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Efficacy and safety of adalimumab in paediatric patients
with moderate-to-severe ulcerative colitis (ENVISION I):
a randomised, controlled, phase 3 study
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Mary Venetucci, Tricia Finney-Hayward, Yuri Sanchez Gonzalez, Mareike Bereswill, Andreas Lazar, Dan Turner

Summary
Background Biologic treatment options are limited for children with ulcerative colitis. The aim of this study was to
assess the safety and efficacy of adalimumab in children with moderate-to-severe ulcerative colitis.

Methods The double-blind ENVISION I study was done at 24 hospitals in ten countries. Children (4-17 years) with
moderate-to-severe ulcerative colitis despite stable doses of concurrent treatment with oral corticosteroids or
immunosuppressants were enrolled. Per the original study design, patients were randomly assigned with an
Interactive Voice Response System (IVRS) to receive either high-dose induction adalimumab (2-4 mg/kg [maximum
160 mg] at weeks 0 and 1) or standard-dose induction adalimumab (2-4 mg/kg at week 0 and placebo at week 1); both
groups received 1.2 mg/kg (maximum 80 mg) at week 2 and 0-6 mg/kg (maximum 40 mg) at weeks 4 and 6. Patients
with partial Mayo score (PMS) response at week 8 (defined as a decrease of two or more points and a decrease
of =30% from baseline in PMS) were randomly assigned (2:2:1)—using IVRS—to receive either high-dose
maintenance adalimumab (0-6 mg/kg weekly), standard-dose maintenance adalimumab (0-6 mg/kg every other
week), or placebo up to week 52 (random assignment to the placebo group was ceased mid-trial, as was randomisation
in the induction phase with all subsequent patients receiving open-label high-dose induction adalimumab). Coprimary
endpoints were the proportion of patients with PMS remission at week 8 (intent-to-treat [ITT]-E population, not
including those patients who were not randomised in the induction phase) and full Mayo score (FMS) remission at
week 52 in week 8 PMS responders (maintenance ITT-E [mITT-E] population), for which the pooled adalimumab
group (patients who received high-dose or standard-dose adalimumab) and the individual dose groups were compared
against external adult placebo rates. We report results of the final confirmatory analysis. This trial is registered with
ClinicalTrials.gov, NCT02065557.

Findings 93 children were recruited between Oct 13, 2014, and Sept 5, 2018, to the main study (77 [83%] were randomly
assigned [double-blind] to receive high-dose or standard-dose induction adalimumab; 16 [17%] received open-label
high-dose induction adalimumab after study design change). At week 8, 74 (80%) children who were PMS responders
continued to the maintenance period. 62 (84%) patients were randomly assigned to receive high-dose or standard-
dose maintenance adalimumab treatment; 12 (16%) patients received placebo. In patients in the ITT-E population
who were randomly assigned to receive high-dose induction adalimumab, a significantly higher proportion of patients
were in PMS remission at week 8 (28 [60%] of 47) compared with external placebo (19-8%; p=0-0001). 13 (43%) of
30 patients in the standard-dose induction adalimumab group were in PMS remission at week 8 versus an external
placebo rate of 19-8%, but this difference was not significant (p=0-38). Similarly, FMS remission at week 52 in
children who were week 8 PMS responders was reported in a significantly higher proportion of patients in mITT-E
population who received high-dose maintenance adalimumab (14 [45%] of 31 patients) versus external placebo at
week 52 (18-4%; p=0-0001). Nine (29%) of 31 patients in the standard-dose maintenance adalimumab group were in
FMS remission at week 52 versus an external placebo rate of 18-4%, but this difference was not significant (p=0-38).
Remission rates in the pooled adalimumab groups were significantly better compared with external placebo (PMS
remission at week 8: 41 [53%] of 77 patients; p<0-0001; FMS remission at week 52: 23 [37%] of 62 patients; p=0-0001).
21 (23%) of 93 patients in the main study had one or more treatment-emergent serious adverse events during any
adalimumab exposure. The most common adverse events were headache, anaemia, and ulcerative colitis flare during
the induction period and ulcerative colitis flare, headache, and nasopharyngitis during the maintenance period.

Interpretation Clinically meaningful rates of remission and response were reported in children who received
adalimumab in this study. No new safety signals were observed, suggesting that adalimumab is an efficacious and
safe treatment option for children with moderate-to-severe ulcerative colitis.
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Research in context

Evidence before this study

Before the initiation of the present study in 2014, clinical trials
in paediatric patients with moderate-to-severe ulcerative
colitis were scarce. The only relevant studies were an
open-label study of 60 children with moderate-to-severe
ulcerative colitis that evaluated efficacy and safety of the
tumour necrosis factor (TNF) inhibitor infliximab through

54 weeks, and a multicentre registry study of 52 children
receiving infliximab that evaluated clinical activity, colectomy
rate, and serious adverse events. We searched PubMed for
articles published from Jan 1, 2014, to Dec 22, 2020, using
search terms “ulcerative colitis (UC)" “pediatric/children”
“tumor necrosis factor (TNF)” and “biologic.” Of the

192 articles retrieved, we identified only one additional open-
label clinical study that investigated the use of TNF inhibitor
(golimumab) in children with moderate-to-severe ulcerative
colitis and 11 real-world or registry studies that reported data
for biologic use in paediatric patients with inflammatory bowel

Introduction

Ulcerative colitis is a chronic inflammatory bowel disease
that affects children and adults.” Previous studies have
reported that 8-25% of patients present with symptoms
before the age of 18 years, and the incidence is increasing
in children.*” The disease course tends to be more severe
in the paediatric population (<18 years old), with 82% of
paediatric-onset cases having extensive involvement
compared with 47% of adult-onset cases. Additionally,
paediatric-onset cases are associated with a higher need
for immunosuppressants.’

Additional age-related considerations exist when
treating children with ulcerative colitis—including
maintenance of growth potential, nutrition, and bone
mineral density—all of which are important in growing
children and some of which can be negatively affected by
prolonged corticosteroid use.’** Other important
considerations when treating children with ulcerative
colitis include dissatisfaction with body image, self-esteem
issues, and social interactions.”"

The chimeric tumour necrosis factor (ITNF) inhibitor
infliximab was the only biologic therapy approved for
paediatric ulcerative colitis before the approval of
adalimumab. Infliximab requires infusions given in
hospital or at home by health-care professionals. Because
of its immunogenicity, it is often given with an immuno-
modulator to reduce the risk of loss of response.”™® Thus,
an unmet therapeutic need exists.

Adalimumab is a subcutaneously and in-home
administered, fully human, monoclonal TNF inhibitor
approved for adult and—as of September, 2020—
paediatric, moderate-to-severe ulcerative colitis, adult
and paediatric Crohn’s disease, and other immune-
mediated inflammatory diseases.” The objective of the
phase 3 ENVISION I study was to assess efficacy by

disease, including ulcerative colitis. None of the studies
included an internal placebo group, and most of the studies
were small (4-76 patients with ulcerative colitis) and reported
limited efficacy and safety data.

Added value of this study

ENVISION I is the largest randomised, double-blind, phase 3
study of a biologic therapy in paediatric patients with ulcerative
colitis done to date. The findings of the study show that
adalimumab treatment was efficacious and well tolerated in
children with moderate-to-severe ulcerative colitis with
clinically meaningful rates of remission and response, including
corticosteroid-free remission and mucosal healing, observed up
to 52 weeks.

Implications of all the available evidence

On the basis of the available evidence, TNF inhibitors, such as
adalimumab, appear to be well tolerated and efficacious for the
treatment of children with moderate-to-severe ulcerative colitis.

showing the superiority of adalimumab over external
placebo and the safety of adalimumab in children with
moderate-to-severe ulcerative colitis.

Methods

Study design and participants

ENVISION I was designed as a double-blind, placebo-
controlled phase 3 trial. After a change to the study
design, an external placebo comparator was used. The
study included an 8-week induction period followed by a
44-week maintenance period. The study enrolled children
(aged 4-17 years) with moderate-to-severe ulcerative
colitis at 19 sites in Austria, Belgium, Canada, Spain, the
UK, Israel, Poland, Slovakia, and the USA (appendix p 2).
In addition, a substudy was done at five sites in Japan to
satisfy local regulatory requirements. To ensure a fully
comprehensive report, the integrated data of the main
study and the Japanese substudy are included in the
appendix. Unless otherwise noted, results presented
within this manuscript are based on main study data
(excluding the Japanese patients).

Eligible patients were children (4-17 years) diagnosed
with ulcerative colitis 12 weeks or more before screening,
who had active, moderate-to-severe ulcerative colitis
(defined as full Mayo score [FMS] of 6-12 and endoscopy
subscore of 2-3, confirmed by a central reader) despite
stable doses of concurrent treatment with oral corti-
costeroids (=2 mg per day oral prednisone or equivalent,
not exceeding 40 mg per day, or =3 mg per day oral
budesonide, not exceeding 9 mg per day) or immuno-
suppressants (methotrexate =15 mg/m2 body surface
area per week, azathioprine =1-5 mg/kg per day, or
mercaptopurine =1 mg/kg per day). Patients on both oral
corticosteroids and immunosuppressants were required
to fulfil the criteria for both drugs. Patients who had
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documented intolerance or no response to corticosteroids
or immunosuppressants were also eligible. Patients also
needed to have tested negative for tuberculosis at
screening assessment.

Patients were excluded if they had Crohn’s disease,
unclassified inflammatory bowel disease, fulminant
colitis, toxic megacolon, ulcerative colitis disease
restricted to the rectum, history of colectomy, or planned
bowel surgery; previous adalimumab treatment; and
those receiving ciclosporin, tacrolimus, or myco-
phenolate mofetil within 30 days before baseline,
infliximab within 56 days of baseline, or therapeutic
enema or suppository within 14 days before the screening
endoscopy. Furthermore, unless the patient had a
treatment limiting reaction, patients who had previously
used infliximab or any anti-TNF drug and had not
clinically responded at any time were excluded. Patients
who had positive results for hepatitis B surface antigen
or DNA were excluded, as were patients with evidence of
dysplasia or history of malignancy other than success-
fully treated non-metastatic cutaneous squamous cell or
basal cell carcinoma or localised carcinoma in situ of the
cervix. Patients with clinically significant abnormalities
on screening electrocardiogram, aspartate aminotrans-
ferase or alanine aminotransferase concentrations more
than 1-75-times the upper limit of normal, total bilirubin
concentration of 3 mg/dL or more, or serum creatinine
concentrations of more than 1-6 mg/dL were also
excluded.

Patients taking concomitant immunosuppressants
needed to remain stable for the first 12 weeks of the study
(except in the event of treatment-related toxicities) and
could discontinue therapy starting at week 12 per
investigator’s discretion. Patients who were receiving
concomitant medications and who had disease flare at or
after week 12 were allowed to change their dose or initiate
treatment with corticosteroids, immunosuppressants, or
aminosalicylates if the dose increase was discussed with
and approved by the medical monitor. Patients taking
concomitant corticosteroids were not allowed to change
dose during the first 4 weeks of the study but could start a
corticosteroid taper at or after week 4 at investigator’s
discretion.

The inclusion and exclusion criteria were the same in
the Japanese substudy, with the exception of the doses
of concurrent azathioprine (=1-0 mg/kg per day) or
6-mercaptopurine (=0-6 mg/kg per day), and additional
exclusion criteria: cytapheresis treatment within 56 days
before baseline or antibiotic combination therapy
(amoxicillin, tetracycline, and metronidazole) during the
screening period.

The study was done in accordance with International
Council for Harmonisation guidelines and the ethical
principles of the Declaration of Helsinki. All patients
provided written informed consent, and the study
protocol was approved by an institutional review board or
independent ethics committee at each study site.

Randomisation and masking

Patients were assigned a unique identification number
by the Interactive Voice Response System (IVRS) or
Interactive Web Response System (IWRS) when screened
for the study. Patients were centrally randomly assigned to
a treatment group with IVRS or IWRS according to the
randomisation scheme generated by the study sponsor
(AbbVie, North Chicago, IL, USA). Treatment group
assignment was maintained by the IVRS and not provided
to the site. The sites were provided with appropriate kit
numbers for drug-dispensing purposes for each patient by
the IVRS. Under the original study design, at the
beginning of the 8-week double-blind induction period,
eligible patients were randomly assigned (3:2) to receive
either high-dose or standard-dose induction adalimumab.
The 3:2 randomisation at baseline was stratified by
baseline disease severity (FMS <9 wvs >9), baseline
corticosteroid use (yes vs no), and previous exposure to
TNF inhibitors (yes vs no) using blocks of five.

After the 8-week induction period, patients who were
in partial Mayo score (PMS) response (ie, were PMS
responders) at week 8 (defined as a decrease of two points
or more and =30% decrease from baseline PMS) were
eligible to enter the 44-week, double-blind maintenance
period. In the original study design, patients were
randomly assigned (2:2:1) at week 8 to receive high-dose
maintenance adalimumab, standard-dose maintenance
adalimumab, or placebo. Non-responders at week 8 were
discontinued from the study (appendix p 10). The
2:2:1 rerandomisation at week 8 was stratified by week 8
PMS remission status (yes vs no) and induction dose
(high-dose wvs standard-dose induction adalimumab)
using blocks of five (appendix pp 10-11).

A study design change was introduced in
November, 2017, that ceased random assignment to the
maintenance placebo group at week 8 (appendix p 11). The
cessation of placebo was due to slow recruitment because
of inadequate acceptance of placebo by both families and
investigators. This change was agreed to by the regulatory
agencies. In addition, random assignment into the
standard-dose induction adalimumab group at baseline
was terminated to increase the chance of randomly
assigning responders to maintenance therapy based on
the original premise of the higher efficacy of high-dose
versus standard-dose adalimumab (protocol amendment
4; Nov 2, 2017; incorporated in amendment 5; appendix
Pp 4749 and pp 117-118). Thus, all patients enrolled in the
study after the study design change received open-label
high-dose induction adalimumab. The maintenance
period remained double-blind. All week 8 PMS responders
(including patients who had been enrolled in the study
before the study design change and had not yet entered
the maintenance period) were randomly assigned (1:1) to
receive either high-dose maintenance adalimumab or
standard-dose maintenance adalimumab. Randomisation
at week 8 was stratified by week 8 PMS remission status
(ves vs no) using a block of two.
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At or after week 12, patients with a disease flare could
be randomly assigned to receive one-time, double-blind
reinduction treatment with adalimumab or a one-time,
double-blind regular maintenance dose of adalimumab
at the visit. All patients continued their original randomly
assigned high-dose or standard-dose maintenance
adalimumab thereafter, except patients in the placebo
group, who continued on standard-dose maintenance
adalimumab.

The investigators, study site personnel, patients, and
all AbbVie personnel with direct oversight of the conduct
and management of the trial (with the exception of the
AbbVie Drug Supply Management Team) remained
masked to each patient’s treatment throughout the
double-blind periods of the study.

Procedures

During the 8-week induction period, eligible patients
received either high-dose (2-4 mg/kg [maximum 160 mg]
at weeks 0 and 1) or standard-dose (2-4 mg/kg [maximum
160 mg] at week 0 and matching placebo at week 1)
induction adalimumab subcutaneously. Both groups
received 1-2 mg/kg (maximum 80 mg) adalimumab at
week 2 and 0-6 mg/kg (maximum 40 mg) adalimumab
at weeks 4 and 6 (appendix p 10). During the maintenance
period, patients received either high-dose maintenance
adalimumab (0-6 mg/kg weekly [maximum 40 mg]) or
standard-dose maintenance adalimumab (0-6 mg/kg
every other week [maximum 40 mg]).

Following a flare, patients were randomly reassigned to
receive either reinduction treatment with adalimumab at
adose of 2-4 mg/kg (maximum 160 mg) or a maintenance
dose of 0-6 mg/kg (maximum 40 mg). If the disease flare
was still present after 4 weeks, patients could be switched
to open-label adalimumab 0-6 mg/kg (maximum 40 mg)
weekly, and if the flare persisted for an additional 4 weeks,
the patients could switch to open-label adalimumab
40 mg weekly (not weight based). Thereafter, patients
with persistent disease flare could be withdrawn from
the study at the investigator’s discretion. During open-
label rescue therapy, patients who were responders and
had been in remission for 8 consecutive weeks or more
(PMS <2 with no individual subscore >1) could have their
dosage decreased from every week to every other week.
Flare was defined as patients with a week 8 PMS of 0-2
that increased by three points or more, patients with a
week 8 PMS of 3 or 4 that increased by two points or
more, and patients with a week 8 PMS of 5 or 6 that
increased by one point or more.

A patient could withdraw from the study at any time,
and the investigator could withdraw a patient for any
reason. Dose interruptions were permitted per protocol if
a patient developed an infection requiring intravenous
anti-infective treatment, if an infection met the definition
of serious, or 2 weeks before an elective surgery or at the
time of an emergency surgery. Study drug could be
reinstated per physician’s judgement.

Endoscopies were done at screening and at week 52 or
at premature discontinuation. All endoscopies were
reviewed by a central reviewer who was masked to the
therapy and time point.

Blood samples were obtained at weeks 0, 2, 4, 8, 12, 26,
34, and 52 for pharmacokinetic evaluation of serum
adalimumab concentrations and at weeks 0, 4, 8, 26,
and 52 for evaluation of anti-adalimumab antibodies by a
validated enzyme-linked immunosorbent assay based
on a double-antigen technique. Adverse events and
laboratory data were assessed throughout the study.

Outcomes

The coprimary efficacy endpoints were the proportion
of patients who were in PMS remission at week 8
(intent-to-treat [ITT]-E population) and the proportion
of week 8 PMS responders who were in FMS remission,
defined as FMS of two or less and no individual subscore
more than one, at week 52 (maintenance ITT-E [mITT-E]
population).

The four ranked secondary endpoints at week 52 were
the proportion of patients who showed FMS clinical
response (defined as a decrease of three points or more
and =30% decrease from baseline in FMS) in week 8
PMS responders, mucosal healing (defined as Mayo
endoscopy subscore of one or less by central reading) in
week 8 PMS responders, FMS remission in week 8 PMS
remitters, and corticosteroid-free FMS remission in
week 8 PMS responders who were taking corticosteroids
at baseline (mITT-E population).

Other secondary endpoints included change from
baseline in total IMPACT III Quality of Life score and
subscores for patients 9 years or older at baseline; change
in stool frequency and rectal bleeding Mayo subscores;
change in z scores for height velocity and body mass index
(BMI) at weeks 26 and 52; and change in Work Productivity
and Activity Impairment (WPAI) questionnaire caregiver
scores for absenteeism, presenteeism, work impairment,
and activity impairment. In addition, the proportion of
week 8 PMS responders in Pediatric Ulcerative Colitis
Activity Index (PUCAI) remission (defined as PUCAI <10)
or PUCAI response (defined as a decrease in PUCAI
=20 points from baseline) was assessed at weeks 8 and 52.
Week 8 endpoints were assessed in the ITT-E population,
week 52 endpoints and change from baseline assessments
were assessed in the mITT-E population. A full list
of secondary outcomes is reported in the appendix
(pp 104-100).

Safety was assessed by recording adverse events and
laboratory values. Treatment-emergent adverse events
were defined as events with an onset date after the first
dose of study medication and not more than 70 days after
the last dose of study medication.

Statistical analysis
Several analysis populations were included in this study
(appendix p 4). The ITT and safety population included
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| 158 patients screened

—>| 57 did not meet inclusion criteria

A

| 101 enrolled,* 100 analysed (integrated ITT and safety population)

v

| 93 main study (ITT population)

v

16 open-label high-dose
adalimumab
induction therapyt

v

77 double-blind

adalimumab

induction therapy
(ITT-E population)

v

| 7 Japanese substudy (ITT population)

|
v v

1 open-label high-dose 6 double-blind
adalimumab adalimumab
induction therapyt induction therapy

(ITT-E population)

v

v

| 47 high-dose group | | 30 standard-dose group

2 discontinued

8 discontinued

8 discontinued

1 poor efficacy 4 non-responders 3 non-responders
1 required atweek 8 at week 8
alternative 1 withdrew consent 2 withdrew consent
P treatment —»  1poor efficacy —» 2 poor efficacy
1 required 1 required
alternative alternative
treatment treatment
1 adverse event
{V 47

| 74 induction responders received maintenance therapy (mITT population)#

v

|
v v

| 4 high-dose group |

2 standard-dose group

2 discontinued

1 non-responder
atweek 8
1 adverse event

v {V {V

5 induction responders received maintenance therapy (mITT population)

v
12 placebot 62 adalimumab 5 adalimumab
(mITT-E population) (mITT-E population)
| 31 high-dose group | 31 standard-dose group | 3 high-dose group | | 2 standard-dose group |
1 required alternative 2 discontinued 7 discontinued 1discontinued
treatment and 1 withdrew consent 2 withdrew consent 1 poor efficacy
discontinued 1 non-compliance 4 poor efficacy
] ] ] 1 required g
alternative
treatment
y v v v v
11 completed week 52 29 completed week 52 24 completed week 52 3 completed week 52 1 completed week 52

Figure 1: Trial profile

ITT and safety population included all patients who received at least one induction dose of adalimumab (double-blind or open-label). ITT-E population included patients enrolled before study design
change who received double-blind induction adalimumab. mITT population included all week 8 responders randomly assigned to receive a maintenance regimen who received at least one dose of
maintenance adalimumab. mITT-E population included week 8 responders who received high-dose or standard-dose maintenance adalimumab. ITT=intent to treat. mITT=maintenance ITT.
PMS=partial Mayo score. *A Japanese patient’s treatment in the study was still ongoing at the time of this final confirmatory analysis; this patient was excluded from all analyses. tAfter the study
design change, patients received open-label high-dose adalimumab only during the induction period and random assignment to the placebo group was ceased. $One additional non-responder who
was erroneously randomly assigned into the maintenance period was excluded from the mITT-E population efficacy analyses, but was analysed as part of the safety population.
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all patients who received one or more doses of the study
drug. The ITT-E population, which was the primary
population for the week 8 confirmatory efficacy analysis,
was defined as all patients who received one or more
doses of the study drug during the induction period
randomly assigned before the study design change
(protocol amendment 4). This was done to exclude
patients allocated to the open-label, high-dose induction
adalimumab group to avoid introducing any bias. The
mITT-E population, which was the primary population
for the week 52 confirmatory efficacy analysis, was
defined as all week 8 PMS responders who were
randomly assigned at week 8 to the maintenance period
and received one or more doses of high-dose or standard-
dose maintenance adalimumab; patients who were
randomly assigned to receive placebo were excluded. The
Japanese substudy used the same population definitions.
The modifier ‘integrated’ indicates that the analysis
population contained patients from the main and
Japanese substudy.

Pharmacokinetic and immunogenicity assessments
were done in the integrated analysis populations, and

ITT and safety ITT-E populationt  mITT-E population
population* (n=93) (n=77) (n=62)
Girls 51 (55%) 38 (49%) 36 (58%)
Boys 42 (45%) 39 (51%) 26 (42%)
Age, years
Mean age 14-1(3-0) 14-1 (3-0) 13-7(3:3)
Median age 15 (12-17) 15 (12-17) 14 (11-17)
Participants <13 years 25 (27%) 20 (26%) 20 (32%)
Ethnicity
White 88 (95%) 73(95%) 59 (95%)
Black 3(3%) 3 (4%) 3(5%)
Asian 1(1%) 1(1%) 0
Mixed race 1(1%) 0 0
Geographic region
Eastern Europe 72 (77%) 60 (78%) 49 (79%)
North America 13 (14%) 10 (13%) 10 (16%)
Western Europe 8(9%) 7 (9%) 3 (5%)
Mean weight, kg 55.9 (18-1) 56.7 (18:1) 55-5(19:6)
Pancolitis 56 (60%) 45 (58%) 37 (60%)
Anti-TNF naive 78 (84%) 63 (82%) 54 (87%)
Baseline systemic corticosteroid use 44 (47%) 35 (45%) 29 (47%)
Baseline immunosuppressant use 55 (59%) 50 (65%) 38 (61%)
Duration of ulcerative colitis, years
Mean duration 2:3(23) 2:3(23) 2:2(2:0)
Median duration 1.5 (0-8-2-6) 1.5(0-9-2-8) 1.5 (0-9-2-9)
Mean full Mayo score 7-8(1-2) 7-8(1-2) 7-8(1-2)
Mean partial Mayo score 5-6(1-2) 57 (1-2) 57 (1-1)
Data are n (%), mean (SD), or median (IQR). ITT=intent-to-treat. mITT-E=maintenance ITT-E. TNF=tumour necrosis
factor. *ITT and safety population included patients receiving one or more induction dose of adalimumab (double-
blind or open-label). fITT-E population included patients enrolled before design change who received double-blind
induction adalimumab. mITT-E population included week 8 responders randomly assigned to maintenance period
receiving high-dose or standard-dose maintenance adalimumab.
Table 1: Baseline demographics and disease characteristics

patients were categorised based on their dose (ie, the
high-dose induction adalimumab group included
masked and open-label treatment).

Following the study design change, in the confirmatory
efficacy analysis, coprimary and ranked secondary
endpoints were tested for the adalimumab groups
against historical, external adult placebo rates derived
from a meta-analysis of suitable clinical studies of
similar study design, patient populations, and endpoint
definitions (ULTRA 17 and ULTRA 2* for week 8
coprimary endpoint; GEMINI 1”and OCTAVE sustain®
for week 52 coprimary and ranked secondary endpoints).
A sequentially rejective multiple test procedure
controlled the multiple significance level of 5% using
one-sample, two-sided ¥2 tests. Coprimary and ranked
secondary endpoints were tested for in the pooled
adalimumab group versus external placebo first,
followed by testing of individual dose groups versus
external placebo separately. Adjusted p values from the
sequentially rejective multiple test procedure are
presented (ie, statistical significance if the corres-
ponding adjusted p value was less than 0-05).

An underlying sample size calculation showed that, for
the week 8 coprimary endpoint, 77 patients in the ITT-E
population (46 [60%)] in the high-dose induction
adalimumab group) would provide at least 99% power for
a one-sample, two-sided 2 test with a significance level of
5% to compare the pooled induction adalimumab group
(assuming a 48% PMS remission rate at week 8) with an
assumed 19-8% external placebo PMS remission rate at
week 8 and at least 99% power with a significance level of
4.-95% to compare high-dose induction adalimumab
group (assuming a 52% PMS remission rate at week 8)
with an assumed 19-8% external placebo PMS remission
rate at week 8. For the week 52 coprimary endpoint,
57 patients in the mITT-E population (28 [49%)] in the
high-dose maintenance adalimumab group) would
provide 88% power for a one-sample, two-sided ¥2 test
with a significance level of 5% to compare the pooled
maintenance adalimumab group (assuming a 36% FMS
remission rate at week 52) with an assumed 18- 4% external
placebo FMS remission rate at week 52 and at least
80% power with a significance level of 5% to compare
high-dose maintenance adalimumab group (assuming a
41% FMS remission rate at week 52) with an assumed
18-4% external placebo FMS remission rate at week 52.

Binary endpoints were summarised as proportions by
treatment group, including 95% CIs. Continuous
endpoints were summarised as changes from baseline
and reported by treatment group, including 95% Cls.

Missing values were imputed using non-responder
imputation for binary efficacy variables and last
observation carried forward for categorical and continuous
variables. Missing values were only imputed for study
periods (before week 8 and after week 8) that a patient had
actually entered. Subgroup analyses of coprimary
endpoints were done by age, weight, previous TNF
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Figure 2: Coprimary and ranked secondary endpoints

Analysis populations were ITT-E for week 8 coprimary endpoint and mITT-E for week 52 coprimary and secondary endpoints. Adjusted p values from the
prespecified sequentially rejective multiple test procedure (controlling multiple significance level of 5%) using one-sample two-sided )’ tests for the high-dose
and standard-dose adalimumab groups versus external placebo are reported. Week 52 analyses were done in week 8 PMS responders unless otherwise noted.
FMS=full Mayo score. ITT-E=intent to treat. mITT-E=maintenance ITT. PMS=partial Mayo score. *Analysis in week 8 remitters. TAnalysis in patients with baseline

corticosteroid use.

inhibitor therapy, baseline corticosteroid or immuno-
suppressant use, and geographical region. Adverse events
were analysed separately for the induction period,
maintenance period, after disease flare, and during overall
adalimumab exposure.

We report the final confirmatory analysis. The statistical
analyses were done using the SAS (version 9.4). This
study is registered with ClinicalTrials.gov, NCT02065557.

Role of the funding source

AbbVie funded this study and participated in the study
design, research, analysis, data collection, interpretation
of data, reviewing, and approval of the publication. No
honoraria or payments were made for authorship.

Results

In the main study, 93 children were recruited between
Oct 13, 2014, and Sept 5, 2018. 77 (83%) of 93 patients
received double-blind adalimumab (47 [61%] in the
high-dose induction adalimumab group and 30 [39%)] in
the standard-dose induction adalimumab group) during
the 8-week induction period (ITT-E population), and
16 (17%) of 93 patients received open-label high-dose
induction adalimumab (figure 1). At week 8, 77 (83%)
patients were PMS responders; 74 (80%) responders
continued to the maintenance period (figure 1): 62 (84%)
were randomly assigned to receive adalimumab (pooled
maintenance adalimumab group; 31 [50%)] in the high-
dose maintenance adalimumab group and 31[50%)] in the

standard-dose maintenance adalimumab group; mITT-E
population), and 12 (16%) were randomly assigned to
receive placebo (before the study design change). A total
of 22 patients were randomly reassigned due to disease
flare during the maintenance period: 15 (68%) in the
pooled maintenance adalimumab group (nine [60%] in
the high-dose maintenance adalimumab group [three
with reinduction and six without reinduction]; and
six [40%)] in the standard-dose maintenance adalimumab
group [three with reinduction and three without
reinduction]) and seven (32%) in the placebo group.

Median exposure to study drug was 56 days
(IQR 55-56) for the 93 patients in the induction period;
307 days (97-308) for 75 (81%) patients during the
maintenance period up to first flare, if applicable; and
161 days (84-257) for the 22 (29%) patients after flare.
Mean age was 14-1 (SD 3-0) years, 51 (55%) of the
93 participants were girls, and median duration of
ulcerative colitis was 1-5 years (IQR 0-8-2-6) in the ITT
and safety population (table 1). At baseline, 44 (47%) of
93 patients used systemic corticosteroids, 55 (59%)
patients used immunosuppressants, and 78 (84%)
patients were TNF inhibitor naive.

Eight additional patients were enrolled in the Japanese
substudy until March 4, 2019; however, at the time of
confirmatory analysis of the study, one patient’s
treatment was still ongoing. Thus, only seven Japanese
patients were included in the integrated ITT and safety
population (n=100; figure 1).
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Figure 3: Mean change from baseline in caregivers’ WPAI scores in the mITT-E population (LOCF)
LOCF=last observation carried forward. mITT=maintenance intent to treat. WPAI=Work Productivity and Activity
Impairment questionnaire. Results from the pooled maintenance adalimumab group are presented.

In the integrated analysis population, median (IQR)
exposure to study drug was 56 days (IQR 55-56) for
100 patients during the induction period; 307 days
(94-308) for 80 (80%) patients in the maintenance period
up to first flare, if applicable; and 162 days (94-245) for
25 (31%) patients after flare. Baseline characteristics
were similar in the integrated ITT and integrated safety
population (appendix p 5).

In the ITT-E population, the pooled induction
adalimumab group was superior to external placebo for
the coprimary endpoint of PMS remission at week 8
(41 [53%] of 77 patients vs 19-8% for external placebo;
adjusted p<0-0001). Similarly, in the mITT-E population,
the pooled maintenance adalimumab group was superior
to external placebo for the coprimary endpoint of FMS
remission at week 52 (23 [37%)] of 62 patients vs 18-4% for
external placebo; adjusted p=0-0001).

A significantly higher proportion of patients in the
ITT-E population who received high-dose induction
adalimumab (28 [60%)] of 47 patients) were in PMS
remission at week 8 versus external placebo (19-8%;
adjusted p=0-0001); 13 (43%) of 30 patients who received
standard-dose induction adalimumab were in PMS
remission at week 8 versus an external placebo rate of
19-8%, but this difference was not significant (p=0-38;
figure 2).

A significantly higher proportion of patients in the
mITT-E population who received high-dose maintenance
adalimumab were in FMS remission at week 52 (14 [45%]
of 31 patients) compared with external placebo (18-4%;
adjusted p=0-0001); nine (29%) of 31 patients who
received standard-dose maintenance adalimumab were
in FMS remission at week 52 versus an external placebo
rate of 18-4%, but this difference was not significant

A
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Figure 4: Mean change from baseline in stool frequency (A) and rectal
bleeding (B) Mayo subscores in the mITT-E population (LOCF)

Error bars are 95% Cl. LOCF=last observation carried forward. mITT=maintenance
intent to treat.

(p=0-38; figure 2). Of note, none of the patients who were
in FMS remission at week 52 were receiving steroids
(either never during the study or had discontinued use
before week 52).

In the mITT-E population, compared with external
placebo, a significantly higher proportion of patients who
received high-dose maintenance adalimumab reported
FMS response in week 8 PMS responders (21 [68%] of
31 patients vs 26-1%; p=0-0001), mucosal healing in
week 8 PMS responders (16 [52%)] of 31 patients vs
22-0%; p=0-0001), and FMS remission in week 8
remitters (10 [45%] of 22 patients vs 14-8%; p=0-0001) at
week 52 (figure 2). Similarly, the pooled maintenance
adalimumab group showed superiority over external
placebo for these endpoints (all adjusted p=0-0001;
data not shown). Of the patients in the mITT-E population
who received standard-dose maintenance adalimumab,
the proportion of patients with FMS response at week 52
was significantly higher compared with external placebo
(19 [61%] of 31 patients vs 26-1%; p=0-0082); there was
no significant difference compared with external placebo
for the three other secondary endpoints (figure 2).
Mucosal healing was reported in 12 (39%) of 31 patients
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in the standard-dose maintenance adalimumab group at
week 52.

Although more patients who received high-dose
adalimumab reported PMS remission at week 8 and FMS
remission, FMS response, mucosal healing at week 52 in
week 8 PMS responders, and FMS remission at week 52
in week 8 remitters than those who received standard-dose
adalimumab (figure 2), the study was not powered for a
formal statistical comparison between the two adalimumab
dose regimens, and this was an exploratory analysis only.

Results were similar in the integrated analysis
populations for both coprimary endpoints and ranked
secondary endpoints (appendix p 12); the results in
Japanese patients were consistent with the overall
integrated analysis populations.

In the ITT-E population, at the end of the induction
period at week 8 clinical remission per PUCAI was
reported in 22 (47%) of 47 patients who received high-dose
induction adalimumab and ten (33%) of 30 patients who
received standard-dose induction adalimumab. PUCAI
response at week 8 was reported in 32 (68%) of 47 patients
who received high-dose induction adalimumab and
15 (50%) of 30 patients who received standard-dose
induction adalimumab (appendix p 13). In the mITT-E
population at week 52, PUCAI remission was reported in

at baseline (mean height velocity z score -0-843).
Clinically meaningful changes from baseline to weeks 26
and 52 in z scores for height velocity were observed in
the mITT-E population, and the largest BMI increase
from baseline was seen over time in patients who
received high-dose maintenance adalimumab group
(appendix p 14).

In the integrated ITT population, mean adalimumab
concentrations at weeks 2 and 4 were approximately twice
as high in patients who received high-dose induction
adalimumab than in those who received standard-dose
induction adalimumab; this difference was smaller by
week 8 (appendix p 7). During the maintenance period,
adalimumab concentrations in those who received
high-dose maintenance adalimumab were approximately
two to three times higher than in those who received
standard-dose maintenance adalimumab (appendix p 7).
In patients who received high-dose induction adalimumab
and were randomly assigned to receive either high-dose
or standard-dose maintenance adalimumab, no differe-
nces in mean adalimumab concentration were observed
by remission status during the maintenance period
(appendix p 15). Three (3%) of 100 patients were anti-

Adalimumab  Adalimumab Adalimumab  Anyadalimumab

18  (58%) of 31 patients who received high-dose induction maintenance after flaret treatment§
maintenance adalimumab and by 14 (45%) of 31 patients period*(n=03) periodt (n=63) (n=22) (n=93)
who received standard-dose maintenance adalimumab. Adverse events 52 (56%) 42 (67%) 9 (41%) 73 (78%)
PUCAI response at week 52 was reported in 16 (52%) Serious adverse events 10 (11%) 9 (14%) 2 (9%) 21(23%)
of 31 patients who received high-dose maintenance Adverse events leading to 3(3%) 2 (3%) 0 5 (5%)
adalimumab and 18 (58%) of 31 patients who received discontinuation
standard-dose maintenance adalimumab (appendix p 13). Adverse events with reasonable 12 (13%) 18 (29%) 4 (18%) 30(32%)

Ir'1 the subgroup analyses., a higher percentage of Sptc; Sj)'/b('jl:%‘)fbemg related to
patients who were TNF inhibitor-naive versus patients R ——— ) TE% 0 =
who had previously received TNF inhibitors met the reasonable possibility of being
coprimary endpoints (appendix p 6). Of the patients in related to study drug
the mITT-E population who had disease flare during the Infection 20 (22%) 23 (37%) 5(23%) 44 (47%)
maintenance period, FMS response at week 52 was Serious infection 0 5 (8%) 0 5 (5%)
reported in two (33%) of six patients who received a Death 0 0 0 0

reinduction dose and two (22%) of nine patients without
reinduction dose.

Clinically meaningful improvements in caregivers’
WPAI absenteeism, presenteeism, work impairment,
and activity impairment were shown in the mITT-E
population by a decrease in mean scores from baseline
starting at week 1 (when patients were still receiving
induction treatment) and sustained to week 52 (figure 3).

Data are n (%). *Treatment-emergent adverse events during the induction period are shown, and were defined as
events with an onset date on or after the first dose date of adalimumab in the induction period, up to 70 days after the
last dose date of adalimumab in the induction period, and before the first dose date of adalimumab in the
maintenance period (if applicable). fTreatment-emergent adverse events during the maintenance period are shown,
and were defined as events with an onset date on or after the first dose date of adalimumab in the maintenance period
and before rerandomisation due to first disease flare, if applicable, and up to 70 days after the last dose date of
adalimumab in the maintenance period; events with an onset date on or after the first dose date in the long-term
extension study were excluded; safety population restricted to patients with at least one dose of adalimumab during
the maintenance period. $Treatment-emergent adverse events after disease flare are shown, and were defined as
events with an onset date on or after the first dose date of the study drug after rerandomisation due to first disease

Clinically meaningful reductions in stool frequency and
rectal bleeding Mayo subscores were observed in the
mlITT-E population as early as week 1 (when patients
were still receiving induction treatment), which
continued to decrease over time up to week 52 (figure 4).

Improvement in patient quality of life was shown in
the mITT-E population by an increase in the mean total
IMPACT III score from baseline starting at week 8,

flare and up to 70 days after the last dose date of the study drug; the events with an onset date on or after the first dose
date in the long-term extension study were excluded; the safety population was restricted to patients who received at
least one dose of adalimumab during the maintenance period who had at least one flare during the maintenance
period. §Treatment-emergent adverse events during any adalimumab treatment throughout the study are shown, and
were defined as events with an onset date on or after the first dose date of adalimumab and up to 70 days after the last
dose date of adalimumab and before the first dose date in the long-term extension study (if applicable), whichever
came first; for patients who received placebo during the maintenance period, the treatment-emergent adverse event
collection period ended 70 days after last induction dose of adalimumab and restarted with their next adalimumab
dose (if applicable).

Table 2: Overview of adalimumab treatment-emergent adverse events of interest in the safety

which was sustained up to week 52 (appendix p 14). population and subpopulations

Patients had some evidence of reduced linear growth rate
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adalimumab antibody-positive during the study. Serum
adalimumab concentrations were higher in patients who
were anti-adalimumab antibody-negative than in those
who were anti-adalimumab antibody-positive. However,
there was no apparent effect of anti-adalimumab
antibodies on the efficacy or safety of adalimumab in
these patients (two tested anti-adalimumab antibody-
positive at week 26 and one at week 52; all three responded
at week 8 and two were in remission at week 8 and 52;
none had disease flare).

In the safety population, 52 (56%) of 93 of patients
reported one or more treatment-emergent adverse events,
and 10 (11%) patients reported one or more treatment-
emergent serious adverse events during the induction
period (table 2). Throughout any adalimumab exposure
in the study, 73 (78%) patients had one or more treatment-
emergent adverse events, with 21 (23%) patients reporting
one or more treatment-emergent serious adverse event.
Most serious adverse events were not related to treatment
and did not lead to discontinuation from the study
(table 2). Overall, five (5%) patients had adverse events
with reasonable possibility of being study-drug related
that resulted in drug interruption (four patients; headache
and loss of consciousness [n=1]; injection site
inflammation [n=1]; cytomegalovirus enterocolitis [n=1];
and asceptic meningitis and malaise, arthralgia,
hypoaesthesia, and paraesthesia [n=1]) or drug withdrawal
(pericarditis [n=1]).

The most common adverse events were headache,
anaemia, and ulcerative colitis flare during the induction
period and ulcerative colitis flare, headache, and naso-
pharyngitis during the maintenance period (appendix p 8).
No deaths, malignancies, tuberculosis, or demyelinating
diseases were reported. Two (2%) of 93 patients had a
colectomy. 13 (14%) of 93 patients were hospitalised due
to ulcerative colitis during the induction period, and
six (8%) of 74 patients were hospitalised during the
maintenance period. Safety results were consistent in the
integrated safety population (appendix p 9) and in
Japanese patients. Treatment-emergent adverse events,
serious adverse events, and adverse events leading to
discontinuation were slightly higher in patients who
received standard-dose induction adalimumab versus
those who received high-dose induction adalimumab;
however, the number of patients who had an event was
low, and these results should be interpreted with caution.

Discussion

To date, ENVISION I is the largest phase 3 study of
a Dbiologic therapy in paediatric patients with
moderate-to-severe ulcerative colitis. 77 (83%) of
93 children with moderate-to-severe ulcerative colitis
were PMS responders at week 8. 74 (80%) children
continued to receive adalimumab as maintenance
therapy and had clinically meaningful rates of remission
(29-45%), including corticosteroid-free remission (31%),
response (61-68%), and mucosal healing (39-52%) at

week 52. Mayo score-based efficacy measures were
supported by PUCALI clinical remission and response at
weeks 8 and 52. Furthermore, improvements in quality
of life, BMI, growth rate, stool frequency, rectal bleeding
Mayo subscores, and caregivers’ work productivity were
observed with adalimumab. The safety profile was
consistent with that of previous studies and the
established safety profile of adalimumab.”*#% Results
were consistent in the integrated analysis populations,
which included patients from the Japanese substudy.
Overall, these results suggest that adalimumab therapy is
an effective, safe, and well tolerated treatment option for
children with moderate-to-severe ulcerative colitis.

To our knowledge, adalimumab is the first
subcutaneously administered, self-injectable biologic
treatment option approved for paediatric ulcerative
colitis. Infliximab is the only other biologic therapy
approved for paediatric ulcerative colitis® and requires
infusions.”” Infliximab showed efficacy in children with
moderate-to-severe ulcerative colitis in an open-label
phase 3 study.* At week 8, clinical response was reported
in 44 (73%) of 60 patients and clinical remission by
24 (40%) of 60 (based on Mayo score) or 17 (33%) of 51
(based on PUCAI). Overall, 45 patients who were
responders were randomly assigned to maintenance
infliximab treatment at week 8, and PUCAI remission
was reported in eight (38%) of 21 patients at week 54 with
infliximab 5 mg/kg every 8 weeks.* In the pooled
adalimumab group of ENVISION I, PUCAI remission at
week 8 was reported in 42% of patients, and PUCAI
remission at week 52 was reported in 52% of patients.

The colectomy rate at year 1 was low in ENVISION I
(only two [2%] patients); by comparison, five (8%) of
60 patients required colectomy in the infliximab study.*
The cumulative colectomy rate in patients with paediatric-
onset ulcerative colitis varies between studies, with 5-year
reported rates of 15-26%.>*

In the original study design of ENVISION I, patients
were to be randomly assigned (2:2:1) to receive high-dose
maintenance adalimumab, standard-dose maintenance
adalimumab, or placebo. However, because of enrolment
issues due to non-acceptance of the placebo group,”
the study design was changed (M11-290 Protocol
Amendment 4, Nov 2, 2017) to cease random assignment
into the placebo group and to compare coprimary and
ranked secondary maintenance endpoints with external
adult placebo rates derived from a meta-analysis of eligible
studies, as agreed with regulators. An external adult
placebo control was also used in the infliximab study of
children with ulcerative colitis.” Although use of external
control data might have caveats because of differences in
patient populations and other confounding factors,
application of meta-analytic methods allows the use of
external controls in a principled way.” The clinical studies
for the meta-analysis were selected based on their similarity
with the ENVISION I study design (induction period
followed by randomised withdrawal of active drug in
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induction responders in maintenance period as applicable),
patient population (regarding previous and concomitant
therapies, disease severity, and geographical region), and
endpoint definitions and time points. In addition, the
upper bound of the 95% CI of the point estimates from the
meta-analysis were conservatively used as the external
placebo control rate. Extrapolation from adult trials for
approved medications has been suggested for drug
development in paediatric inflammatory bowel disease.

In addition, the efficacy results of the coprimary
endpoint at week 52 were based on centrally read
endoscopies. ENVISION I also included a new rescue
treatment option that evaluated reinduction dose in the
case of flare, showing evidence of benefit without safety
concerns; however, these results should be interpreted
with caution because of the small number of patients.
Although the study was not powered to compare the
high-dose groups with the standard-dose groups, in
general, high-dose adalimumab was numerically more
efficacious than standard-dose adalimumab in the
coprimary and ranked secondary endpoints (except for
the last ranked endpoint: corticosteroid-free FMS
remission at week 52 in week 8 PMS responders who
were taking corticosteroids at baseline) during induction
and maintenance periods, with absolute differences up
to 16% noted between groups. Adalimumab concen-
trations were higher in the high-dose versus standard-
dose maintenance adalimumab group. However, mean
adalimumab concentrations within the dose groups
were similar regardless of remission status. In general,
adalimumab concentrations in paediatric patients were
similar to those in adult patients with ulcerative colitis
receiving similar doses.”

No deaths, malignancies, active tuberculosis, or
demyelinating diseases were observed in the study, and
the safety profile was consistent with that of previous
adalimumab studies in adults with ulcerative colitis,
paediatric patients with Crohn’s disease, and other
indications.”** Our findings add to the extensive safety
profile of adalimumab across multiple indications in
adults® and children.”

The limitations of this study include a low number of
patients evaluated and an uneven regional distribution of
patients (most were from eastern Europe). In addition,
because of non-acceptance of internal placebo, the
primary efficacy analysis used external adult placebo
controls for comparison. Strengths of this study included
individualised dosing of adalimumab per body weight in
a specific paediatric population with moderate-to-severe
ulcerative colitis, objective assessment of eligibility and
outcome due to central reading of endoscopies, and daily
electronic capture of patient-reported outcomes and
high-quality monitoring of data.

Clinically meaningful rates of clinical remission and
response, including steroid-free remission and mucosal
healing, were reported in children with moderate-to-severe
ulcerative colitis who received adalimumab. No new

safety signals were observed, suggesting that adalimumab
is an efficacious and safe treatment option for children
with moderate-to-severe ulcerative colitis.
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