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Efficacy of infliximab, cyclosporine and tacrolimus
on ulcerative colitis

A meta-analysis
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Abstract N\

Background: Positioning infliximab (IFX), cyclosporine and tacrolimus (TAC) for treating ulcerative colitis (UC) is in great debate. \
Methods: A literature search identified studies that investigated IFX vs. cyclosporine or IFX vs TAC in UC patients. Short-term
remission, short-term, 1-year and 3-year colectomy rate were employed as primary end-points to assess efficacy. Odds ratios (ORs)
with 95% confidence intervals (Cls) were analyzed.

Results: Overall, 15 studies comprised 596 patients in IFX group and 866 in calcineurin inhibitors group (644 received cyclosporine
and 222 received TAC). No significant difference was seen between IFX and calcineurin inhibitors with regard to short-term remission.
IFX led to a lower short-term (OR: 0.59, 95% Cl: 0.43-0.82, P:..001), 1-year (OR: 0.53, 95% ClI: 0.38-0.73, P<.001), 3-year
colectomy (OR: 0.41, 95% ClI: 0.20-0.84, P:.02) than calcineurin inhibitors. IFX led to a lower short-term (OR: 0.51, 95% ClI: 0.36—
0.71, P<.001), 1-year (OR: 0.53, 95% ClI: 0.37-0.74, P:.003) colectomy and a trend of lower 3-year colectomy (OR: 0.49, 95% CI:
0.22-1.06, P:.07) than cyclosporine while no significant difference was seen between IFX and TAC. Results of network meta-analysis
showed that the order was cyclosporine, TAC and IFX from high rate to low with regard to short-term and 1-year colectomy.

Conclusion: IFX treatment leads to a lower short-term, 1-year colectomy rate and a trend of lower 3-year colectomy rate in UC
patients than cyclosporine while no significant difference is seen between IFX and TAC. TAC may be superior than cyclosporine with
regard to efficacy based on indirect comparisons. Randomized trials with fixed protocol are warranted to identify the optimal medical
strategy in patients with UC.

Abbreviations: Cl = confidence interval, CsA = cyclosporine, IFX = infliximab, ORs = odds ratio, TAC = tacrolimus, UC =
ulcerative calitis.

Keywords: calcineurin inhibitors, cyclosporine, infliximab, tacrolimus, ulcerative colitis

1. Introduction Europe and North America and is increasing in low-incidence

areas, such as the developing world.""®! That may partly
Incidence and prevalence of ulcerative colitis (UC), an idiopathic  attribute to environment, diet, exercise, depression and anxi-
chronic immune-mediated inflammatory condition of the large  ety.[**! Nearly 1 million individuals each are affected by this
intestine, has stabilized in high-incidence areas such as Western  disease in the United States and Europe.*! The hallmark
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symptoms of UC are intermittent bloody diarrhea, rectal urgency,
and tenesmus. As many as 25 percent of patients with UC have
extraintestinal manifestations, including osteoporosis, oral ulcer-
ations, arthritis, and et al.'% Patients with active disease are more
likely to have comorbid psychological conditions of anxiety and
depression. Though UC does not significantly increase mortality, it
seriously menaces quality of life and work ability, increases risk of
colorectal cancer, increases mortality from liver diseases.!'*78!

Its treatment is far from satisfaction. Five-year cumulative risk
of colectomy is 10% to 15%.!"1 T cell modulators/suppressors are
applied to treat UC because T cells are proven to play a pivotal
role.”>!! Calcineurin inhibitors suppress T cells functions by
blocking transcription of genes involved in T cells activation.['!~
131 Antitumor necrosis factor a (Anti-TNF-a) antibodies interfere
with endogenous TNF-a activity via binding to human TNF-a
what plays a decisive role in activation, expansion, and
phenotypical stability of T cells."%'*13I Thus, both calcineurin
inhibitors and anti-TNF-a antibodies have been considered for
UC therapy.™

Cyclosporine (CsA) and tacrolimus (TAC) are 2 calcineurin
inhibitors recommended to treat UC.!*'¢~"*! [nfliximab (IFX) has
conventionally been 1 of the mainstays of anti-TNF-a therapy for
UC.*1e I Byt positioning IFX, CsA and TAC for treating UC is
in great debate because efficacy varied greatly among different
reports. Croft et al reported that IFX was superior than CsA
while the study of Sjoberg et al indicated that CsA was superior
than IFX.[""2% Endo et al reported that IFX treatment yielded
better short-term remission than TAC while the study of
Yamamoto et al suggested that TAC treatment yielded better
than IFX.["®2" Here, we conducted a systematic review and
network meta-analysis to compare relative efficacy of IFX, TAC
and CsA. Efficacy of IFX vs. calcineurin inhibitors, IFX vs. CsA,
IFX vs. TAC and TAC vs. CsA were also meta-analyzed.

2. Methods

2.1. Literature search

We performed a systematic literature review after the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) Statement and the Cochrane Handbook for System-
atic Reviews of Interventions.*”! We systematically searched
PubMed, MEDLINE, Cochrane Library to identify published
studies what examined the efficacy of IFX vs calcineurin
inhibitors (TAC and/or CsA). The bibliographic search was
performed by two reviewers in May 6, 2019. The following
search terms were used: “colitis” and “infliximab or remicade or
anti-TNF” and “tacrolimus or fujimycin or FK506 or cyclospor-
ine or cyclosporin or ciclosporin” in any field. Articles written in
English were included.

Studies were selected by two reviewers. All studies were
selected if they met the following criteria: the efficacy of IFX vs
calcineurin inhibitors (TAC and/or CsA) was included in the
study. Studies without enough data were excluded from analysis.

All analyses were based on previous published studies, thus no
ethical approval and patient consent are required in this study.

2.2. Data extraction

Each included study was reviewed in full by 2 investigators. The 2
investigators confirmed eligibility for inclusion in the meta-
analysis based on the following criteria:
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(1) published as an abstract, conference paper or full text;

(2) include patients with UC;

(3) present the efficacy of IFX vs calcineurin inhibitors (TAC and/
or CsA); and

(4) provide sufficient information to calculate odds ratio (OR)
and 95% confidence interval (CI).

Following information was extracted: number of enrolled
patients, gender, age, duration of disease prior to intervention, C-
reactive protein (CRP), albumin level, short-term (about 2 to 3
months) clinical response, short-term clinical remission, short-
term colectomy, 1-year colectomy, 3-year colectomy. Data were
independently cross-checked.

2.3. Statistical analysis

Meta-analysis of aggregate patient data was conducted by
combining ORs of individual studies into a pooled OR using a
random-effects model. Statistical pooling of effect measures was
based on the level of heterogeneity among studies, which was
assessed with the Cochrane O test and the I* statistic. No
significant heterogeneity was indicated by P>.1 in Cochrane Q
tests and a ratio less than 50% in I” statistics. OR was calculated
using a fixed-effects model the Mantel-Haenszel method.
Publication bias that included a small-study effect was evaluated
by visual inspection of funnel plots for all assessed comparisons.
Statistical analyses were performed using Review Manager,
version 5.3 (The Nordic Cochrane Center, Copenhagen,
Denmark). P<.05 was considered significant.

We conducted network meta-analysis using a multivariate,
consistency model, random-effects meta-regression using STATA
v.13.0 (College Station, TX). This frequentist approach provides
a point estimate from the network along with 95% CI from the
frequency distribution of the estimate.!®!

3. Results

3.1. Search results

As shown in Figure 1, a total of 390 articles were identified
initially using the above search strategy employing Endnote.
Three hundred and sixty-two articles were excluded on review of
the title and abstract. After further careful review of 28 articles of
the full text, a further 13 studies were excluded. One was a
protocol; 1 was a comment; 1 focused on side effects; 1 was
original article that was later released in full publication; 3 did not
provide sufficient information; 6 reported outcomes in patients
who did not meet enrollment criteria. Finally, 15 studies were
eligible for meta-analysis.[1%13:15:17-21,23-29]

3.2. Study characteristics

Of included 15 studies, 2 were prospective studies and 13 were
retrospective. Both prospective studies were multicenter, un-
blinded and 1 of them was RCT. Only 2 of 13 retrospective
studies were multicenter. Overall, the meta-analysis comprised
596 patients in IFX group and 866 patients in calcineurin
inhibitors group. The detailed information was summarized in
Tables 1-4 and supplementary Table 1, http:/links.lww.com/
MD/F100.

Nine studies were selected to meta-analyze efficacy of IFX vs
CsA [1213:17:19,20.24.25.27.28] T4 were prospective, multicenter
studies and 7 were retrospective cohort studies. The meta-
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1,993 records identified through database searching using (infliximab or remicade or
anti-TNF) and Colitis in all fields

A

337 records identified through
searching using (cyclosporine
or cyclosporin or ciclosporin)

v

117 records identified through
searching using (tacrolimus or
fujimycin or FK506)

390 Records screened after duplicates removed using Endnote

A4

23: case reports

362 records excluded after review of titles and abstracts
1: was not written in English

225: did not provide outcomes data
113: were not associated with this project

y

28 full-text articles assessed for eligibility

\4

W N = = =

1: protocol

: comment

: reported side effect

13 records excluded after review of full-text

: released in full publication later
: did not meet enrollment criteria
: did not provide sufficient information

A4

15 studies included in meta-analysis

Figure 1. Preferred reporting items for meta-analyses flow chart.

Characteristics of studies included in the systematic review and meta-analysis of infliximab vs cyclosporine.

Gender Mean

Duration of

Publication No. of Male/ age disease prior
First author year Location Type of study patients Regimen patients Female (years) to intervention (yr) CRP (mg/L)
Dean, K. El"® 2012 New Zealand Retrospective, single-center SR UC IFX 19 11/8 25 1.0 32 (1-259)
CsA 19 12/7 31 3.0 56 (9-236)
Laharie, D% 2012 Europe Multicenter, unblinded, RCT SR severe UC IFX 57 30/27 36 1.0 46 (28-73)
CsA 58 30/28 39 2.4 30 (16-67)
Mocciaro, F.?”! 2012 Italy Retrospective, single-center SR severe UC IFX 30 15/15 37 4.0 NA
CsA 35 15/20 34.9 3.0 NA
Sjoberg, M.1"%) 2012 Australia& Sweden  Retrospective, Multicenter, SR MtoS UC IFX 49 30/19 38 3 NA
CsA 43 21/22 32 5 NA
Croft, A.2% 2013 Australia Prospective, multicenter, SR severe UC IFX 38 15/23 26 0.34 72 (31-213)
unblinded
CsA 43 26/17 28 3.57 53 (29-113)
Lowenberg, M.®! 2014 Holland Retrospective, single-center SR-ASUC IFX 16 9/7 34 4 NA
CsA 26 15/11 37 2 NA
Kim, E. H.l"” 2015 Korea Retrospective, single-center SR UC IFX 33 25/8 44 6.4 30 (28-489)
CsA 10 3/7 56 10.1 11 (2-48)
Duijvis, N. w.['? 2016 USA Retrospective, single-center MtoS UC IFX 22 14/8 355 40 NA
CsA 33 17/16 37.7 2.9 NA
Ordas, 1.2 2017 Spain Retrospective, Multicenter, SR-ASUC IFX 131 76/55 40.9 3.1 NA
CsA 377 217/160  36.0 1.7 NA

ASUC=acute severe ulcerative colitis, CsA=cyclosporine, IFX=infliximab, MtoS =moderate-to-severe, NA=not applicable, SR = steroid-refractory, UC=ulcerative colitis.
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Table 2
Characteristics of studies included in the systematic review and meta-analysis of infliximab vs tacrolimus.
Gender Duration of
Publication No. of  Male/ Mean disease prior to
First author year Location Type of study patients Regimen patients Female age (yr) intervention (yr) CRP (mg/L)
Endo, K.['® 2016 Japan  Retrospective, single-center SR UC IFX 48 31/17 24 4 100 (1-750)
TAC 47 30117 30 3.8 40 (10-2310)
Nuki, Y.2®! 2016 Japan  Retrospective, single-center MtoS UC IFX 25 10/15 39 6 75 (24-171)
TAC 21 714 37 7 48 (15-278)
Yamamoto, T.1?" 2016 Japan  Retrospective, single-center  SR/D MtoS UC IFX 40 NA NA NA 18 (14-21)
TAC 50 29/21 43 45 21 (18-25)
Matsumoto, S.I'! 2017 Japan  Retrospective, single-center  SR/D MtoS UC IFX 14 NA NA NA NA
TAC 29 18/11 39 3.8 NA
Yamagami, H.%% 2017 Japan  Retrospective, single-center SR MtoS UC IFX 58 2533 422 NA 30 (10-80)
TAC 64 36/28 37.9 NA 260 (55-722)
Otsuka, T.?¥! 2018 Japan  Retrospective, single-center SR MtoS UC IFX 18 9/9 47 4.2 200 (0-1812)
TAC 11 6/5 51 1.0 130 (0-767)
ASUC=acute severe ulcerative colitis, IFX=infliximab, MtoS=moderate-to-severe, NA=not applicable, SR=steroid-refractory, TAC=tacrolimus, UC = ulcerative colitis.
Table 3
Data extracted for measured outcomes of infliximab vs cyclosporine.
Short-term efficacy
Publication No. of 1-yr 3-yr
First author year patients Regimen patients Time Remission % Colectomy % Colectomy % Colectomy %
Dean, K. E."3 2012 SR UC IFX 19 3M NA 21 37 NA
CsA 19 NA 63 68 NA
Laharie, D. 2012 SR severe UC IFX 57 14W 46 21 NA NA
CsA 58 40 17 NA NA
Mocciaro, F.?7] 2012 SR severe UC IFX 30 3M 83 17 17 27
CsA 35 71 28.5 48 57
Sjoberg, M.I'Y 2012 SR MtoS UC IFX 49 3M NA 33 43 NA
CsA 43 NA 7 23 NA
Croft, A.2 2013 SR severe UC IFX 38 3M NA 24 35 NA
CsA 43 NA 47 58 NA
Lowenberg, M.12®! 2014 SR UC IFX 16 3M NA 25 NA NA
CsA 26 NA 19.2 NA NA
Kim, E. H.I'2 2015 SR UC IFX 33 3M 455 0 3.0 3.0
CsA 10 30.0 10.0 30.0 60.0
Duijvis, N. W.["") 2016 MtoS UC IFX 22 3M 52.4 29 48 67
CsA 33 64.9 36 58 64
Ordas, 1.2 2017 SR-ASUC IFX 131 3M NA 145 23.6 NA
CsA 377 NA 241 29.7 NA
ASUC =acute severe ulcerative colitis, CsA=cyclosporine, IFX=infliximab, MtoS=moderate-to-severe, NA=not applicable, SR = steroid-refractory, UC = ulcerative colitis.
Table 4
Data extracted for measured outcomes of infliximab vs tacrolimus.
Short-term efficacy
Publication No. of 1-yr 3-yr
First author year patients Regimen patients Time Reponse % Remission % Colectomy % Colectomy %  Colectomy %
Endo, K.['® 2016 SR UC IFX 48 2M 81.3 68.8 3 3 3
TAC 47 68.1 55.3 4 8 18
Nuki, Y.12! 2016 MtoS UC IFX 25 10W 92 76.0 0 NA NA
TAC 21 85 66.7 0 NA NA
Yamamoto, T.12" 2016 SR/D MtoS UC IFX 40 12W 65 30 15 20 NA
TAC 50 62 40 10 24 NA
Matsumoto, S.I"®! 2017 SR/D MtoS UC IFX 14 12W NA 57 NA NA NA
TAC 29 NA 55 38 38 NA
Yamagami, H.%% 2017 SR MtoS UC IFX 58 14W NA 37.9 NA NA NA
TAC 64 NA 50 NA NA NA
Otsuka, T.2 2018 SR MtoS UC IFX 18 12W 94.4 77.8 0 0 NA
TAC 11 72.7 7.7 0 25 NA

ASUC =acute severe ulcerative colitis, IFX=infliximab, MtoS=moderate-to-severe, NA=not applicable, SR = steroid-refractory, TAC =tacrolimus, UC = ulcerative colitis.
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Figure 2. Short-term response of IFX and TAC. A: Forest plot. B: Funnel plot.

analysis comprised 393 patients in IFX group and 644 patients in
CsA group. Eight studies were carried out in the Western and
only 1 was carried out in the Eastern, Korea. Tables 1 and 3 and
supplementary Table 1, http:/links.lww.com/MD/F100 list the
identified studies and their main characteristics.

Six studies were selected to meta-analyze efficacy of IFX vs.
TAC. 1518212326291 Oyerall, the meta-analysis comprised 203
patients in [IFX group and 222 patients in TAC group. All 6 studies
were carried out in Japan and all were retrospective cohort studies.
Tables 2 and 4 and supplementary Table 1, http://links.lww.com/
MD/F100 list the identified studies and their main characteristics.

3.3. Induction of short-term clinical response

Four studies reported short-term clinical response and all focused
on IFX vs TAC.I'8-21:26:291 T hundred and sixty subjects were
included; 131 received IFX and 129 received TAC. Efficacy was
assessed between 2 months and 14 weeks. The pooled OR was
1.67 [95% CI: 0.94-2.99, P:.08]. Those indicate that IFX might
induce higher short-term clinical response rate than TAC
(Fig. 2A).

Visual inspection of the corresponding funnel plot revealed no
publication bias (Figure 2B).

3.4. Induction of short-term clinical remission

Ten studies reported short-term clinical remission (Figs. 3 and
4) [1215.17,18,21,23,24,26,27.29]  Three hundred and forty-four
patients received IFX and 362 received calcineurin inhibitors.
Efficacy was assessed between 2 months and 14 weeks. The
pooled OR was 1.05 [95% CI: 0.77-1.44, P:.75] (Fig. 3A). Four

studies comprised 331 patients focused on steroid-refractory
moderate-to-severe UC.1**2*27:2°1 The pooled OR was 1.02
[95% CI: 0.65-1.60, P:.94] (Fig. 4A). Those suggest that there is
no significant difference between IFX and calcineurin inhibitors
in UC or in steroid-refractory moderate-to-severe UC.

Four studies, 1 prospective and 3 retrospective, focused on IFX
vs CsA.117:24271 Ope hundred and forty-one patients received
IFX and 140 received CsA. Efficacy was assessed between 3
months and 14 weeks. The pooled OR was 1.23 [95% CI: 0.74—
2.05, P:.42] (Fig. 3A). Two studies comprised 180 patients
focused on steroid-refractory severe UC. The pooled OR was
1.45 [95% CI: 0.77-2.71, P:.25] (Fig. 4A). Those suggest that
there is no significant difference in short-term clinical remission
between IFX and CsA in UC or steroid-refractory severe UC.

Six studies, all retrospective, focused on IFX vs. TAC and
included 203 patients who received IFX and 222 patients who
received TAC (Figs. 3 and 4).['%1821.23.26.291 EfGeacy was
assessed between 2 months and 14 weeks. The pooled OR
was 0.96 [95% CI: 0.64-1.42, P:.82] (Fig. 3A). Two studies
comprised 151 patients focused on steroid-refractory moderate-
to-severe UC. The OR was 0.68 [95% CI: 0.35-1.33, P:.26]
(Fig. 4A). Those suggest that there is no difference in short-term
clinical remission between IFX and TAC in UC or steroid-
refractory moderate-to-severe UC.

Visual inspection of the corresponding funnel plot revealed no
publication bias (Fig. 3B and 4B).

3.5. Short-term colectomy

It is well accepted that colectomy rate is the primary end-point to
assess efficacy in UC treatment,!113:17:18:20,21,24.25.27.28] g}, ¢
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Figure 3. Short-term remission of IFX and calcineurin inhibitors. A: Forest plot. B: Funnel plot.

term colectomy was reported in 13 studies. Two studies were
excluded because no patient received colectomy in neither IFX
group nor calcineurin inhibitors group?®**! and 1 was excluded
because of heterogeneity.'”! Ten studies were includ-
ed.[12:13:17:18,20.21,24,23,27.28] Efficacy was assessed between two
months and 14 weeks. One thousand one hundred and thirty
patients were included, 432 in IFX group and 698 in calcineurin
inhibitors group (Figs. 5 and 6). The pooled OR was 0.59 [95%
CI: 0.43-0.82, P:.001] (Fig. 5). If heterogeneity was not taken in
account, the pooled OR was 0.66 [95% CI: 0.49-0.89, P:.007]
(supplementary Figure 1, http:/links.lww.com/MD/F101). Those
results suggest that IFX leads to a lower colectomy rate at short-
term than calcineurin inhibitors.

Eight studies, 2 prospective and 6 retrospective, focused on
IFX vs CsA.l1%13:17:20.24.2527.281 e hundred and ninety-five
subjects were included in 2 prospective studies; 94 received IFX
and 101 received CsA.[?%?* The OR of prospective studies was
0.70 [95% CI: 0.36-1.33, P:.37] (supplementary Figure 2,
http://links.lww.com/MD/F102). Seven hundred and fifty sub-
jects were included in 6 retrospective studies; 250 received IFX
and 500 received CsA.['213:17:25:27281 The OR of retrospective
studies was 0.52 [95% CI: 0.34-0.78, P:.002] (supplementary
Figure 2, http:/links.lww.com/MD/F102). The pooled OR of all
8 studies was 0.51 [95% CI: 0.36-0.71, P<.001] (Fig. 3,
supplementary Figure 2, http:/links.lww.com/MD/F102). If
heterogeneity was not taken in account and 9 studies reported


http://links.lww.com/MD/F101
http://links.lww.com/MD/F102
http://links.lww.com/MD/F102
http://links.lww.com/MD/F102

Jia et al. Medicine (2020) 99:44

www.md-journal.com

IFX CsAITAC
1.3.6 IFXvs CsA
2012 Laharie, D. 26 57 23 58 33.2%
2012 Mocciaro, F. 25 30 25 35 10.3%
Subtotal (95% Cl) 87 93  43.5%
Total events 51 48
Heterogeneity: Chi? = 0.39, df = 1 (P = 0.53); I?= 0%
Test for overall effect: Z = 1.15 (P = 0.25)
1.3.9IFXvs TAC
2017 Yamagami, H. 22 58 32 64 50.6%
2018 Otsuka, T. 14 18 8 11 5.9%
Subtotal (95% Cl) 76 75 56.5%
Total events 36 40
Heterogeneity: Chi* = 0.64, df = 1 (P = 0.42); = 0%
Test for overall effect: Z = 1.12 (P = 0.26)
Total (95% Cl) 163 168 100.0%

Total events 87 88
Heterogeneity: Chi® = 3.56, df = 3 (P = 0.31); I = 16%
Test for overall effect: Z = 0.07 (P = 0.94)

Odds Ratio Odds Ratio
v . o, x + o,

1.28[0.61, 2.68] -

2.00 [0.60, 6.69] = g

1.45 [0.77, 2.71] o

0.61[0.30, 1.26] —

1.31[0.23, 7.41] e

0.68 [0.35, 1.33] & o

1.02 [0.65, 1.60] <>

0.01 0.1 1 10 100

Favours [CsA/TAC] Favours [IFX]

Test for subaroup differences: Chi?=2.57.df=1(P=0.11). 2 =61.1%

A
o 1SE(log[OR])

3.

021
0.4
061 ?

0.8t

.
.
¥

0.1

ki OR
100

IFX vs TAC |

il P cssssssssassssssenssasssnnssnsassnssns

1
0.01

Subgroups
[+ IFX'vs CsA
B

Figure 4. Short-term remission on steroid-refractory moderate-to-severe UC of IFX and calcineurin inhibitors. A: Forest plot. B: Funnel plot.

short-term colectomy were included, the pooled OR was 0.56
[95% CI: 0.40-0.79, P:.001] (supplementary Figure 1, http:/
links.Iww.com/MD/F101). Those results suggest that IFX leads
to a lower colectomy rate at short-term than CsA. Two
prospective studies and 3 retrospective studies focused on
steroid-refractory severe UC.12%?*2327:28] The OR of prospec-
tive studies was 0.70 [95% CI: 0.36-1.33, P:.27] and the OR of
retrospective studies was 0.58 [95% CI: 0.36-0.92, P:.02]. The
pooled OR of the five studies was 0.61 [95% CI: 0.42-0.89,
P:.01] (Fig. 6). Together with the resulted mentioned before,
those unanimously indicate that IFX was superior than CsA to
avoid short-term colectomy in UC and steroid-refractory severe
UcC.

Results of meta-analysis of IFX vs TAC were not concordant
with those of IFX vs CsA. Short-term colectomy was reported in 4
studies focused on IFX vs. TAC.['821:26:291 Ty studies were
excluded because no patient received colectomy in neither IFX
group nor TAC group.*>**! Two studies, all retrospective, were

included.'®2! Eighty-eight patients received IFX and 97 patients
received TAC. Efficacy was assessed between two months and 12
weeks. The OR was 0.91 [95% CI: 0.38-2.21, P:.84] (Fig. 5).
That suggests that there is no difference in short-term colectomy
rate between IFX and TAC in UC.

Visual inspection of the corresponding funnel plot revealed no
publication bias.

3.6. One-year colectomy

One-year colectomy was reported in 10 studies. One study was
excluded because of heterogeneity.!"®! Nine hundred and seventy-
one patients were included, 360 in IFX group and 611 in
calcineurin inhibitors group.1%1317:18:2021.25.27.291 The pooled
OR was 0.53 [95% CI: 0.38-0.73, P<.001] (Fig. 7). If
heterogeneity was not taken in account and all studies reported
1-year colectomy were included, the pooled OR was 0.63 [95%
CIL: 0.47-0.85, P:.003] (supplementary Fig. 3, http:/links.lww.
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Figure 5. Short-term colectomy of IFX and calcineurin inhibitors. A: Forest plot. B: Funnel plot.

com/MD/F103). Those results suggest that IFX leads to a lower
colectomy rate at 1 year than calcineurin inhibitors.

Six studies, 1 prospective and 5 retrospective, focused on IFX
vs. CsA[1213:17:20.25271 The OR of the prospective study was
0.39[95% CI: 0.16-0.97, P:.04] and that of retrospective studies
was 0.55 [95% CI: 0.38-0.80, P:.002] (supplementary Figure 4,
http://links.lww.com/MD/F104). The pooled of all 6 studies was
0.53 [95% CI: 0.37-0.74, P<.001] (Fig. 7, supplementary
Figure 4, http:/links.lww.com/MD/F104). If heterogeneity was
not taken in account and 7 studies reported 1-year colectomy
were included, the pooled OR was 0.65 [95% CI: 0.47-0.89,
P:.007] (supplementary Figure 3, http:/links.lww.com/MD/

F103). Those results suggest that IFX leads to a lower colectomy
rate at 1 year than CsA. One prospective study and 2
retrospective  studies focused on steroid-refractory severe
UC.2%2527] The pooled OR of the 3 studies was 0.57 [95%
CL: 0.39-0.83, P:.004] (Fig. 8). Together with the results
mentioned before, those unanimously indicate that IFX is
superior than CsA to avoid 1-year colectomy in UC and
steroid-refractory severe UC.

Results of meta-analysis of IFX vs TAC were not concordant
with that of IFX vs CsA. Three studies focused on IFX vs
TAC.1821:2%1 Ejohty-nine patients received IFX and 94 patients
received TAC. The OR was 0.55 [95% CI: 0.23-1.30, P:.17]
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Figure 6. Short-term colectomy on steroid-refractory severe UC of IFX and CsA. A: Forest plot. B: Funnel plot.

(Fig. 7). Those suggest that there is no significant difference in
1-year colectomy rate between IFX and TAC in UC.

Visual inspection of the corresponding funnel plot revealed no
publication bias.

3.7. Three-year colectomy

Three-year colectomy was the primary end-point in 4 studies and
all were retrospective studies.!'>171827! Because of heterogene-
ity, 1 study was excluded.™*! Seventy-seven patients received IFX
and 104 patients received calcineurin inhibitors. The pooled OR
was 0.41 [95% CI: 0.20-0.84, P:.02] (Fig. 9). If heterogeneity
was not taken in account and all studies reported 3-year
colectomy were included, the pooled OR was 0.30 [95% CI:
0.16-0.59, P<.001] (supplementary Figure 5, http:/links.lww.
com/MD/F105). Those results suggest IFX treatment leads to a
lower 3-year colectomy rate than calcineurin inhibitors in UC.

Two study focused on IFX vs CsA and the OR was 0.49 [95%
CL: 0.22-1.06, P:.07] (Fig. 9). Those results suggest IFX
treatment might lead to a lower 3-year colectomy rate than
CsA. One study focused on IFX vs TAC and the OR was 0.16
[95% CI: 0.02-1.42, P:.10] (Fig. 9).

Visual inspection of the corresponding funnel plot revealed no
publication bias.

3.8. Network meta-analysis among IFX, TAC and CsA

Network meta-analysis to compare the relative efficacy of IFX,
TAC, and CsA was done (Fig. 10, Table 5).

For induction of clinical remission, the order of pharmacologi-
cal agents was TAC, [FX and CsA from high efficacy to low. But
there was no significant difference. (Table 5)

For short-term colectomy, the order of pharmacological agents
was CsA, TAC, and IFX from high colectomy rate to low. There
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Figure 7. One-year colectomy of IFX and calcineurin inhibitors. A: Forest plot. B: Funnel plot.

was a significant difference between CsA and IFX. No
significance was observed between TAC and IFX, or between
TAC and CsA. (Table 5)

For 1-Year colectomy, the order of pharmacological agents
was CsA, TAC and IFX from high colectomy rate to low. There
was a significant difference between CsA and IFX. No
significance was observed between TAC and IFX, or between
TAC and CsA. (Table 35)

4. Discussion

UC generally begins in young adulthood and lasts throughout
life. The efficacy and safety of treatment is far from satisfaction.

Five-year cumulative risk of colectomy is 10% to 15%.!"

Immunosuppression with high-dose corticosteroids is first-line
therapy.[*'®) Regretfully, up to 30% of the patients are
unresponsive to corticosteroid therapy and part of the patients
who are responsive to corticosteroid therapy will become steroid-
dependent.'?1 Those require salvage therapy. Studies on
efficacy of anti-TNF-a antibodies or calcineurin inhibitors to
treat UC as salvage therapies are accumulating. IFX has
conventionally been 1 of the mainstays of anti-TNF-a therapy
for UC.*' CsA and TAC are 2 calcineurin inhibitors
recommended to treat UC as salvage therapy.!! Almost all these
studies indicated that both calcineurin inhibitors and anti-TNF-a
antibodies were efficacious. IFX treatment induced the short-term
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Figure 8. One-year colectomy on steroid-refractory severe UC of IFX and CsA. A: Forest plot. B: Funnel plot.

remission rate ranging from 30% (12/40) to 83% (25/30) and
calcineurin inhibitors induced remission rate ranging from 30%
(3/10) to 73% (8/11).21*"V IEX treatment decreased 1-Year
colectomy rate ranging from 3% (1/33) to 48% (10/21) and
calcineurin inhibitors decreased 1-Year colectomy rate ranging
from 8% (3/36) to 68% (13/19).1'%!31718]

Efficacy of IFX and calcineurin inhibitors on UC were
compared here. IFX induced similar short-term remission rate
as calcineurin inhibitors (OR: 1.05; 95% CI: 0.77-1.44; P:.75)
(Fig. 3). Colectomy is generally the last choice of salvage therapy
and it seriously causes morbidity.[**! Therefore, risk of
colectomy has been extensively studied and the colectomy rate
are the primary end-point to access the efficacy of medications in
most of studies. IFX treatment significantly decreased colectomy
rate in UC patients than calcineurin inhibitors did. With
increased time post-treatment, results favored IFX more. ORs
of colectomy were 0.59 [95% CI: 0.43-0.82, P:.001], 0.53 [95%
CI: 0.38-0.73, P<.001], 0.41 [95% CI: 0.20-0.84, P:.02] at the
end of short-term, 1 year and 3 years, respectively (Figures 5, 7,
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9). These indicate that IFX is superior than calcineurin inhibitors
in the treatment of UC.

However, these could not lead to the conclusion that IFX is
superior than each of calcineurin inhibitors in the treatment of
UC. IFX significantly decreased colectomy rate in UC patients
than CsA did while it did not significantly decrease colectomy rate
than TAC did. IFX vs CsA ORs of colectomy were 0.51 [95% CIL:
0.36-0.71, P<.001], 0.53 [95% CI: 0.37-0.74, P: <.001], 0.49
[95% CI: 0.22-1.06, P:.07], at the end of short-term, 1 year and
3 years, respectively (Figures 5, 7, 9). But, IFX vs. TAC ORs of
colectomy were 0.91 [95% CI: 0.38-2.21, P:.84], 0.55 [95% CI:
0.23-1.30, P:.17], 0.16 [95% CI: 0.02-1.42 P:.10], at the end of
short-term, 1 year and 3 years, respectively (Figures 5, 7, 9).
Therefore, IFX is superior than CsA while there is no significant
difference between IFX and TAC.

Then, the above data lead to the hypothesis that TAC might be
superior than CsA. Network meta-analysis was done to test this
hypothesis because there is no head-to-head trial. Results
supported that TAC treatment induced higher short-term


http://www.md-journal.com

Jia et al. Medicine (2020) 99:44 Medicine

IFX CsAITAC Odds Ratio Odds Ratio
__Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
1.13.2 IFX vs CsA
2012 Mocciaro, F. 8 30 20 35 57.9% 0.27 [0.10, 0.78] ——
2016 Duijvis, N. W. 10 15 21 33 18.7% 1.14 [0.32, 4.14] 0 -
Subtotal (95% Cl) 45 68 76.6% 0.49 [0.22, 1.06] -
Total events 18 41

Heterogeneity: Chi? = 2.86, df =1 (P = 0.09); I? = 65%
Test for overall effect: Z = 1.82 (P = 0.07)

1.13.3IFX vs TAC

2016 Endo, K. 1 a2 6 36 23.4% 0.16 [0.02, 1.42] .
Subtotal (95% CI) 32 36 234%  0.16[0.02, 1.42] — e ——
Total events 1 6

Heterogeneity: Not applicable
Test for overall effect: Z = 1.64 (P = 0.10)

Total (95% CI) 77 104 100.0%  0.41[0.20, 0.84] -
Total events 19 47
Tae i2 = = - 2= 0, k + t
_ll-_lelc:;ogeneltyl.l C:fl . 327_22(1:2 1%}(-PO 0[;.16), 12 = 46% 0.01 01 1 10 100
e e ( Sk ) Favours [CSA/TAC] Favours [IFX]
Test for subaroup differences: Chiz = 0.87.df =1 (P =0.35). 2= 0%
A

0. SE(IoglOR])

051 £

15+

2 o b
0.01 0.1 1 10 100

Subgroups
[C1FX Vs CsA 1 IFX vs TAC |
B

Figure 9. Three-year colectomy of IFX and calcineurin inhibitors. A: Forest plot. B: Funnel plot.
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Figure 10. Network of included studies with the available direct comparisons for induction of short-term remission (A), short-term colectomy(B) and 1-year
colectomy (C). The size of nodes and the thickness of edges are weighted according to the number of studies evaluating each treatment and direct comparison
respectively.
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Network meta-analysis. Comparisons should be read from left to right.

Short-term Remission TAC
Short-term colectomy TAC
1-yr colectomy TAC

1.186 (0.665, 2.119)
CsA

1,047 (0.700, 1.566)
0.883 (0.580, 1.345)
IFX
1.085 (0.438, 2.690)
1.732 (1.257, 2.385)
IFX
1.436 (0.569, 3.627)
1.969 (1.423, 2.726)
IFX

0.626 (0.239, 1.640)
CsA

0.729 (0.273, 1.946)
CsA

OR for comparisons are in the cell in common between the column-defining and row-defining treatment. OR > 1 favours row-defining treatment. Numbers in parentheses indicate 95% confidence interval.

CsA=cyclosporine, IFX=infliximab, TAC =tacrolimus.

remission (OR: 1.186, 95% CI: 0.665, 2.119), lower short-term
colectomy (OR: 0.626, 95% CI: 0.239, 1.640) and lower 1-Year
colectomy (OR: 0.729, 95% CI: 0.273, 1.946) than CsA
(Table 5). These support that TAC might be superior than CsA.

While the majority of patients have a mild to moderate course,
up to 30% patients experience a severe disease course.!***%! Lok
et al reported that according to medical records in his hospital,
39.7% presented with mild disease, 30.2% with moderate
disease and 27.4% with severe disease.!?! Nearly 30% to 40% of
severe UC patients fail steroids treatment and may require
colectomy in the short term.”?”) Even those who avoid colectomy
in the short term face a significant long-term risk of colectomy.*!
CsA was first shown to be effective in acute steroid-refractory
severe UC more than 2 decades ago.!*>3!! Five studies compared
efficacy of CsA and IFX in steroid-refractory severe UC. ORs of
colectomy were 0.61 [95% CI: 0.42-0.89, P:.01], 0.57 [95% CIL:
0.39-0.83, P:.004] at the end of short-term and 1 year,
respectively (Figs. 6 and 8). These results indicate that IFX is
superior than CsA in the treatment of steroid-refractory severe
UC. Regretfully, no studies compared efficacy of IFX and TAC in
steroid-refractory severe UC.

At the same time, it seems that the IFX vs CsA OR of short-term
remission favours IFX while the TFX vs TAC OR favours
TAC, particularly in steroid-refractory moderate-to-severe UC
(P:.25~.26) (Figs. 3 and 4). Restults of Network meta-analysis also
suggests that the order of pharmacological agents was TAC, IFX
and CsA from high efficacy to low (Table 5). Even so, there is no
significant difference between calcineurin inhibitors and IFX in
UG, steroid-refractory moderate-to-severe UC or steroid-refracto-
ry severe UC (P:.25~.94) (Figs. 3 and 4 and Table 5). Futher studies
should be carried out to make a convincing conclusion.

Thiopurines and vedolizumab (the anti-integrin drug) are
recommended in UC patients, especially acute severe UC patients,
who achieve remission with calcineurin inhibitors treatment. In
this study, almost all patients who achieved remission with
calcineurin inhibitors were treated with thiopurines to mainte-
nance remission. All patients who achieved remission with IFX
were treated with IFX to maintenance remission. Recent research
showed that calcineurin inhibitors in combination with vedoli-
zumab allowed more than two thirds of patients to avoid
colectomy.®? This highlights difference in long-term efficacy
between IFX and calcineurin inhibitors might be caused by
difference in treatment to maintenance remission. If so, treatment
with calcineurin inhibitors followed by biological agents, such as
IFX, might be a potential choice for higher efficacy, more
economical cost. Further studies are needed to assess this
strategy.
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Besides inherent limitations of individual trials, there are
limitations to our analyses. First, different types of studies were
included. This meta-analysis study included 2 prospective studies
and 12 retrospective studies. 1 parallel, open-label, randomised
controlled trial assayed efficacy of IFX vs CsA.** No difference
was found in the short-term colectomy rate and colectomy rates
at longer intervals were not provided.**! One prospective study
showed colectomy rate was significantly lower in IFX group than
in CsA at 3-month and 12-month (P=.04). Second, the sample
size in each trial is small and only a few trials were included.
Consequently, confidence levels were very wide and there was a
great deal of variability. That is more serious in meta-analysis of
IFX vs TAC. All those made it hard to draw conclusions and
weakened the reliability. Third, clinical indices to assess clinical
response/remission differed among studies. The partial Mayo
score (pMS),?! the full Mayo score,3 Lichtiger index,**
Rachmilewitz Clinical Activity Index, " fulminant colitis
index!" and others were employed in studies. Though those
correlate with each other and should be equally useful to assess
short-term efficacy in UC, little variability among studies might
be unavoidable. Fourth, disease associated confounders, partic-
ularly CRP, duration of disease prior to intervention and albumin
level among studies varied enormously (Tables 1 and 2). CRP is
commonly used as an inflammatory marker and correlates with
the severity of disease.[**3! CRP levels and/or durations of disease
prior to intervention at baseline were statistically different
between groups in several studies but both of them are
significantly influenced the clinical outcomes.!*>*3%331 Fifth,
induction strategy differed a lot and maintenance therapy differed
more among studies, sometimes even in 1 study. For example, at
induction course, CsA was initially administered in different
method, intravenously at 2 to 4 mg/kg or orally at 5 to 10 mg/kg.
IFX was given as a single induction dose of 5 mg/kg, 3 induction
infusions at weeks 0, 2, and 6. Different strategies may affect the
results.**! Sixth, there were no head-to-head trials to compare
efficacy of CsA and TAC. The comparative efficacy analyses were
based on indirect comparisons.

In summary, IFX treatment led to a lower short-term, 1-year
colectomy rate and a trend of lower 3-year colectomy rate in UC
patients and a lower short-term, 1-year colectomy rate in steroid-
refractory severe UC patients than CsA. These indicate that IFX is
superior than CsA. No significant differences in short-term, 1-
year and 3-year colectomy rate were found between IFX and
TAC. Results of network meta-analysis hint that TAC may be
superior than CsA. Conclusion is significantly limited. Pragmatic
head-to-head trials comparing TAC and CsA would significantly
enhance clinical practice. Randomized trials with fixed protocol
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are warranted to identify the optimal medical strategy in patients
with UC or severe UC.
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