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Abstract

Background and Aims: Vedolizumab, a humanised monoclonal antibody for the treatment of
inflammatory bowel disease, selectively blocks gut lymphocyte trafficking. This may reduce the
risk of respiratory tract infections [RTls] compared with systemic immunosuppressive therapies.To
assess this possibility, we evaluated the rates of RTls in clinical trials of vedolizumab.

Methods: Patient-level data from Phase 3 randomised controlled trials [RCTs] of vedolizumab in
ulcerative colitis [UC; GEMINI 1] and Crohn’s disease [CD; GEMINI 2], and a long-term safety study
[UC and CD] were pooled. Cox proportional hazards models were used to estimate the incidence
of upper RTIs [URTIs] and lower RTIs [LRTIs] with adjustment for significant covariates.

Results: In the RCTs [n = 1731 patients], the incidence of URTIs was numerically higher in patients
receiving vedolizumab compared with those receiving placebo, although this difference was
not statistically significant (38.7 vs 33.0 patients per 100 patient-years; hazard ratio [HR] 1.12;
95% confidence interval [Cl]: 0.83-1.51; p = 0.463). The rate of LRTls, including pneumonia, was
numerically lower in the vedolizumab versus the placebo group: this difference was not statistically
significant (7.7 vs 8.5 per 100 patient-years [HR 0.85; 95% CI: 0.48-1.52; p = 0.585]). Both URTIs and
LRTIs were more frequent in patients with CD compared with UC. Most RTls in patients receiving
vedolizumab were not serious and did not require treatment discontinuation.

Conclusions: Vedolizumab therapy was not associated with an increased incidence of respiratory
tract infection compared with placebo.

Key Words: o437 integrin; adverse event; clinical trials; bronchopneumonia; Crohn’s disease; GEMINI 1; GEMINI 2; gut lymphocyte
trafficking; hospitalization; humanised monoclonal antibody; induction therapy; inflammatory bowel disease; lower respiratory
tract infection; long-term safety; maintenance therapy; nasopharyngitis; placebo; pneumonia; post hoc analysis; respiratory tract
infection; smoking status; systemic immunosuppressive therapy; tumour necrosis factor antagonist; ulcerative colitis; upper
respiratory tract infectionl; vedolizumab
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1. Introduction

Tumour necrosis factor [TNF] antagonists have revolutionised the
treatment of inflammatory bowel disease [IBD]. Although these
drugs are considered relatively safe, the increased risk of serious
infection remains an important concern.'** Upper respiratory tract
infections [URTIs] are among the most common adverse events [AEs]
reported in randomised controlled trials of TNF antagonists,’* and
an increased incidence of URTIs in comparison with placebo has
been consistently observed in these studies.”*!°

Patients with IBD have an increased risk of pneumonia which is fur-
ther intensified by TNF antagonist therapy.! In a retrospective cohort
study, the risk of developing pneumonia was approximately 50%
higher for patients with IBD [z = 108 604] than for the general popu-
lation (7 = 434416; hazard ratio [HR] 1.54; 95% confidence interval
[CI]: 1.49-1.60), and among those with IBD, TNF antagonist therapy
was independently associated with pneumonia (odds ratio [OR] 1.28;
95% CI: 1.08-1.52).!* In a US hospitalisation database, 27.5% of all
Crohn’s disease [CD]- or ulcerative colitis [UC]-related hospitalisations
were attributable to infection.'”” These patients had excess mortality
risks compared with patients without infection-related hospitalisations,
which varied depending on the infection type; pneumonia had one of the
highest excess mortality risks compared with patients without infection-
related hospitalisation [OR 3.65 95% CI: 2.9-4.5]. An analysis of the
TREAT™ registry, which evaluated 6273 patients with CD over a mean
follow-up of 5.2 years, found that infliximab therapy was independ-
ently associated with an increased risk of serious infection (2.06 events
per 100 patient-years [HR 1.43; 95% CI: 1.11-1.84; p = 0.006]).° The
most common serious infection was pneumonia, with an incidence
of 0.24 cases per 100 patient-years of follow-up in infliximab-treated
patients compared with a rate of 0.14 cases per 100 patient-years of
follow-up for those on treatments other than infliximab.? Similarly, in
the ENCORE registry, which followed 1541 infliximab-treated patients
with CD for up to 5 years, infliximab therapy was independently asso-
ciated with an increased risk of serious infection [HR 1.64; 95% CI:
1.17-2.31], and the most common AEs were abscess and pneumonia.'®

Vedolizumab, a humanised monoclonal antibody that binds to
the o,f, integrin and selectively blocks lymphocyte trafficking to the
gut,'!5 has been shown to be an effective induction and maintenance
therapy for both UC and CD.'*!” Unlike thiopurines, methotrexate,
and TNF antagonists, the gut-selective mechanism of action of vedoli-
zumab'® does not result in systemic immunosuppression.'* Although
a previous evaluation of the safety of vedolizumab did not identify
an increased risk of respiratory tract infection [RTI],'® the estimates
used in that study were based on simple incidence rates and were not
adjusted for important covariates such as smoking status and age.
Given the previously described increase in risk associated with TNF
antagonists, it is important to accurately estimate the incidence of RTIs
in patients treated with vedolizumab. We used an integrated dataset
derived from placebo-controlled trials to obtain such estimates.

2. Materials and Methods

2.1. Data sources: GEMINI 1 and 2 studies and the
GEMINI open-label extension

Data from two Phase 3, randomised, placebo-controlled clinical trials
of vedolizumab, GEMINI 1 [UC] and GEMINI 2 [CD], were analysed
for rates of URTIs and LRTIs. GEMINI 1 and 2 evaluated the efficacy
and safety of vedolizumab 300 mg or placebo as induction and main-
tenance therapy for up to 52 weeks. The study designs and outcomes
of these trials have been described previously.'®!” In this analysis, the

vedolizumab study population [ = 1434] included all patients who
were responders to vedolizumab induction therapy and were subse-
quently randomised to vedolizumab maintenance therapy [every 4 or
8 weeks] at Week 6, and also those who received induction therapy
with vedolizumab, did not achieve clinical response at Week 6, and
were then assigned to vedolizumab every 4 weeks for the mainten-
ance phase. The placebo population [7 = 297] comprised patients
who received placebo during the induction phase and were subse-
quently assigned to continue placebo during the maintenance phase.

To evaluate the incidence of RTI beyond 52 weeks of treatment with
vedolizumab, we also included data from the GEMINI long-term safety
[LTS] trial, which evaluated the safety of vedolizumab 300 mg adminis-
tered every 4 weeks in adult patients: ‘rollover’ patients from GEMINI 1
[n=675],' GEMINI 2 [n = 726],"” GEMINI 3 [# = 384]," and a Phase
2 extension study [7 = 37]*; as well as a population of patients [7 = 421]
who were naive to vedolizumab treatment [de novo patients]. Data have
previously been reported from the GEMINI LTS trial, also referred to as
the long-term safety [LTS] study, for the period May 22, 2009 to June
27,2013.2'22 Follow-up in the study continues and data reported here
are from an interim analysis of the data up to May 19, 2015; at this
time, 2243 patients had been enrolled [1349 with CD and 894 with
UC], constituting 5430 patient-years of follow-up with a median of
981 days’ total exposure to vedolizumab [range 1-2677 days].? Data
from the safety population [all patients who received at least one dose
of vedolizumab in the GEMINI LTS trial] were analysed. Inclusion and
exclusion criteria were as previously reported.??

2.2. Data abstraction and statistical analysis of
outcomes

Based on the Medical Dictionary for Regulatory Activities [MedDRA;
version 14.0] high-level terms [HLTs] ‘upper respiratory tract infec-
tion” and ‘lower respiratory tract and lung infection’, the incidence
of AEs, serious AEs [SAEs], and AEs leading to discontinuation were
analysed for each of the GEMINI studies [Supplementary Table 1,
available as Supplementary data at ECCO-JCC online]. SAEs were
defined as those occurring at any dose, regardless of causality, which:
were life-threatening or resulted in death; required inpatient hospital-
ization; resulted in persistent or significant disability/incapacity, con-
genital anomaly or birth defect; jeopardised the patient and required
medical or surgical intervention to prevent any of the above; or
involved suspected transmission of an infectious agent. For this ana-
lysis, ‘LRTI" is used as an abbreviation for the MedDRA HLT ‘lower
respiratory tract and lung infection’, and ‘events’ refers to AEs. Data
for the maintenance phase only were analysed for GEMINI 1 and
2, as well as the LTS trial [including exposure from previous trials].
Exposure-adjusted incidence rates per 100 patient-years were calcu-
lated for the incidence of patients with any AE or SAE within the
HLTs, as well as for each individual MedDRA preferred term within
these. LRTI AEs were analysed by duration of vedolizumab exposure,
for the GEMINI LTS trial to evaluate trends over time. The times to
first URTI and LRTI event for the GEMINI 1, 2, and LTS trials were
also evaluated.

Multivariate logistic regression and Cox proportional hazards
modelling were used to identify predictors for the occurrence of any
RTI, any URTI, or any LRTI in the individual and pooled GEMINI
1 and GEMINI 2 studies. Predictors assessed were: age; sex; disease
duration; previous TNF antagonist use; baseline disease activity; con-
comitant use of narcotics, corticosteroids, or immunosuppressives;
smoking history; and occurrence of surgery during the study. Both
unadjusted and adjusted models were evaluated.
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3. Results with UC and CD, respectively, in GEMINI LTS [including exposure
from previous studies].

3.1. Baseline characteristics

Demographics and baseline characteristics are summarised in Table 1. 3.2. Respiratory tract infections in GEMINI 1 and 2

The mean [standard deviation] exposure to study drug was 228 [132] 3.2.1. Overall respiratory tract infections

days for vedolizumab and 154 [119] days for placebo in GEMINI 1 No statistically significant differences in time to first lower/upper RTI

[UC], 203 [136] days for vedolizumab and 172 [129] days for placebo were observed between patients assigned to vedolizumab therapy and

in GEMINI 2 [CD], and 1046 [688] and 915 [656] days for patients those who received placebo [Figure 1A; HR 1.22, log-rank p = 0.162].
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Figure 1. Time to first respiratory tract infection [A], upper respiratory tract infection [B], and lower respiratory tract infection [C]. Kaplan-Meier curves of the time to
first respiratory tract infection, upper respiratory tract infection, or lower respiratory tract infection for the placebo and vedolizumab safety populations in the GEMINI
1 and 2 studies combined. Lower respiratory tract infection includes the MedDRA high-level term ‘lower respiratory tract and lung infection’. VDZ, vedolizumab.
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3.2.2. Upper respiratory tract infection

No statistically significant differences in time to first URTI were
observed between patients assigned to vedolizumab therapy
and those who received placebo [Figure 1B; HR 1.23, log-rank
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p = 0.173]. Unadjusted multivariable logistic regression analy-
ses identified previous TNF antagonist use [HR 1.50; 95% CI:
1.20-1.88; p < 0.001], smoking [current smokers, HR 1.35; 95%
CI: 1.04-1.75; p = 0.023], and concomitant narcotic use [HR

[ Vedolizumab | M Vedolizumab: UC

M Placebo B Vedolizumab: CD
B Vedolizumab: Total
45.9
(41.1—50.5)39 3
(28.6-49.7)
(22.6-28.4) (25.4-29.3)
28.7
(26.0-31.3)

1
|
|
|
|
|
|
|
|
|
!
|
| 25.6 274
|
|
|
|
|
|
|
|
|
|
|

Pooled GEMINI 1
and GEMINI 2

GEMINI LTS:
all vedolizumab-treated

[ Vedolizumab | M Vedolizumab: UC

1
|
B Placebo : B Vedolizumab: CD
I W Vedolizumab: Total
I
|
|
|
|
38.7 :
(34.4-43.0) 33 0 |
(23.4-42.5) I 223 235

| (19.7-24.9) (21.7-25.2)
| 24.3
| (22.0-26.6)
|
|
|
|
|
|
|

Pooled GEMINI 1
and GEMINI 2

GEMINI LTS:
all vedolizumab-treated

M Vedolizumab | M Vedolizumab: UC

1
|
B Placebo : B Vedolizumab: CD
| W Vedolizumab: Total
I
|
|
|
|
|
|
|
|
|
|
|
7.7 | 41
. 5.0
(6.0-9.5) 8.5 : (3.3-5.0) (4.4-5.7)
(4.0-12.9) 5.7
: (4.8-6.6)
|
Al | e
Pooled GEMINI 1 GEMINI LTS:

and GEMINI 2 all vedolizumab-treated

Figure 2. Exposure-adjusted incidence rate per 100 patient-years of upper and lower respiratory tract infections [A], upper respiratory tract infection [B], and
lower respiratory tract infection [C] in GEMINI 1, GEMINI 2, and GEMINI LTS trials. Lower respiratory tract infection includes the MedDRA high-level term ‘lower
respiratory tract and lung infection’. CD, Crohn'’s disease; IR, exposure-adjusted incidence rate per 100 patient-years ([number of patients experiencing an
adverse event of interest/total patient exposure time in years] x 100); LTS, long-term safety; UC, ulcerative colitis.
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Table 2. Continued

GEMINI LTS: all vedolizumab-treated patients?

Pooled GEMINI 1 and GEMINI 2

GEMINI 2: CD

GEMINI 1: UC

Category

Total

CD
[N

Placebo ucC

Vedolizumab
[n = 1434]

Placebo
TPY

Vedolizumab
[n = 814]

Vedolizumab Placebo
TPY

[ = 620]

Safety population

2243]

[ = 1349]

TPY

[ = 894]

TPY

[ =297

[n=148

TPY

[ = 149]

TPY

=5430.3

TPY

3145.0

2285.4

=171.3

TPY

1058.2

90.1

586.2

81.2

=471.9

TPY

IR®
[95% CI]

n[%]

IR®
[95% CI]

n[%]

IR®
195% CI

n[%]

IR®
[95% CI]

n[%]

IR®
[95% CI]

n[%]

IR®
[95% CI]

n[%]

IR®
[95% CI]

n[%]

IR®
[95% CI]

n[%]

IR®
[95% CI]

n[%]

0.1

0.2

0

Lung infection

[0.0-0.3]

[<0.1]

[0.0-0.5]

[0.1]

0.6

1.1

Bronchopneumonia 0

[0.0-1.7]

[0.3]

[0.0-3.3]

[0.7]

Except where otherwise noted, LRTI is defined according to the MedDRA high-level term ‘lower respiratory tract and lung infection’. Patients with one or more adverse events within a level of the MedDRA term are

counted only once in that level.

CD, Crohn’s disease; CI, confidence interval; IR, incidence rate; LRTI, lower respiratory tract infection; MedDRA, Medical Dictionary for Regulatory Activities; LTS, long-term safety; TPY, total number of patient-years

"IR, exposure-adjusted incidence rate per 100 patient-years ([number of patients experiencing an adverse event of interest/total patient exposure time in years] x 100).

of exposure; UC, ulcerative colitis; URTI, upper respiratory tract infection.
aInterim data cut-off: May 19, 2015.

1.30; 95% CI: 1.04-1.64; p = 0.022] as significant risk factors
for the development of a URTI in the pooled GEMINI 1 and 2
population. After adjustment for level of disease activity, these
risk factors were still significant: previous TNF antagonist use
[HR 1.53; 95% CI: 1.20-1.95; p = 0.0007]; smoking [current
smokers, HR 1.35; 95% CI: 1.03-1.78; p = 0.0316]; and con-
comitant narcotic use [HR 1.28; 95% CI: 1.00-1.63; p = 0.046].

The exposure-adjusted incidence rate of URTIs was numerically
lower among patients who received placebo compared with those
who received vedolizumab, although the difference was small and
not statistically significant [38.7 vs 33.0 patients per 100 patient-
years [HR 1.12; 95% CI: 0.83-1.51; p = 0.463]; Figure 2 and
Supplementary Table 2, available as Supplementary data at ECCO-
JCC online]. Two patients who received vedolizumab had a ser-
ious URTI and one patient discontinued treatment due to laryngitis
[Supplementary Table 2]. No patients receiving placebo had a ser-
ious URTI or discontinued therapy due to a URTI [Supplementary
Table 2]. No deaths from URTIs occurred in either group.

The most frequently reported URTL, nasopharyngitis, occurred at
a higher rate in the vedolizumab group than in patients who received
placebo [18.6 vs 12.8 patients per 100 patient-years in the pooled
GEMINI 1 and 2 populations; Table 2]. URTI was the next most
common URTI [MedDRA preferred term] and the incidence rate
was similar for vedolizumab-treated and placebo-receiving patients
[10.5 vs 11.6 patients per 100 patient-years].

3.3.3. Lower respiratory tract infection

No statistically significant differences in time to first LRTI were observed
between patients assigned to vedolizumab therapy and those who
received placebo [Figure 1C; HR 0.95, log-rank p = 0.851]. In unadjusted
multivariable logistic regression analyses, previous TNF antagonist use
[HR 2.20; 95% CI: 1.10-4.41; p = 0.027] and female sex [HR 2.11;
95% CI: 1.07-4.14; p = 0.030] were associated with LRTI in patients
with UC, whereas in the CD population, current smoker status alone
was associated with the occurrence of LRTI [HR 2.37; 95% CI: 1.26—
4.45; p = 0.008; Table 3]. A higher proportion of patients with CD were
current smokers compared with those with UC [29.2% of females and
22.3% of males in GEMINI 2; 4.2% of females and 7.5% of males in
GEMINI 1]. Vedolizumab therapy, age, disease duration, baseline disease
activity, or concomitant narcotic, corticosteroid, and immunosuppressive
use were not associated with a significantly greater risk of LRTI. After
adjustment for disease activity, none of the evaluated risk factors were
significant predictors of LRTI in patients with UC [Table 4]. However,
smoking [current smokers, HR 3.43; 95% CI: 1.67-7.04; p = 0.0008]
remained a significant predictor of LRTI in patients with CD.

The exposure-adjusted incidence rate of LRTIs was numerically
lower for vedolizumab-treated patients than for placebo recipients
in the pooled GEMINI 1 and GEMINI 2 analysis, although this dif-
ference was not statistically significant (7.7 vs 8.5 patients per 100
patient-years [HR 0.85; 95% CI: 0.48-1.52; p = 0.585]; Figure 2
and Supplementary Table 2). The rate [95% CI] of serious LRTIs
was low in both vedolizumab and placebo groups (0.5 [0.1-0.9]
and 0.6 [0.0-1.7] patients per 100 patient-years, respectively;
Supplementary Table 2). There were two LRTI-related discontinu-
ations in the vedolizumab group [bronchitis and pneumonia, both
in patients with CD] compared with none in the placebo group
[Supplementary Table 2]. There was one LRTI-related death, which
occurred in a patient receiving placebo who died from bronchopneu-
monia. Patients with UC who received treatment with vedolizumab
had a statistically non-significant lower rate of LRTIs compared
with those receiving placebo (6.8 vs 9.0 per 100 patient-years [HR


http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
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Table 3. Selected respiratory tract infection treatment emergent adverse events in the pooled GEMINI 1 and GEMINI 2 studies by preferred

terms, time-adjusted rates [safety population].

Vedolizumab Q8 Wks
[ =276]
[TPY = 220.7]

Vedolizumab Q4 Wks
[n=1158]
[TPY = 837.5]

Total no. of Time-adjusted Incidence 95% CI

Total no. of Time-adjusted Incidence 95% CI

subjects patient-years  rate subjects patient-years  rate
Upper respiratory tract infections
URTITEAEs 70 184.3 37.98 [28.75-47.21] 269 691.9 38.88 [34.05-43.71]
Nasopharyngitis 42 201.4 20.8 [14.41-27.30] 138 764.1 18.06 [15.00-21.12]
Upper respiratory tract 19 210.1 9.04 [4.923-13.164] 87 795.5 10.94 [8.610-13.261]
infection
Sinusitis 7 216.9 3.23 [0.830-5.625] 37 817.8 4.52 [3.063-5.986]
Pharyngitis 4 218.7 1.83 [0.040-3.618] 20 826.7 2.42 [1.357-3.482]
Rhinitis 2 219.8 0.91 [0.000-2.170] 11 831.5 1.32 [0.539-2.107]
Tonsillitis 0 220.7 0.00 [0.000-0.000] 5 835.6 0.60 [0.074-1.123]
Laryngitis 0 220.7 0.00 [0.000-0.000] 3 835.4 0.36 [0.000-0.766]
Tracheitis 0 220.7 0.00 [0.000-0.000] 3 835.3 0.36 [0.000-0.766]
Acute tonsillitis 0 220.7 0.00 [0.000-0.000] 2 836.2 0.24 [0.000-0.571]
Chronic sinusitis 0 220.7 0.00 [0.000-0.000] 2 836.4 0.24 [0.000-0.571]
Acute sinusitis 1 220.0 0.45 [0.000-1.346] 1 836.7 0.12 [0.000-0.354]
Tracheobronchitis 1 219.7 0.46 [0.000-1.349] 0 837.5 0.00 [0.000-0.000]
URTI SAEs 0 220.7 0.00 [0.000-0.000] 2 836.6 0.24 [0.000-0.570]
Acute sinusitis 0 220.7 0.00 [0.000-0.000] 1 836.7 0.12 [0.000-0.354]
Sinusitis 0 220.7 0.00 [0.000-0.000] 1 836.7 0.12 [0.000-0.354]
Tonsillitis 0 220.7 0.00 [0.000-0.000] 1 837.4 0.12 [0.000-0.353]
Lower respiratory tract infections
LRTI TEAEs 14 215.0 6.51 [3.057-9.965] 65 806.8 8.06 [6.091-10.023]
Bronchitis 12 215.6 5.57 [2.381-8.751] 45 814.8 5.52 [3.902-7.144]
Lower respiratory tract 1 220.3 0.45 [0.000-1.344] 9 832.8 1.08 [0.375-1.786]
infection
Pneumonia 2 220.1 0.91 [0.000-2.172] 9 834.5 1.08 [0.374-1.783]
Bronchopneumonia 0 220.7 0.00 [0.000-0.000] 1 837.1 0.12 [0.000-0.354]
Lung infection 0 220.7 0.00 [0.000-0.000] 1 837.4 0.12 [0.000-0.354]
Pneumonia primary 0 220.7 0.00 [0.000-0.000] 1 837.2 0.12 [0.000-0.354]
atypical
LRTI SAEs 2 219.4 0.91 [0.000-2.176] 3 837.0 0.36 [0.000-0.764]
Pneumonia 0 220.7 0.00 [0.000-0.000] 2 837.1 0.24 [0.000-0.570]
Lung infection 0 220.7 0.00 [0.000-0.000] 1 837.4 0.12 [0.000-0.354]
Bronchitis 1 219.8 0.45 [0.000-1.348] 0 837.5 0.00 [0.000-0.000]
Lower respiratory tract 1 220.3 0.45 [0.000-1.344] 0 837.5 0.00 [0.000-0.000]
infection

CI, confidence interval; LRTI, lower respiratory tract infection; SAE, serious adverse event; TEAE, treatment emergent adverse event; TPY, total number of

patient-years of exposure; URTI, upper respiratory tract infection, WKs, weeks.

0.725 95% CI: 0.31-1.69; p = 0.452]; Figure 2 and Table 3). For
patients with CD, the corresponding rates were 8.5 and 8.0 per 100
patient-years for the vedolizumab and placebo groups, respectively
[HR 0.94; 95% CI: 0.42-2.10; p = 0. 872; Table 3]. Bronchitis was
the most frequently reported LRTI in both the vedolizumab and
the placebo groups in the GEMINI 1 and 2 populations. The rate
was similar for the vedolizumab and placebo groups in the pooled
GEMINI 1 and 2 data analysis (5.5 vs 6.0 patients per 100 patient-
years [HR 0.84; 95% CI: 0.42-1.66; p = 0.607]; Table 2). Overall
the incidence rates [95% CI] of pneumonia, bronchopneumonia,
and primary atypical pneumonia were similar with vedolizumab
therapy compared with placebo (1.0 [0.4-1.7] vs 1.2 [0.0-2.8], 0.1
[0.0-0.3] vs 0.6 [0.0-1.7], and 0.1 [0.0-0.3] vs O patients per 100
patient-years, respectively; Table 2). Two of these events in the ved-
olizumab group were serious, both in patients with CD. The fatal
event of bronchopneumonia in a patient with CD was the only ser-
ious event in the placebo group.

3.3.4. Respiratory tract infections based on frequency of
vedolizumab maintenance therapy

No statistically significant differences were observed between patients
assigned to vedolizumab maintenance therapy every 4 weeks vs every
8 weeks in time to first RTI [Figure 3A; HR 0.98, log-rank p = 0.864],
time to first URTI [Figure 3B; HR 0.98, log-rank p = 0.902] or time to
first LRTI [Figure 3C; HR 1.20, log-rank p = 0.531]. Similarly, no sig-
nificant between-group differences were found in exposure-adjusted
incidence rates of RTI, URTI, or LRTI [Figure 4].

Two patients who received vedolizumab maintenance therapy
every 4 weeks had a serious URTI and one patient discontinued
treatment due to a serious URTI [Supplementary Table 3, avail-
able as Supplementary data at ECCO-JCC online]. No patients
receiving vedolizumab maintenance therapy every 8 weeks had a
serious URTI and no patients discontinued therapy due to a ser-
ious URTI [Supplementary Table 3]. Three patients who received
vedolizumab maintenance therapy every 4 weeks had a serious


http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
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Figure 3. Time to first respiratory tract infection [A], upper respiratory tract infection [B], and lower respiratory tract infection [C]. Kaplan-Meier curves of the
time to first respiratory tract infection, upper respiratory tract infection, or lower respiratory tract infection for the combined GEMINI 1 and 2 study vedolizumab
4-week and 8-week maintenance therapy safety populations. Lower respiratory tract infection includes the MedDRA high-level term ‘lower respiratory tract and
lung infection’. VDZ, vedolizumab.

LRTI and one patient discontinued treatment due to serious LRTI The most frequently reported URTI, nasopharyngitis, occurred
[Supplementary Table 3]. Finally, two patients receiving vedoli- at a slightly lower rate in the vedolizumab 4-week group than
zumab maintenance therapy every 8 weeks had a serious LRTI in the vedolizumab 8-week group [18.1 vs 20.8 patients per 100

and no patients discontinued therapy due to a serious LRTI patient-years in the pooled GEMINI 1 and 2 populations; Table 3].
[Supplementary Table 3]. Upper respiratory tract infection was the next most common URTI


http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjy047#supplementary-data
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A
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Figure 4. Exposure-adjusted incidence rate per 100 patient-years of respiratory tract infections [A], upper respiratory tract infection [B], and lower respiratory
tract infection [C] in GEMINI 1, GEMINI 2, and combined GEMINI 1 and GEMINI 2 safety populations. Patients received vedolizumab every 4 weeks or every 8
weeks as maintenance therapy. Lower respiratory tract infection includes the MedDRA high-level term ‘lower respiratory tract and lung infection’. CD, Crohn’s
disease; IR, exposure-adjusted incidence rate per 100 patient-years ([number of patients experiencing an adverse event of interest/total patient exposure time
in years] x 100); LTS, long-term safety; UC, ulcerative colitis.

[MedDRA preferred term] and the incidence rate was similar in the
vedolizumab 4-week and vedolizumab 8-week treatment groups
[10.9 vs 9.0 patients per 100 patient-years]. Bronchitis was the
most frequently reported LRTI in both the vedolizumab 4-week

and vedolizumab 8-week treatment groups in the GEMINI 1 and
2 studies. The rate of bronchitis was similar for both groups in
the pooled GEMINI 1 and 2 data analysis [5.52 vs 5.57 patients
per 100 patient-years; Table 3]. Overall the incidence rates [95%



916

B. G. Feagan et al.

Table 4. Predictors of lower respiratory tract infections in GEMINI 1 and 2.2

Variable All patients Patients with AE Adjusted results
HR [95% CI] p-Value

UC population [GEMINI 1] n="769 n=38

Age, mean [SD] years 40.3 [13.0] 42.5 [13.3] 1.00 [0.98-1.03] 0.770
Female sex, 7 [%] 313 [40.7] 22 [57.9] 2.11 [1.07-4.14] 0.030
Disease duration >7 years, 72 [ %] 267 [34.7] 18 [47.4] 1.49[0.77-2.88] 0.242
Previous TNF antagonist therapy, 7 [%] 384 [49.9] 25 [65.8] 2.20 [1.10-4.41] 0.027
Baseline disease activity, mean [SD] complete Mayo score 6.1[1.6] 5.8 [1.6] 0.97 [0.79-1.18] 0.733
Concomitant narcotic use, 7 [%] 148 [19.2] 8.0 [21.1] 0.82[0.37-1.83] 0.628
Concomitant corticosteroid use, 72 [ %] 409 [53.2] 19 [50.0] 0.76 [0.40-1.46] 0.415
Concomitant immunomodulator use, 7 [%] 257 [33.4] 16 [42.1] 1.51 [0.79-2.91] 0.217
Current smoker, 7 [%]" 47 [6.1] 1.0 [2.6] 0.61 [0.08-4.63] 0.635
Former smoker, 7 [%]® 254 [33.0] 18 [47.4] 2.01 [0.99-4.07] 0.053
In-study surgery, 7 [ %] 64 [8.3] 4.0 [10.5] 1.11 [0.25-4.92] 0.896
Vedolizumab treatment, 7 [ %] 620 [80.6] 31 [81.6] 0.72 [0.31-1.69] 0.452
CD population [GEMINI 2] n =962 n=>55

Age, mean [SD] years 35.9 [12.14] 37.1[12.19] 0.99 [0.97-1.02] 0.603
Female sex, 72 [%] 514 [53.4] 37167.3] 1.64[0.92-2.92] 0.093
Disease duration >7 years, 7 [ %] 483 [50.2] 34 [61.8] 1.35[0.75-2.43] 0.324
Previous TNF antagonist therapy, 7 [%] 607 [63.1] 40 [72.7] 1.41[0.73-2.72] 0.303
Baseline disease activity, mean [SD] score 11.2 [3.8] 12.0 [3.7] 1.05 [0.98-1.13] 0.136
Concomitant narcotic use, 7 [ %] 315 [32.7] 20 [36.4] 0.85 [0.47-1.54] 0.597
Concomitant corticosteroid use, 72 [%] 488 [50.7] 4 [43.6] 0.83 [0.49-1.42] 0.493
Concomitant immunomodulator use, 7 [%] 321 [33.4] 3[23.6] 0.67 [0.36-1.27] 0.225
Current smoker, 7 [%]" 250 [26.0] 4 [43.6] 2.37 [1.26-4.45] 0.008
Former smoker, 7 [%]" 219 [22.8] 3[23.6] 1.51[0.73-3.15] 0.271
In-study surgery, 7 [%] 139 [14.4] 0]18.2] 2.03 [0.83-4.95] 0.119
Vedolizumab treatment, 7 [%] 814 [84.6] 8[87.3] 0.94 [0.42-2.10] 0.872
Combined UC and CD population [GEMINI 1 and 2] n=1731 n=93

Age, mean [SD] years 37.9[12.7] 39.3[12.8] 1.00 [0.98-1.02] 0.994
Female sex, 7 [%] 827 [47.8] 59 [63.4] 1.84[1.19-2.83] 0.006
Disease duration >7 years, 7 [%)] 750 [43.3] 52 [55.9] 1.35[0.88-2.09] 0.173
Previous TNF antagonist therapy, 7 [%] 991 [57.3] 65 [69.9] 1.70 [1.06-2.73] 0.028
Baseline disease activity, mean [SD] score* 5.8 (1.7] 5.9 (1.7] 1.07 [0.95-1.22] 0.278
Concomitant narcotic use, 7 [%)] 463 [26.7] 28 [30.1] 0.87[0.55-1.39] 0.565
Concomitant corticosteroid use, 7 [%] 897 [51.8] 43 [46.2] 0.83 [0.55-1.25] 0.382
Concomitant immunomodulator use, 7 [ %] 578 [33.4] 29 [31.2] 0.96 [0.62-1.50] 0.862
Current smoker, 7 [%]" 297 [17.2] 25126.9] 1.97 [1.17-3.31] 0.011
Former smoker, 7 [%]" 473 [27.3] 31 [33.3] 1.74 [1.06-2.87] 0.029
In-study surgery, 7 [ %] 203 [11.7] 14 [15.1] 1.65[0.78-3.49] 0.195
Vedolizumab treatment, 7 [%] 1434 [82.8] 79 [84.9] 0.85 [0.48-1.52] 0.585

LRTI is defined according to the MedDRA high-level term ‘lower respiratory tract and lung infection’.

AE, adverse event; CD, Crohn’s disease; CI, confidence interval; HBI, Harvey—Bradshaw Index; HR, hazard ratio, SD, standard deviation; TNF, tumour necro-

sis factor; UC, ulcerative colitis.
*Analysis based on Cox proportional hazards model.
bCurrent and former smoker estimates are relative to non-smokers.

Baseline disease activity scores based on partial Mayo Score for GEMINI 1 [UC], HBI score for GEMINI 2 [CD], and common index for pooled GEMINI 1
and 2. Common index ranged from 0 to 9 to allow the combination of baseline partial Mayo and HBI scores in the pooled analysis.

CIs] of pneumonia, bronchopneumonia, and primary atypical
pneumonia were similar with vedolizumab 4-week maintenance
therapy compared with vedolizumab 8-week maintenance therapy
(1.1 [0.4—1.8] vs 0.9 [0—2.2], 0.1 [0.0-0.4] vs 0, and 0.1 [0—0.4] vs
0 patients per 100 patient-years, respectively; Table 3). Two of the
pneumonia events in the vedolizumab 4-week group and one of the
bronchitis events in the vedolizumab 8-week group were serious.

3.4. Respiratory tract infections in the open-label
extension

In the GEMINI LTS trial, exposure-adjusted incidence rates for URTI
[95% CI] were numerically lower for vedolizumab-treated patients

with UC than for those with CD (22.3 [19.7-24.9] vs 24.3 [22.0-
26.7] events per 100 patient-years; Figure 2 and Supplementary
Table 2). Nasopharyngitis and URTI [MedDRA preferred term]
were the most frequent URTI events [Table 2].

There was no increase in the incidence rates [95% CI] of
LRTIs in the GEMINI LTS trial relative to those in the pooled
GEMINI 1 and 2 data analysis (5.0 [4.4-5.6] vs 7.7 [6.0-9.4]).
The incidence rates [95% CI| of pneumonia, bronchopneumo-
nia, primary atypical pneumonia, and lobar pneumonia in ved-
olizumab-treated patients were 0.9 [0.7-1.2], <0.1 [0.0-0.1],
<0.1 [0.0-0.1], and 0.1 [<0.1-0.2] events per 100 patient-years,
respectively [Table 2].
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Table 5. Incidence of respiratory tract infections by duration of vedolizumab exposure in the GEMINI LTS trial.?
MedDRA HLT and preferred term Duration of vedolizumab exposure, months®
Patients treated 0to <12 12 to <24 24 to <36 36 to <48 48 to <60 60 to <72
[n = 2243 [ = 1583] [ = 1270] [ =901] [n=412] [1 = 94]

n % n % n % n % n % n %
URTI AEs 556 24.8 361 22.8 271 21.3 168 18.6 48 11.7 9 9.6
Nasopharyngitis 310 13.8 188 11.9 135 10.6 83 9.2 22 5.3 6 6.4
URTI [preferred term] 157 7.0 102 6.4 84 6.6 54 6.0 16 3.9 2 2.1
Sinusitis 102 4.5 64 4.0 40 3.1 24 2.7 7 1.7 2 2.1
Pharyngitis 29 1.3 26 1.6 16 1.3 9 1.0 3 0.7 0 -
Rhinitis 14 0.6 11 0.7 7 0.6 6 0.7 0 - 0 -
Tonsillitis 10 0.4 11 0.7 4 0.3 2 0.2 0 - 0 -
Laryngitis 7 0.3 5 0.3 4 0.3 4 0.4 2 0.5 0 -
Tracheitis 1 <0.1 1 <0.1 0 - 1 0.1 0 - 0 -
Acute sinusitis 4 0.2 2 0.1 3 0.2 0 - 1 0.2 0 -
Acute tonsillitis 8 0.4 6 0.4 1 <0.1 0 - 1 0.2 0 -
Chronic sinusitis 4 0.2 1 <0.1 1 <0.1 0 - 1 0.2 0 -
Sinobronchitis 0 - 2 0.1 0 - 0 - 0 - 0 -
Tracheobronchitis 1 <0.1 0 - 0 - 0 - 0 - 0 -
Peritonsillar abscess 1 <0.1 0 - 0 - 0 - 0 - 0 -
Pharyngotonsilitis 1 <0.1 0 - 0 - 0 - 0 - 0 -
LRTI AEs 127 5.7 78 4.9 58 4.6 33 3.7 14 3.4 1 1.1
Bronchitis 80 3.6 53 33 37 2.9 30 33 12 2.9 1 1.1
Pneumonia 22 1.0 15 0.9 10 0.8 2 0.2 1 0.2 0 -
LRTI [preferred term] 27 1.2 13 0.8 9 0.7 1 0.1 1 0.2 0 -
Lobar pneumonia 2 <0.1 0 - 3 0.2 0 - 0 - 0 -
Bronchopneumonia 1 <0.1 0 - 0 - 0 - 0 - 0 -
Lung infection 0 - 1 <0.1 0 - 0 - 0 - 0 -
Primary atypical pneumonia 0 - 0 - 1 <0.1 0 - 0 - 0 -

Except where otherwise noted, LRTI is defined according to the MedDRA HLT ‘lower respiratory tract and lung infection’.

AE, adverse event; HLT, high-level term; LRTI, lower respiratory tract infection; LTS, long-term safety; MedDRA, Medical Dictionary for Regulatory

Activities; URTI, upper respiratory tract infection.
AInterim data cut-off’: May 19, 2015.

"Exposure was calculated as last assessment date first dose date + 1 day. Exposure includes exposure from previous vedolizumab studies.

In the GEMINI LTS trial, the proportion of patients with
reported respiratory infection declined over time: from 24.8% dur-
ing months 0-12 to 9.6% during months 60-72 for URTI events,
and from 5.7% during months 0-12 to 1.1% during months 60-72
for LRTI events [Table 5].

4. Discussion

Our results show that, in the GEMINI 1 and 2 studies, vedolizumab
therapy was not associated with significantly higher rates of RTIL
Most of the URTIs and LRTIs that occurred in patients receiving
vedolizumab were not serious and did not result in treatment discon-
tinuation. Multivariate Cox proportional hazards modelling showed
that, unlike smoking or previous exposure to TNF antagonist ther-
apy, vedolizumab therapy was not a risk factor for LRTI events, in
either UC or CD. Moreover, analysis of vedolizumab serum con-
centrations did not reveal any significant association or consistent
trends between vedolizumab quartile levels and RTIs, URTIs, or
LRTIs [unpublished data]. These results are consistent with a meta-
analysis of pooled data from six randomised placebo-controlled clin-
ical trials in patients with IBD, which found no significant differences
between vedolizumab and placebo in the risk of all serious infections
[relative risk 1.17; 95% CI: 0.51-2.69].2¢

Pneumonia is an event of particular interest, and rates were low
in these post hoc analyses, with most classified as non-serious. Of

the 11/1434 vedolizumab-treated patients in GEMINI 1 and 2 who
had pneumonia, the event was considered serious in two patients.
In the GEMINI LTS trial, of the 49/2243 patients who had pneu-
monia events [0.92 per 100 patient-years], 18 were considered to
have serious pneumonia [0.33 per 100 patient-years]. One patient
discontinued vedolizumab due to pneumonia. The data suggest that
long-term vedolizumab therapy does not have any progressive or
cumulative effect on susceptibility to pneumonia. These findings
are consistent with the gut-selective mechanism of action of vedoli-
zumab and lack of systemic immunosuppressive effects.'* The com-
parator group comprised patients who responded to placebo and
were subsequently maintained on placebo, suggesting a relatively
lower disease severity that would, if anything, bias the study toward
finding an increase in pneumonia risk with vedolizumab exposure.
This finding also provides greater confidence in the conclusion that
vedolizumab was not associated with a greater risk of pneumonia.
Although previous studies had suggested a potential increased risk of
URTI for vedolizumab, based on mucosal vascular addressin cell ad-
hesion molecule 1 [MAdCAM-1] expression in the oropharynx, our
results do not support a clinically relevant corollary of this finding.'

An increased risk of RTI is one limitation of TNF antagonist ther-
apy.>"""1* Due to their systemic immunosuppressive mode of action,
patients exposed to these agents have an increased risk of URTI and
LRTI, serious RTIs, and pneumonia-related mortality.>!"3 It is dif-
ficult to make an indirect comparison of the absolute rates of URTI
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and LRTI events observed in this analysis with those from pivotal
trials of TNF antagonists in IBD [Supplementary Table 4] for several
reasons. First, published reports provide only sparse details regard-
ing these events, and rates of occurrence are expressed as simple
proportions rather than exposure-adjusted rates. Second, publica-
tions often provide rates for common AEs only—typically those that
occurred in >5% of patients. Usually the incidence of LRTIs does not
meet this criterion. Consequently, little attention has been drawn to
the issue of RTIs in patients receiving TNF antagonists despite obser-
vations that LRTIs, and specifically pneumonia, are among the most
common serious infections associated with the use of these agents.>*

Risk factors associated with the occurrence of pneumonia include
smoking? and TNF antagonist therapy.>*”?* Consistent with this,
our analysis identified smoking status, previous use of TNF antago-
nists, and female sex as independent risk factors for LRTIL. In both
UC and CD, cigarette smoking was identified as a risk factor for both
URTI and LRTIL Although this finding requires little explanation,
it is concerning that the prevalence of cigarette smoking remains
high in patients with CD. A higher proportion of patients with CD
were current smokers compared with those with UC. In GEMINI
1 [UC], 4.2% of females and 7.5% of males were current smokers
compared with 29.2% of females and 22.3% of males in GEMINI
2 [CD]. Accordingly, measures to reduce the known risk factors for
RTI should be implemented, including referral to smoking cessation
programmes, administration of vaccines,* and judicious use of sys-
temic immunosuppression in these patients.’!

Both the pooled GEMINI 1 and 2 population and patients with
UC were more likely to have an LRTT if they had had previous TNF
antagonist exposure, despite implementation of a washout period
before randomisation'®!” [Table 3]. However, there is some evidence
to suggest that previous TNF antagonist therapy in patients with
rheumatoid arthritis is associated with serious infection,? and switch-
ing from a TNF antagonist to a treatment with an alternative mech-
anism of action may reduce the risks of infection.’> An explanation
for these observations is not readily apparent. However, patients with
previous TNF antagonist exposure may be at greater risk for RTIs
because of longer disease duration, slightly greater baseline disease
activity, and greater use of additional therapies such as corticosteroids,
compared with patients without previous exposure [Supplementary
Table 5, available as Supplementary data at ECCO-JCC online].

The GEMINI LTS trial provides insight into the risks of long-
term exposure to vedolizumab (5430 patient-years to interim
analysis date [May 19, 2015]). Rates of URTI and LRTI events
were generally lower than those in the GEMINI 1 and 2 studies,
and exhibited similar patterns. These lower rates may reflect the
improvement in general health in patients responding to long-
term vedolizumab therapy. The importance of accruing data
from a large number of patients with a long follow-up time,
thereby improving sensitivity to rare or delayed safety con-
cerns, should be balanced with the limitations of LTS studies,
such as lack of a reference arm. Ongoing registry evaluations,
such as the recently initiated ENTYVIO® Outcomes in Real-
world Bio-naive Ulcerative Colitis and Crohn’s Disease Patients
[EVOLVE], will provide insight on treatment patterns and out-
comes for patients.

In summary, this post hoc analysis of controlled trials and their
LTS study provides a comprehensive assessment of LRTIs and URTIs
in almost 6500 patient-years of exposure to vedolizumab for the
treatment of IBD. Vedolizumab therapy was not associated with an
increased incidence of LRTIs compared with placebo.
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