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Abstract: Vedolizumab is an anti-inflammatory monoclonal antibody
that exclusively targets the «a4f7 integrin. We aimed to systematically
review the efficacy and safety of vedolizumab for patients with inflam-
matory bowel diseases (IBDs).

PubMed, EMBASE, and the Cochrane Library were searched up to
May 2014. Randomized controlled trials examining the efficacy or
safety of vedolizumab in patients with IBDs were eligible for inclusion.
Data were extracted independently by 2 investigators and pooled using
Review Manager 5.0 software (The Cochrane Collaboration, Copenha-
gen). Results were expressed as the relative risk (RR) with 95%
confidence intervals (CIs).

Six randomized controlled trials involving 2815 patients were
eligible for inclusion. Vedolizumab was more effective than
placebo for patients with ulcerative colitis and Crohn disease
(CD) in clinical response (RR=1.82, 95% CI, [1.43, 2.31];
RR=146, 95% CI [1.18,1.81]) and clinical remission
(RR=2.23, 95% CI [1.35, 3.68]; RR=1.71, 95% CI [1.25,
2.34]) during induction therapy. A superior effect was found during
maintenance therapy in durable clinical/CD Activity Index-100
response (RR=2.22, 95% CI [1.62, 3.05]; RR=1.48, 95% CI
[1.13, 1.94]) and clinical remission (RR=2.55, 95% CI [1.38,
4.70]; RR=1.15, 95% CI [0.75, 1.77]). However, vedolizumab
may be associated with serious adverse events (RR =1.25, 95% CI
[1.03, 1.52]) and nasopharyngitis (RR =1.56, 95% CI [1.08, 2.25])
for patients with CD.

Vedolizumab was more effective than placebo as induction and
maintenance therapy for IBDs, with an acceptable short-term safety
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profile, and achieving cure, although it may be associated with serious
adverse events and nasopharyngitis for patients with CD.

(Medicine 93(28):€326)

Abbreviations: CD = Crohn disease, CDAI = CD Activity Index,
CI = confidence interval, IBD = inflammatory bowel disease,
MAdCAM = mucosal addressin cell adhesion molecule, PML =
progressive multifocal leukoencephalopathy, RCT = randomized
controlled trial, RR = relative risk, TNF = tumor necrosis factor,
UC = ulcerative colitis.

INTRODUCTION

nflammatory bowel diseases (IBDs), primarily including ulcera-

tive colitis (UC) and Crohn disease (CD), are chronic inflam-
matory disorders of the gastrointestinal (GI) tract.' The incidence
and prevalence of IBD are increasing over time globally.**

Current medical treatment modalities for IBD include
S-aminosalicylates, corticosteroids, immunosuppressants, and bio-
logic therapy.” ’ Surgery is often indicated for severe disease or
serious complications.! Although these drugs are effective and
have acceptable side effects, many patients do not have a clinical
response and corticosteroids become necessary.® In fact, corticos-
teroid therapy is effective but is frequently associated with serious
adverse effects.®” In addition, drug dependency and resistance are
produced in approximately 20% to 40% of IBD patients despite the
use of immunosuppressant drugs in an attempt to reduce corticos-
teroid requirements.'® A meta-analysis of immunosuppressive
therapy for IBD showed no statistically significant benefit in
inducing remission in active CD and UC compared with placebo."!
Antitumor necrosis factor (TNF) agents such as infliximab, ada-
limumab, and certolizamab pegol have dramatically improved IBD
treatment. However, a significant proportion of patients with UC
and CD will not respond or lose response to these agents over time.
Anti-TNF agents are also associated with complications.'*~"'
There are many theories on the pathogenesis of IBD, all of

which ultimately attribute leukocytic infiltration of the intesti-
nal mucosa and a disorder of intestinal barrier function.' Thus,
inhibition of leukocyte trafficking to the gut mucosa has
become an important target for the development of IBD
drugs.'”~'? Natalizumab, the first antagonist of leukocyte traf-
ficking, targets the a4P7 and 4Pl integrins that control
leukocyte adhesion to the vascular endothelium.'” Although
it has been shown to be effective in induction therapy for
patients with moderately to severely active CD,>*"* its
large-scale use was limited because of the potential for pro-
gressive multifocal leukoencephalopathy (PML), a fatal demye-
linating disease of the central nervous system.>*?
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Vedolizumab was designed specifically to inhibit gut
a4PB7 integrins; preliminary results have shown vedolizumab
to be potentially effective for patients with active CD and
UC.2%7% The uncertainty of adverse events was presented
during those studies. Our study is the first to systematically
review the efficacy of vedolizumab for patients with IBD.

METHODS

Search Strategy and Study Selection

An electronic search was conducted using MEDLINE,
EMBASE, and the Cochrane library up to May 2014. The
search strategy was not limited by language. Search terms (both
free text and medical subject headings) included: ““‘inflamma-
tory bowel diseases,” ‘“‘ulcerative colitis,” “Crohn’s disease,”
“vedolizumab,” “MLN0002,” “MLN02,” and “LDP-02.”
Studies were assessed independently by 2 investigators; eligi-
bility criteria are shown in Table 1.

Data Extraction

Data were carefully extracted by 2 independent investi-
gators according to the inclusion criteria in a prespecified
Microsoft Excel spreadsheet. Disagreement was resolved by
discussion with a third reviewer. The following data were
collected for each study: demographic data of trial participants
(age, sex), number of patients, country of origin, number of
centers, dosage and schedule of vedolizumab, and duration of
follow-up. Primary outcomes included clinical remission and
clinical or CD Activity Index (CDAI)-100 response in induction
and maintenance therapy. Clinical response was used to evaluate
the effect of vedolizumab for patients with UC, and CDAI-100
response was used for patients with CD.

In addition, data about adverse events were extracted for
each study. Data were extracted as intention-to-treat analyses in
which all dropouts or missing data were considered to be
treatment failures

Risk of Bias Assessment
Two investigators independently evaluated the methodo-
logic quality of the studies according to the Cochrane Risk of

TABLE 1. Eligibility Criteria of the Systematic Review and
Meta-Analysis

Items Eligibility Criteria

Study type RCT

Patients Aged >18 years, with active CD or UC.
With or without prior TNF antagonist.

Treatments Patients were treated intravenously with
vedolizumab or placebo, the dose of
vedolizumab was not limited.

Follow-up The minimum duration of follow-up was 6 wk.

Outcomes Reported at least one of the clinical response,
clinical remission, CDAI-100 response, any
adverse events, etc.

Others Baseline and other raw data could be extracted in

the appropriate format or be obtained from the
authors and other published results.

CD = Crohn disease, CDAI = CD Activity Index, RCT = randomized
controlled trial, TNF = tumor necrosis factor, UC = ulcerative colitis.
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Bias Tool for RCTs;* differences were resolved by discussion
with a third investigator. Six components were used, including
adequate sequence generation, allocation concealment, blind-
ing, incomplete outcome data addressed, free of selective
reporting, and free of other bias.

Statistical Analysis

Data were pooled using Review Manager 5.0 software
(RevMan 5.0). All data were analyzed on an intention-to-treat
basis. Efficacy and safety were analyzed using dichotomous
data, and the results were expressed as relative risk (RR) with
95% confidence intervals (CIs). A random effects model was
used to give a more conservative estimate of effect and adverse
events. Clinical heterogeneity was assessed by examining the
characteristics of the included studies, whereas statistical
heterogeneity was assessed using the /° statistic with a cutoff
of 50%, and the x> test®® with a P value <0.10. Subgroup
analyses were performed to identify the different effects of
vedolizumab for UC and CD. Finally, all outcomes were
reanalyzed using a fixed effects model to estimate the stability
of the meta-analysis.

RESULTS

Literature Search Results

We identified 6 eligible RCTs,?*>* evaluating the effect
and adverse events of vedolizumab in 2815 patients with active
IBD. The search flow diagram is shown in Figure 1. One RCT?®
was excluded because of no placebo group. Table 2 presents the
clinical characteristics of the included studies. There was no
clinical heterogeneity found in these studies. All studies were
conducted at multiple medical centers, vedolizumab or placebo
was given intravenously (at dosages of 0.5, 2, 6, 10 mg/kg, or
300 mg), and the duration of follow-up ranged from 42 days
to 52 weeks. Randomization was computer-generated in
4 trials®®>273* and allocation concealment was performed at
a central location in 2 trials;>*>! only 1 trial®' did not report
blinding. Therefore, the risk of bias was low (Figure 2).

Records identified through database
searching and other sources (n = 330)

Records after duplicates removed
(n=290)

Records excluded by title
» and abstract reading
v (n =253)

Full-text articles assessed for

eligibility (n = 37) Full-text articles excluded
(n=231)
» Review (7)
Abstract (10)
* Duplicate (4)
Studies included in qualitative Phase1 study (2)
synthesis (n = 6) Others (8)

l

Studies included in quantitative
synthesis (meta-analysis (n = 6)

FIGURE 1. Search flow diagram.
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FIGURE 2. Outcome of risk of bias.

EFFICACY OF VEDOLIZUMAB FOR IBD

Clinical Remission in Induction Therapy

Six RCTs** evaluated clinical remission in induction
therapy, comparing vedolizumab with placebo, which was
reported on days 422932734 4331 and 57,30 respectively. No
heterogeneity existed between these studies (I =0%,
P=0.55). In the overall analysis, there was a statistically
significant difference between the vedolizumab and placebo
groups (RR=1.88; 95% CI [1.45, 2.43]). Subgroup analysis
was performed to assess the different effects of vedolizumab for
UC and CD patients. The respective results were similar to the
overall analysis (Figure 3).

Clinical or CDAI-100 Response in Induction
Therapy

Two RCTs?%? regorted the clinical response for UC
patients, and 3 RCTs>%**3* reported the CDAI-100 response
for CD patients. Heterogeneity existed between these studies
(P =43.7%, P=0.18). Our meta-analysis showed that there
was a statistically significant difference between vedolizumab
and placebo groups for UC patients (RR =1.82; 95% CI [1.43,
2.31]) as well as CD patients (RR =1.46; 95% CI [1.18, 1.81])
(Figure 4).

4 | www.md-journal.com

Clinical Remission in Maintenance Therapy

Three RCTs*' ~* assessed clinical remission for patients
with active IBD in maintenance therapy. Clinical remission was
reported on days®>** 364 and’' 253. There was a statistically
significant difference on comparing vedolizumab with placebo
groups (RR =2.06; 95% CI [1.47, 2.88]). Results in the UC and
CD subgroups were similar to the overall analysis (Table 3).

Two studies*>>* reported durable clinical remission. There
was significant heterogeneity among these studies (% =78,
P=0.03). In the overall analysis, there was no statistically
significant difference on comparing vedolizumab with placebo
groups (RR=1.66; 95% CI [0.76, 3.64]). However, a statisti-
cally significant difference existed for UC patients in the
subanalysis (Table 3).

Durable Clinical or CDAI-100 Response

Two studies®'*? assessed durable clinical response for
patients with UC, and one study®> assessed the durable
CDAI-100 response for patients with CD. Heterogeneity existed
among these studies (I° =49%, P =0.14). The overall analysis
demonstrated that there was a statistically significant difference
on comparing vedolizumab with placebo groups (RR=1.81;
95% CI [1.29, 2.52]). Results in UC and CD subgroups were
similar to the overall analysis (Table 3).

SAFETY OF VEDOLIZUMAB FOR IBD

Serious Adverse Events

All of the included RCTs*** reported serious adverse
events during the follow-up period. There was heterogeneity
among these studies (I°=45%, P =0.22). The meta-analysis
showed that no statistically significant difference existed
between vedolizumab and placebo groups (RR=1.21; 95%
CI [1.00, 1.46]) (Table 3).

As one of the serious adverse events, serious infection was
reported in 5 RCTs.?>3%3273* There was no statistically sig-
nificant difference on comparing vedolizumab with placebo
groups (RR=1.17; 95% CI [0.51, 2.69]) (Table 3).

Nasopharynagitis

All of the included RCTs**~** reported the adverse event
of nasopharyngitis during the follow-up period. According to
the overall analysis, a statistically significant difference existed
between vedolizumab and placebo groups (RR = 1.42; 95% CI
[1.09, 1.83]). However, there was no significant difference for
UC patients in the subanalysis (Table 3).

Other Adverse Events

Other adverse events included PML, death, cancer,
abdominal pain, nausea, vomiting, headache, upper respiratory
tract infection, arthralgia, pyrexia, and fatigue. There was no
statistically significant difference for any of these adverse
events on comparing vedolizumab with placebo groups
(Table 3). All of the adverse events in each included study
are shown in Table S1, http://links.lww.com/MD/A123.

Sensitivity Analysis

All of the outcomes were reanalyzed using a fixed effects
model to estimate the stability of this meta-analysis. Most of the
results were consistent with these described above, except for
serious adverse events in the CD subanalysis (RR =1.31; 95%
CI [1.04, 1.66]).

© 2014 Lippincott Williams & Wilkins
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Vedolizumab Placebo Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
1.1.1 Ulcerative colitis
Feagan et al, 2005 38 118 9 63 15.2% 2.25[1.17, 4.36] -
Feagan et al, 2013 38 225 8 149  12.3% 3.15[1.51, 6.55]
Parikh et al, 2013 11 19 2 4 6.0% 1.16 [0.40, 3.32] ~
Subtotal (95% Cl) 362 216 335%  2.23[1.35,3.68] N
Total events 87 19
Heterogeneity: 12 = 0.04; x?= 2.46, df= 2 (P=0.29); P=19%
Test for overall effect: Z=3.14 (P = 0.002)
1.1.2 Crohn disease
Feagan et al, 2008 43 127 12 58 21.1% 1.64 [0.94, 2.86] e
sandborn et al, 2013 32 220 10 148 14.3% 2.15[1.09, 4.24] -
sands et al, 2014 40 209 12 207  31.1% 1.58 [1.00, 2.51] -
Subtotal (95% CI) 556 413 665%  1.71[1.25,2.34] <o
Total events 115
Heterogeneity: 12 = 0.00; x? = 0.57, df= 2 (P = 0.75); P= 0%
Test for overall effect: Z= 3.34 (P = 0.0008)
Total (95% ClI) 918 629 100.0% 1.88[1.45, 2.43] ’
Total events 202 66
Heterogeneity: 12 = 0.00; 32 = 4.01, df=5 (P = 0.55); = 0% f f f f

0.2 0.5 1 2 5

Test for overall effect: Z=4.80 (P < 0.00001)
Test for subgroup differences: y>=0.77, df=1 (P =0.38); #= 0%

Favors placebo Favors vedolizumab

FIGURE 3. Meta-analysis result of clinical remission in induction therapy. Cl = confidence interval.

DISCUSSION

IBDs are chronic GI tract diseases characterized by an
exacerbated inflammatory cell infiltrate in the gut mucosal
tissue.>” Multiple inflammatory cell types participate in the
pathogenesis of IBD, of which lymphocytes play a central role
in the chronic inflammatory process.>” Lymphocytes migration
and adhesion to specific tissues are determined by the combi-
nation of receptors rather than a single receptor or adhesive

molecule.*® Data indicate that CCRY is required for T-cell
migration and localization in the small bowel, whereas o437
is required for T-cell migration and localization in the small
bowel and colon.*

Vedolizumab (previous versions were known as MLNO02,
LDP02, and MLNO0002), a gut-selective anti-inflammatory
biologic agent, targets the «a4f7 integrin exclusively and
antagonizes its interaction with mucosal addressin cell adhesion

Vedolizumab Placebo Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% ClI
1.2.1 Ulcerative colitis
Feagan et al, 2005 70 118 21 63 16.4% 1.78 [1.22, 2.60] —_—
Feagan et al, 2013 106 225 38 149 24.7% 1.85[1.36, 2.51] —a—
Subtotal (95% Cl) 343 212 41.1% 1.82[1.43,2.31] -
Total events 176 59
Heterogeneity: 72 = 0.00; x° = 0.02, df= 1 (P = 0.88); = 0%
Test for overall effect: Z=4.91 (P < 0.00001)
1.2.2 Crohn disease
Feagan et al, 2008 56 127 18 58 12.8% 1.42[0.92, 2.19]
sandborn et al, 2013 69 220 38 148 20.7% 1.22[0.87,1.71]
sands et al, 2014 82 209 47 207 25.4% 1.73[1.28, 2.34] _—
Subtotal (95% CI) 556 413 589%  1.46[1.18, 1.81] o
Total events 207 103
Heterogeneity: t° = 0.00; x? = 2.28, df =2 (P=0.32); P=12%
Test for overall effect: Z= 3.48 (P = 0.0005)
Total (95% Cl) 899 625 100.0%  1.60[1.37, 1.87] . 4
Total events 383 162
Heterogeneity: 2 = 0.00; 2= 4.15, df = 4 (P = 0.39); P = 4% f f ——

Test for overall effect: Z=5.91 (P < 0.00001)
Test for subgroup differences: %= 1.78, df =1 (P =0.18); = 43.7%

T T T
05 07 1 15 2
Favors placebo Favors vedolizumab

FIGURE 4. Meta-analysis result of clinical or CDAI-100 response in induction therapy. Cl = confidence interval, CDAI= Crohn Disease

Activity Index.

© 2014 Lippincott Williams & Wilkins

www.md-journal.com | 5



Wang et al

Medicine * Volume 93, Number 28, December 2014

TABLE 3. Efficacy and Safety of Vedolizumab Versus Placebo for IBD in the Systematic Review

Heterogeneity
Results P (%) P RR (95% CI) P
Efficacy
Clinical remission in maintenance therapy
Subanalysis for UC patients 0 0.32 2.51 (1.70,3.72) <0.001"
Subanalysis for CD patients NA NA 1.75 (1.25,2.44) 0.001"
Durable clinical remission in maintenance therapy
Subanalysis for UC patients NA NA 2.55 (1.38,4.70) 0.003"
Subanalysis for CD patients NA NA 1.15 (0.75,1.77) 0.51
Durable clinical or CDAI-100 response
Subanalysis for UC patients 0 0.65 2.22 (1.62,3.05) <0.001"
Subanalysis for CD patients NA NA 1.48 (1.13,1.94) 0.005"
Safety
Serious adverse event
Subanalysis for UC patients 0 0.51 1.01 (0.72,1.41) 0.97
Subanalysis for CD patients 69 0.04 1.11 (0.69,1.79) 0.66"
Serious infection
Subanalysis for UC patients 21 0.26 0.89 (0.24,3.24) 0.86
Subanalysis for CD patients 39 0.20 1.35 (0.35,5.19) 0.66
Nasopharyngitis
Subanalysis for UC patients 17 0.30 1.26 (0.80,1.98) 0.33
Subanalysis for CD patients 0 0.46 1.56 (1.08,2.25) 0.02"
Death 0 0.96 1.43 (0.24,8.71) 0.70
Any cancer 51 0.15 0.48 (0.05,4.55) 0.52
Abdominal pain 15 0.32 0.90 (0.67,1.23) 0.52
Nausea 0 0.47 1.18 (0.91,1.53) 0.21
Vomiting 0 0.39 0.89 (0.60,1.34) 0.59
Headache 33 0.19 1.02 (0.78,1.33) 0.90
Upper respiratory tract infection 42 0.16 1.05 (0.64,1.70) 0.86
Arthralgia 0 0.99 1.03 (0.80,1.32) 0.85
Pyrexia 0 0.47 0.93 (0.69,1.26) 0.65
Fatigue 0 0.65 1.26 (0.91,1.75) 0.17
Dizziness 44 0.17 1.37 (0.31,5.98) 0.68
Cough 0 0.98 1.26 (0.69,2.31) 0.45
Rash NA NA 1.33 (0.44,4.08) 0.61
Disease exacerbation 63 0.04 0.83 (0.54,1.27) 0.38

CD = Crohn disease, CDAI = CD Activity Index, CI = confidence interval, IBD = inflammatory bowel disease, NA = not applicable, RR =relative

risk, UC = ulcerative colitis.

" There was statistically significant difference on comparing vedolizumab with placebo.
" There was no statistically significant difference on comparing vedolizumab with placebo using a random effects model. However, different result
presented when a fixed effects model (RR=1.31; 95% CI [1.04, 1.66]) was used in the meta-analysis.

molecule-1 (MAACAM-1).2® The pharmacokinetics and phar-
macodynamics of vedolizumab were studied in healthy indi-
viduals and patients with UC or CD over a dose range of 2 to
10 mg/kg. Pharmacodynamic studies suggested that as soon as
the serum vedolizumab concentration decreased below the limit
of detection of the assay, a4p37 integrin\MAdCAM-1-mediated
trafficking was restored.* Previous studies demonstrated that
no further changes in these parameters occurred at dose levels
>2 mg/kg; thus, the saturation of a rapid elimination process
was at low concentrations.*’

Vedolizumab still shows benefit during induction and
maintenance therapy in this meta-analysis, although it failed
to meet the primary endpoints of GEMINI II and GEMINI III.
Vedolizumab could increase clinical response and clinical
remission for patients with active UC, as well as the CDAI-
100 response and clinical remission for patients with active CD
in both induction and maintenance therapy. Furthermore, Sands

6 | www.md-journal.com

et al** demonstrated that greater proportions of vedolizumab-
treated patients compared with placebo-treated patients were in
clinical remission at week 10 in the TNF antagonist failure
population. Outcomes in this meta-analysis are consistent with
those in the included studies with regard to UC; interestingly,
2 studies®®*? about CD showed that vedolizumab was not more
effective than placebo in inducing the CDAI-100 response.
PML is one of the main safety focuses for vedolizumab
use. As one of the selective adhesion molecule inhibitors,
natalizumab binds to the a4 subunit of both a4p1 and a4p7
integrins, and antagonizes their interaction with all known
ligands.'” It was approved in 2008 for the treatment of CD,?
but its large-scale use was limited because of PML.*** Over
the past 7 years, >3000 patients have been exposed to vedo-
lizumab, and no cases of PML have been observed.*® This can
be explained by the relative gut selectivity of vedolizumab in
antagonizing a4p7-MAdCAM-1 interactions.?®>*

© 2014 Lippincott Williams & Wilkins
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There is a concern that, compared with placebo in this
meta-analysis, vedolizumab is associated with a higher rate of
serious adverse events (21.7% vs 14.3%) for patients with CD.
This is similar to the result of Sandborn et al*? (24.4% vs
15.3%). Furthermore, nasopharyngitis occurs more frequently
with vedolizumab than with placebo (11.1% vs 6.2%) for CD
patients during the follow-up period. However, the fact that
vedolizumab is not associated with any adverse events for UC
patients is confusing. One hypothesis is that CD may represent a
more systemic disorder as it could affect any portion of the GI
system, from mouth to anus, and is characterized by transmural
inflammation, fistulas, and multiorgan involvement.'”

It is noteworthy that definitions of clinical response and
clinical remission are not all consistent among these included
studies (Table S2, http:/links.Iww.com/MD/A123), which may
affect the judgment of vedolizumab for patients with UC. Also,
most of the included RCTs report neither the specific details
regarding serious adverse events nor the medical care impact of
those complications. We can conclude from the small loss-to-
follow-up rate in the 6 RCTs that most of the adverse events are
acceptable. Rare adverse events can only be identified after
exposing a large number of patients during Phase IV studies.
Another deficiency is the limited number of RCTs, which may
partly impact the overall conclusion.

In conclusion, vedolizumab was more effective than
placebo as induction and maintenance therapy for IBD, with
an acceptable short-term safety profile and cure rate. However,
it is necessary to perform a reanalysis when more data
become available.
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