysis and the conclusion has been suggested that ADA
was superior to placebo. We came up to the conclusion on basis
of increasing the achievement of clinical remission, response,
mucosal healing and IBDQ response at weeks 8 and 52 without
significant, severe side effects. So, in screened participants with
moderately to severely active UC who have not been able to
respond or poorly responsive to conventional treatment, ADA
therapy could be considered. Larger numbers of randomized
placebo-controlled trials and multicenter longitudinal studies
with longer follow-up periods are needed to determine further
the efficacy and safety of ADA.
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