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Drug Ustekinumab (Stelara/Stelaral.V.)

Indication Treatmentof adult patients with moderately to severely active ulcerative colitiswho have had
an inadequate response with, lostresponse to, or were intolerantto either conventional
therapy or a biologic or have medical contraindications to such therapies.

Reimbursement request As per indication.

Dosage form(s) and route of Solution forintravenousinfusion, 130 mg/26 mL (5 mg/mL) and solution for subcutaneous
administration)/strength(s) injection,90 mg/1.0 mL.

NOC date January 23, 2020

Sponsor Janssen, Inc.

Executive Summary

Introduction

Ulcerative colitis (UC) is a chronicinflammatory bowel disease (IBD) that involves
inflammation of the intestinal mucosae affecting the rectum and variable levels of proximal
extension into the colon. Age of onset of signs or symptomsistypically less than 30 years.
It has a worldwide distribution, with a global incidence of 1.2 to 20.3 cases per 100,000
persons per year, and a prevalence of 7.6 to 246.0 cases per 100,000 peryear. Canadais
among the countries with the highestincidence and prevalence of IBD, with approximately
270,000 Canadians living with UC or Crohn disease. The incidence of UC rangesin
different Canadian provinces from 8.4to 21.4 per 100,000 people.

Ustekinumab is a human monoclonal antibody affecting the interleukin pathways in the
pathogenesis of IBD and other immune-modulated conditions. Itis approved by Health
Canada forthe treatmentof adults with chronic moderate -to-severe plaque psoriasis and
forthe treatmentof adult patients with active psoriatic arthritis, and Crohn disease. The
currentindication under review is forthe treatmentof adult patients with moderately to
severely active UC who have had an inadequate response to, lost response to, or were
intolerantto either conventional therapy or a biologic, or have medical contraindications to
such therapies. The recommended dosage for ustekinumab in the treatmentof UC is a
single weight-based IV infusion (approximating 6 mg/mL) followed by a 90 mg
subcutaneous (SC) dose eight weeks later, then 90 mg SC every eight weeks thereafter.
Consideration should be given to discontinuing treatmentin patients who show no evidence
of therapeutic benefit 16 weeks afterthe IV induction dose. This drug has been previously
reviewed by CADTH through the CADTH Common Drug Review (CDR) process for each of
the Health Canada—approved indications.

This review aims to evaluate the beneficial and harmful effects of ustekinumab IV infusion
(induction phase) and SC injection (maintenance phase) for the treatment of adultpatients
with moderately to severely active UC who have failed or were intolerantto treatmentwith
immunomodulators or corticosteroids — but never failed treatmentwith a biologic — or
have failed or were intolerantto treatmentwith a biologic.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 8
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Stakeholder Engagement

Patient Input

¢ Two patientgroups answered CADTH’s call for patientinput: Crohn’s and Colitis Canada
and the Gastrointestinal Society. Both entities aim to supportresearch for IBDs and
improve the lives of adults and children with UC by providing supportand information
abouttreatments, research, and quality-of-life issues, while working closely with health
care professionals, the government, and other patient groups. They use different
channels (newsletters, group meetings, lectures, and websites in both English and
French) to inform those who have been recently diagnosed or have beenliving with UC or
another gastrointestinal-related condition for years.

¢ Both groupsdescribed the circumstances of living with an IBD and whatpatients have to
endure: how UC represents a disabling, lifelong gastrointestinal condition that primarily
affects working-age individuals. Symptoms associated with UC, such as bloody diarrhea,
bloating, abdominal pain, cramping, and fatigue, affecttheir day-to-day lives, sometimes
causing them to experience isolation, anxiety, and debilitating, frequent, and urgent
bowel movements. Their quality of life is deeply affected during periods of active disease,
with patients spending a lot of time in the bathroom; even in periods of remission,
patients have to stay near a bathroom. UC forcesthem to limittheir activities, sometimes
because of the stigma associated with an IBD. Both patientgroups described the
concerns expressed by patients about future flares, which sometimes worsen and are
unpredictable.

¢ Patients often seek treatmentoptions that can reduce or eliminate their symptoms and
regularly long for treatments that could protect their ability to work, attend school and
social events, and perform basic day-to-day activities. The patient groups reported that
many currenttreatments can have undesirable effects because they mustbe used long
term (e.g., glucocorticoids) and that individuals with UC are continuously struggling fora
normal life. They require new and effective options to achieve mucosal healing and
decrease debilitating symptoms. According to Crohn’s and Colitis Canada, patients
preferred drugs that are convenientand easy to use. For instance, mostpatients were
pleased with not having to travel to a clinicto administer ustekinumab, providing them
with the opportunity fora normal life. Given that all individuals respond differently to
therapies, it was considered imperative that patients have a variety of options for
treatment.

Clinician Input

¢ According to advice obtained from aclinical expert, the goal of medical treatmentfor
moderate-to-severe UC should include endoscopic and histologic healing of colonic
inflammation. Patients who do not achieve both clinical and endoscopic remission will be
atincreased risk for symptom relapse aswell as the need for surgery, and at possible
increased long-term risk for the developmentof colorectal cancer. Specific goals of UC
treatmentshould include improving symptoms and quality of life, achieving mucosal and
histologic remission, reducing the risk for future symptomatic relapse, avoiding the need
for colectomy and end ileostomy or ileal pouch-anal anastomosis, preventing the
developmentof colorectal cancer, allowing women of childbearing age to achieve
pregnancy if desired, avoiding the need for short- or long-term steroid use, allowing
optimal male fertility, and achieving durable clinical response with minimal development
of anti-drug antibodies or primary or secondary loss of response and minimal adverse

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 9
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events (AEs) (infections, malignancy, neurological events, thrombosis, or other
cardiovascular events).

¢ Amongthe unmetneeds are the large proportion of patients undergoing induction
therapy with immunomodulators (e.g., azathioprine) who fail to achieve remission (up to
50%). This includes patients undergoing induction therapy with infliximab, vedolizumab,
adalimumab, or tofacitinib who fail to achieve clinical remission during induction (primary
nonresponse). Secondary loss of response can occur with all of these therapiesand may
be related to the developmentof anti-drug antibodies or breakthrough of the inflammatory
response beyond the targeted mechanism of action.

e The population specified by the approved indication will be the target for treatment with
ustekinumab. Ustekinumab would be most commonly used forinduction of remission and
maintenance therapy as monotherapy.

e According to expert input, failure of response to IV induction at eight weeks (a primary
nonresponse) and secondary loss of response during maintenance therapy could be
considered reasons for reassessing disease activity. If drug antibodies are detected or if
adequate drug levels are identified in the presence of active inflammation on endoscopy,
the drugis provento be ineffective and should be discontinued.

e |V ustekinumab induction is usually given at aninfusion clinic. Close follow-up by
specialists familiar with UC is required, both to monitor clinical response and AEs. It is
unlikely that patienttreatmentresponse will vary among physicians due to the
standardization of doses and the administration intervals, which are usually followed as
they are laid out in clinical trials.

Clinical Evidence

Pivotal Studies and Protocol Selected Studies

Description of Studies

¢ One double-blind randomized controlled trial (RCT), the UNIFI trial, was included in the
review. The study was composed of two phases: aninduction phase and a maintenance
phase. The induction phase included 961 patients randomized to one of three arms:
placebo IV (n = 319), ustekinumab IV (weight-based dosing of approximating 6 mg/kg;
n = 322), or ustekinumab 130 mg (n = 320). All patients received a single administration
of the treatmentthey were randomized to. Patients were evaluated atweek 8 post-
randomization for clinical remission, defined using the Mayo score. Two definitions of
clinical remission were used for all patients, regardless of geographical location, to
accommodate US and global regulatory preferences (US versus outside the US).
Patients who were not in clinical remission atthis stage received an additional single
dose of ustekinumab, either 90 mg SC if they initially received ustekinumab (any dose),
or approximately 6 mg/kg IV if they were initially allocated to placebo.

e Those inthe induction ustekinumab arms (either dose) who responded to induction at
week 8 were eligible to continue to the maintenance phase, as were those in the
induction placebo arm who did not respond at week 8 but responded atweek 16 to
ustekinumab 6 mg/kg IV administered atweek 8. These groups of patients formed the
randomized population of the maintenance phase.

e Patients inthe induction ustekinumab arms who did notrespond at week 8 but responded
atweek 16 (delayed responders) were allowed to continue into the maintenance phase
and continued to receive ustekinumab 90 mg SC every eightweeks. At the sametime,

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 10
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patientsin the placebo arm who were in clinical remission continued to receive placebo
during the rest of the maintenance phase (44 weeks). These patients were grouped into
the non-randomized population of the maintenance phase.

¢ Finally, all patientswho did not respond to ustekinumab at both week 8 and week 16
were excluded from the maintenance phase and were followed up for safety through
week 44,

Efficacy Results

From the induction phase, the groups who received IV ustekinumab 130 mg or 6 mg/kg had
a higher proportion of patients who achieved clinical remission (15.6% and 15.5%,
respectively) than those who received placebo (5.3%) (P < 0.001 for both comparisons) at
week 8 based on the global definition of clinical remission (Mayo score of < 2 points, with no
individual subscore >1). Similar results were reported based on the US definition of clinical
remission (an absolute stool number of <3, a Mayo rectal bleeding subscore of 0,and a
Mayo endoscopy subscore of 0 or 1). Sensitivity analyses supported the robustness of the
primary analyses for both ustekinumab treatmentgroups versus placebo. Pre -specified
subgroups of interestfor this review were: history of conventional therapy for UC, history of
biologics for UC, disease severity, disease extent, and risk of progression. Overall, the
subgroup analyses were consistentwith the primary analysis for the full study population,
with a greater percentage of patients achieving clinical remission at week 8 with
ustekinumab than with placebo.

Other efficacy outcomes of interestfor this review, such as clinical response at week 8,
endoscopic healing, health-related quality-of-life measures, and mucosal healing were
statistically significantlyimproved in the ustekinumab groups compared with placebo
(Table 1).

Of the 961 patients randomly allocated to ustekinumab or placebo in the induction phase,
783 were eligible to enter the maintenance phase, of which 523 were assigned to the
randomized population (due to their response to ustekinumab IV), while 260 patients were
allocated to the non-randomized population because they were late responders or
responded to placebo only. Those in the randomized population were again assigned to
receive SC maintenance injections of ustekinumab 90 mg (eitherevery 12 weeks[n = 172
patients] or every eight weeks [n = 176]), or placebo (n= 175).

In the randomized population of the maintenance phase, the percentage of patients who
had clinical remission (global and US definition) atweek 44 was statistically significantly
higheramong patients assigned to 90 mg of SC ustekinumab every 12 weeks
(approximately 39%) or every eight weeks (approximately 43%) than among those
assigned to placebo (approximately 24.0%) (P = 0.002 and P < 0.001, respectively).
Sensitivity analyses supported the primary analysis. Subgroup analyses were also
generally consistentwith the primary analysis for the full population. However,itwas
reported in UNIFI maintenance thatfor the subgroup by induction treatmentreceived
(ustekinumab 6 mg/kg IV [approximately], 130 mg IV, or placebo IV), there may be a lower
maintenance-treatmenteffecton clinical remission (particularly forthe every 12 weeks
regimen) for patients who had received the 130 mg IV induction treatmentor the placebo IV
induction treatment. The sample sizes for these analyses were relatively small and
estimates were imprecise.

Statistically significantly higher proportions of patients in the ustekinumab groups atweek
44 maintained clinical response, corticosteroid-free remission, and endoscopic healing
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compared with the placebo group. A significantly greater proportion of patients treated with
either dose of ustekinumab compared with placebo also maintained clinical remission to
week 44; however, the difference between groups was only numerically larger in the group
treated with ustekinumab 90 mg every eight weeks.

The data also suggested greaterimprovementin health-related quality of life, mucosal
healing, and productivity with ustekinumab versus placebo. However, these outcomes were
notincluded inthe hierarchical analysis plan and therefore notadjusted for inflated type |
error. There were too few events related to colectomies (three patients treated with placebo
and two patients inthe combined ustekinumab group) upon which to draw conclusions.

Harms Results

There were fewer serious AEs with ustekinumab (combined total of 3.4% and 7.3% for the
two ustekinumab groups) versus with placebo (6.6% and 9.7%) in the induction and
maintenance phases of the UNIFI study, respectively. The higherfrequency in the placebo
group was seemingly driven by a larger percentage of patients reporting UC as an AE,
likely reflecting a lack of efficacy from placebo. Alarger percentage of patientsin the
placebo group (11.6%) withdrew from the maintenance phase due to an AE compared with
those inthe ustekinumab groups (5.1%); no patients withdrew from the induction phase due
to AEs. Through 52 weeks of exposure, there were two deaths (one each from acute
respiratory distress syndrome and hemorrhage from esophageal varices) and seven cases
of cancer (one each of prostate, colon, renal papillary, and rectal cancer, and three non-
melanoma skin cancers) among 825 patients who received ustekinumab, and no deaths
and one case of cancer (testicular) among 319 patients who received placebo.

Table 1: Summary of Key Results

Ustekinumab IV Placebo

Induction study

Combined
N =642

Clinical remission at week 8 (ITT)

Number of patientsin clinical remission 50 (15.6) 50 (15.5) 100 (15.6) 17 (5.3)
(global definition),2n (%)

Percentage difference versus placebo, 10.3 (5.7 to 14.9); 10.2(5.6to 10.2 (6.6 to 13.9); -
(95% CI);> P value® <0.001 14.8); <0.001 <0.001

Number of patientsin clinical remission 53 (16.6) 61 (18.9) 114 (17.8) 20 (6.3)
(US definition),4n (%)

Percentage difference againstplacebo, 10.3 (4.8 to 15.8); 12.7 (7.0 to 11.5(7.0 to 16.0); -
(95% Cl);p P value® <0.001 18.4); <0.001 <0.001

Clinical response at week 8 (ITT)

Number of patientsin clinical response, 164 (51.3) 199 (61.8) 363 (56.5) 100 (31.3)
n (%)

Percentage difference againstplacebo, 19.9 (12.5t0 27.3); 30.5(23.2t0 25.2 (18910 -
(95% CI);® P value® <0.001 37.8); <0.001 31.5); <0.001

HRQoL: Total IBDQ score at week 8°

Baseline total IBDQ score, mean (SD) 126.0(33.1) 127.0(33.3) 126.5(33.2) 127.4(34.5)
Change from baseline in total IBDQ score, 33.4 (32.5) 35.0 (31.9) 34.2 (32.2) 16.1 (31.4)
mean (SD)

P valuef <0.001 <0.001 <0.001 -
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Induction study

HRQoL: EQ-5D scores at week 89"

Ustekinumab IV

Combined
N =642

CADTH

Placebo

Baseline index score, mean (SD)

0.67 (0.204)

0.67 (0.195)

0.67 (0.199)

0.66 (0.208)

Change from baseline in EQ-5D index
score, mean (SD)

0.090(0.182)

0.110(0.172)

0.100(0.177)

0.040(0.182)

Mean difference versus placebo, (95% ClI); 0.050(0.021 to 0.070(0.042 to 0.060(0.035 to -
P value 0.078); P <0.001 0.097); 0.084); P <0.001

P <0.001
Work productivity at week 89
Baseline percentage of worktime missed 18.0 (30.22) 17.7 (29.07) 17.8 (29.59) 19.3 (32.32)
dueto health, mean (SD)
Change from baseline in percentage of -5.9(31.39) -9.1(23.84) -7.6 (27.70) -3.7(30.41)
work time missed due to health, mean (SD)
Mean difference versus placebo to -2.20 (-9.02to -5.4(-11.21to -3.9(-9.37to -
(95% Cl); P value 4.62);0.52 0.41);0.06 1.57);0.16

Patients with = 1 adverse event, n (%) 133(41.4) 160 (50.0) 293(45.7) 153 (48)
Patients with > 1 serious adverse event 12 (3.7) 10 (3.1) 22 (3.4) 21 (6.6)
Seriousinfections, n (%) 2 (0.6) 1(0.3) 3(0.5) 4(1.3)

Maintenance study

90 mg q.12.w.

Ustekinumab SC

Combined

Placebo

Clinical remission at week 44 (ITT)

N=172

N =348

Number of patientsin clinical remission 66 (38.4) 77 (43.8) 143 (41.1) 42 (24.0)
(global definition),2n (%)

Difference againstplacebo, (95% CI); 14.5 (5.5 to 23.6); 19.7 (10.3to 17.1 (9.3 to 24.9); -

P value® 0.002 29.0); <0.001 <0.001

Number of patientsin clinical remission 68 (39.5) 75 (42.6) 143 (41.1) 43 (24.6)
(US definition),9n (%)

Percentage difference against placebo, 15.1 (6.0 to 24.2); 17.9 (8.6 to 16.5 (8.7 to 24.3); -
(95% CI);® P value® 0.002 27.2);<0.001 <0.001

Corticosteroid-free clinical remission at week 44 (ITT)

Number of patients in clinical remission 65 (37.8) 74 (42.0) 139(39.9) 41 (23.4)
(global definition),2n (%)

Difference againstplacebo, (95% CI);° 14.5 (5.5 to 23.6); 18.5(9.3to 16.5 (8.8 to 24.3); -

P value® 0.002 27.8);<0.001 <0.001

Number of patients in clinical remission 65 (37.8) 74 (42.0) 139(39.9) 41 (23.4)
(US definition),9n (%)

Percentage difference against placebo, 14.5 (5.5 to 23.6); 18.5(9.3to 16.5 (8.8 24.3); -
(95% CI);* P value® 0.002 27.8);<0.001 <0.001

Maintenance of clinical response at

week 44 (ITT)
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Maintenance study

90 mg q.12.w.
N=172

Ustekinumab SC

90 mg g.8.w.
N=176

Combined
N =348

CADTH

Placebo

Number of patientsin clinical response, 117(68.0) 125(71.0) 242 (69.5) 78 (44.6)

n (%)

Difference againstplacebo, (95% CI); 235(13.7t0 26.4 (16.61t0 25.0(16.4to -

P value 33.3); <0.001 36.1); <0.001 33.6); <0.001

HRQoL: Total IBDQ score at week 449 (ITT)

Maintenance baseline total IBDQ score:

mean (SD) 175.4(29.75) 174.1(26.76) 174.7 (28.25) 174.3(29.15)

median (IQR) 180.5(155.0to 177.0(159.0 to 178.0(156.0 to 181.0 (153.0 to
200.0) 195.0) 198.0) 197.0)

Change from maintenance baseline in total

IBDQ score:

mean (SD) -3.0 (32.89) 3.9 (31.54) 0.5 (32.36) -15.1 (35.43)

median (IQR) 15(-14.01016.5) | 5.0(-7.01020.0) | 3.0(-11.0t0 18.0) | -7.0 (-40.0 to 8.0)

P valuel <0.001 <0.001 <0.001

Difference againstplacebo, (95% CI);
P value

23.4(12.9610
33.12); < 0.001

27.0 (16.70t0
36.48)

25.2 (16.2210
33.70); < 0.001

HRQoL: EQ-5D index score at

0.008 (0.1656)

0.025 (0.1674)

0.017 (0.166)

-0.048 (0.158)

week 449 (ITT)

Maintenance baseline index score:

Mean (SD) 0.810(0.1563) 0.801 (0.1588) 0.806 (0.1574) 0.820(0.1516)

median (IQR) 0.795(0.726 to 0.795(0.714 to0 0.795(0.721 to 0.837(0.728 to
1.000) 1.000) 1.000) 1.000)

Change from maintenance baseline in
EQ-5D index score:

mean (SD) 0.008 (0.1656) 0.025(0.1674) 0.017 (0.1665) -0.048 (0.1587)

median (IQR) 0(-0.062to 0 (-0.042to 0 (-0.052to -0.019 (-0.163 to
0.107) 0.121) 0.111) 0.031)

Mean difference versus placebo, (95% CI); 0.056 (0.021 to 0.065 (0.030 to 0.065(0.035 to -

P value 0.090); 0.001 0.099); <0.001 0.094); <0.001

Work productivity at week 449 (ITT) -2.0 (22.16) 2.1 (19.07) 0 (20.70) 4.7 (21.83)

Maintenance baseline % of work time

missed due to health, mean (SD) 9.4 (25.65) 2.8 (8.56) 6.1(19.33) 6.5(17.13)

median (IQR) 0(0.0t0 0.0) 0(0.0t0 0.0) 0(0.0t0 0.0) 0 (0.0 t0 0.0)

Change from baseline in % of work time

missed due to health:

mean (SD) -2.0 (22.16) 2.1 (19.07) 0.0 (20.70) 4.7 (21.83)

median (IQR) 0(0.0t0 0.0) 0(0.0t0 0.0) 0(0.0t0 0.0) 0 (0.0 t0 0.0)

Mean difference versus placebo, (95% ClI); -6.7 (-12.92to -2.6 (-8.36to -4.7 (-9.83 to -

P value -0.47);0.03 3.16);0.374 0.43);0.072

Patients with 2 1 adverse event, n (%)

119 (69.2)

253 (76.0)

372(73.7)

209 (75.5)
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Maintenance study

90 mg q.12.w.
N =172

Ustekinumab SC

90 mg g.8.w.
N=176

Combined
N =348

CADTH

Placebo

Patients with = 1 serious adverse event, 13 (7.6) 26 (7.8) 39 (7.7) 24 (8.7)
n (%)

Seriousinfections, n (%) 6 (3.5) 5(1.5) 11 (2.2) 5(1.8)
Malignancies, n (%) 1(0.6) 1(0.3) 2 (0.4) 1(0.4)

ANCOVA = analysis of covariance; Cl = confidence interval; EQ-5D = EuroQol 5-Dimensions; HRQoL = health-related quality of life; IBDQ = Inflammatory Bowel Disease
Questionnaire; IQR = interquartile range; ITT = intention to treat; g.8.w. = every eight weeks; g.12.w. =every 12 weeks; SC = subcutaneous; SD = standard deviation;
VAS = Visual Analogue Scale.

#Mayo score of < 2 points with no individual subscore > 1.

° The Cls were based on the Wald statistic with Mantel-Haenszel weight.

¢ The P values were based on the Cochran-Mantel-Haenszel test.

9 An absolute stool number of < 3, a Mayo rectal bleeding subscore of 0, and a Mayo endoscopy subscore of 0 or 1.

€ Outcome was outside the statistical testing hierarchy for US-based analyses.

T ANCOVA on the van der Waerden normal scores with baseline IBDQ score, biologic failure status, region, and group as covariates.
9 Outcome was outside the statistical testing hierarchy.

" Cochran-Mantel-Haenszel chi-square (row mean scores) test stratified by biologic failure status and region.

! ANCOVA on the van der Waerden normal scores with the respective baseline value, clinical remission status at maintenance baseline, induction treatment, and
maintenance treatment group as covariates.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.

Critical Appraisal

e QOverall, the risk of biaswas low for the included trial, with no limitationsin the
randomization process, blinding, differences in baseline characteristics, or assessment of
outcomes. No major limitations were noted in the attrition rate of patients throughoutboth
phases of the study. In terms of the external validity,one concern was the number of
patients (157 out of 233 [67%]) who initially did not respond in the induction study at
week 8 and received a second dose of ustekinumab SC 90 mg and responded atweek
16. The clinical expertconsulted by CADTH indicated the proportion of delayed
responders seemed high and, in clinical practice, clinicians may optto administer a
second dose of ustekinumab to induce remission.

Indirect Treatment Comparisons
Description of Studies

One systematic review and network meta-analysis (NMA) of indirecttreatmentcomparisons
(ITCs) wasincluded.

Efficacy Results

This synthesis assesses the efficacy of ustekinumab indirectly compared with other
interventions, namely, infliximab, adalimumab, vedolizumab, ustekinumab, golimumab,
tofacitinib, and placebo. It evaluates three outcomes — clinical remission, clinical response,
and mucosal healing —in patients considered biologic and non-biologic failures, and also
in the induction and maintenance phases of drug administration. Based on the NMA of the
induction phase, ustekinumab had higher odds of clinical response, clinical remission, and
mucosal healing againstplacebo and adalimumab (in biologic and non-biologic failure
patients for clinical response, butonly in biologic failure patients for clinical remission and
mucosal healing). For the rest of the comparisons, ustekinumab either did notincrease or
decrease the odds of any of these outcomeswhen compared with infliximab, vedolizumab,
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golimumab, and tofacitinib. In the maintenance phase, ustekinumab had higher odds of
clinical response in non-biologic failure patients when compared with adalimumab,
golimumab, tofacitinib, and placebo butnot againstvedolizumab, while in the biologic
failure patients, it was only better than placebo. For clinical remission, ustekinumab
provided higher odds againstgolimumab, adalimumab, and placebo in the non-biologic
failure group (butnot againstvedolizumab, infliximab, or tofacitinib); while in the biologic
failure patients, ustekinumab was only better than placebo. Lastly, ustekinumab had higher
odds of mucosal healing in non-biologic failure patients than adalimumab, golimumab, and
placebo, but it was no better than infliximab, tofacitinib, and vedolizumab.

Harms Results
The ITC submitted and evaluated did notinclude an assessmentof the AEs.
Critical Appraisal

This systematic review and NMA of ITCs were performed underthe Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) report checklist. The search
strategy was properly conducted based on a protocol and statementof animportantclinical
guestion. The review was well performed in terms of an adequate search and the extraction
and analysis of data. However, the limitations of the NMA include uncertainty aboutthe
effectestimates, particularly for the one-year outcomes, mostly due to concerns of
heterogeneity, intransitivity, and uncertainty due to the use of multiple assumptions of the
imputation process, and overestimated precision for reported comparisons, although a
multiple-imputation sensitivity analysis was performed for clinical response in non-biologic
failure patients who, overall, showed the same conclusions. Finally, individual studies had a
moderate risk of bias, with concerns from the randomization process, unclear blinding, and
unbalanced dropoutrates with no intention-to-treat (ITT) analysis.

Conclusions

Based on one trial, ustekinumab is more effective than placebo forinducing and
maintaining clinical remission and clinical response, maintaining a corticosteroid-free
remission, and inducing and maintaining endoscopic healing in patients who have
moderate-to-severe UC despite currentor previous treatmentwith conventional or biologic
therapy.

Based on one review of ITCs, although with better odds for all outcomes when compared
with placebo, ustekinumab had no clear superiority over other common comparators with
the same indication, although there is still uncertainty due to inconsistency in the body of
evidence and risk of bias that decreases our confidence in this result.

Although AEs were not differentbetween ustekinumab and placebo, the number of events
were low and more long-term studies are needed to assess possible harms.
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Introduction

Disease Background

UC is a chronic IBD that involves inflammation of the mucosae of the large intestine,
starting distally in the rectum and with variable levels of proximal extension into the colon.
Although it may affectany age group, its onsetis usually during young adulthood, peaking
between 15 and 30 years of age .34

UC has a worldwide distribution, albeitwith a predominance in high-income Western
countries, with a global incidence of 1.2to 20.3 cases per 100,000 persons per year, and a
prevalence of 7.6 to 246.0 cases per 100,000 peryear.> Canadais amongthe countries
with the highestincidence and prevalence of IBD, with approximately 270,000 Canadians
living with UC or Crohn disease. The incidence of UC in different Canadian provinces
ranges from 8.4 to 21.4 cases per 100,000 people.®

The risk of death from UC is increased within the first year after diagnosis but, beyond that
point, patientsremain atthe same risk as the general population.” The diagnosis of UC
implies aburden for patients, families, and health care systems, as it affects quality of life in
differentdomains, including school, work, and social interactions. Increasing costs within
the health care system is also an issue. In Canada, approximately $1.2 billion is spent
annually by the health care system in patients with IBD, while there is an estimated indirect
cost to society of nearly $1.5 billion in domains such as loss of work and productivity,
disability coverage, and premature retirementor death.8°

The etiology of UC is not completely understood, although evidence of the role of genetic
and environmental factors, as well as correlations between UC and the microbiota, is
accumulating.®

Symptoms start gradually in mostcases, with following periods of spontaneous remissions
and relapses. Bloody diarrhea with or withoutmucusis the mostcommon initial
manifestation. Depending on the extension and severity of disease, symptoms, beside
frequentevacuations with blood and mucus, can include urgency or tenesmus, fever,
abdominal pain, and weightloss.>° Prognosisis usually good, with the majority of patients
not needing a colectomy and remitting within the first decade.*

Severity of disease may be defined differently, depending on the index or score used, for
example, the Mayo Clinic score or the Montreal classification. The extent of endoscopic
disease has been categorized as proctitis (distal to the rectosigmoid junction or within 18
cm of the anal verge), left-sided colitis (extending anywhere from the sigmoid to the splenic
flexure), or extensive colitis (extending beyond the splenic flexure).1?

Standards of Therapy

Currentguidelines suggestassessing the level of clinical activity or severity (mild,
moderate, severe) as well as the extension (proctitis, left-sided colitis, or pancolitis).1213
The goalis to obtain a sustained remission free of steroids and with proper supportfor
managing other domainsto increase quality of life, such as psychosocial support,and
understanding the patient’s own values and preferences, emphasizing the prevention of
morbidity due to surgery or hospitalization.?
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First-line treatments for inducing remission include either orally or rectally administered
sulfasalazine and 5-aminosalicylates (mesalamine, olsalazine, and balsalazide). Half of
patients are expected to enter remission within two weeks. Rectal administration of 5-
aminosalicylates or glucocorticoid are considered only for patients who have distal disease
(e.g., proctitis).® If mild-to-moderate left-sided or extensive UC is present, a mixture of rectal
and oral 5-aminosalicylates can be used, with escalating doses of oral 5-aminosalicylates.
Next steps for patients with poor response to rectal therapies and 5-aminosalicylates
include oral glucocorticoids orimmunosuppressive drugs, such as azathioprine or 6-
mercaptopurine, as second-line therapy to induce complete remission. Glucocorticoids can
also be considered first-line therapy if patients start with moderate-to-severe active UC.5*?
Patients who continue to require glucocorticoids atthis step are considered to have
moderate-to-severe active UC and are candidates to receive vedolizumab or anti—tumour
necrosis factor (anti-TNF) therapy to induce complete glucocorticoid-free remission.
Vedolizumab (an a4B7 inhibitor), anti-TNF therapies (infliximab, adalimumab, golimumab),
and tofacitinib (a selective Janus kinase inhibitor) are part of the group of medications
collectively known as biologics and are considered immune-modifying therapies for the
induction or maintenance of remission for patients with UC.

Drug

Ustekinumab isa human monoclonal antibody designed to interfere with the interleukin
pathways in the pathogenesis of inmune-modulated conditions (specifically, interleukin-12
and interleukin-23). It has been approved by Health Canada for the treatment of adults with
chronic moderate-to-severe plaque psoriasis who are candidates for systemic therapy or
phototherapy and for the treatmentof adult patients with active psoriatic arthritis, and for the
treatmentof adult patients with Crohn disease.**1®

The current indication underreview is for the treatmentof adult patients with moderately to
severely active UC who have had aninadequate response to, lost response to, or were
intolerantto either conventional therapy or a biologic or have medical contraindications to
such therapies. The recommended dosage of ustekinumab for the induction of remission of
UC is as a single IV dose based on body weight (approximating 6 mg/kg). Maintenance
dosing using 90 mg SC should be administered eightweeks after the IV induction dose,
then every eight weeks thereafter. For some patients (e.g., “those with low inflammatory
burden,” per the productmonograph), an alternative maintenance regimen of ustekinumab
90 mg SC every 12 weeks may be administered atthe discretion of the treating physician.
Patients who respond inadequately to 90 mg SC dosing every 12 weeks may be switched
to receive the drug every eight weeks. Immunomodulators and corticosteroids may be
continued during treatmentwith ustekinumab. The productmonograph approved by Health
Canadarecommendsthatconsideration be given to discontinuing treatmentin patients who
show no evidence of therapeutic benefit 16 weeks after the IV induction dose. It also
recommends that, in patients who have responded to treatmentwith ustekinumab,
corticosteroids may be reduced or discontinued in accordance with standard of care. The
productmonograph notes that ustekinumab should be used only by physicians who have
enough knowledge of the indication for which itis being considered (e.g., UC) and who
have fully familiarized themselves with the efficacy and safety profile of the drug.

Ustekinumab has been previously reviewed by CADTH through the CADTH CDR process.
First, forthe treatment of adults with chronic moderate-to-severe plaque psoriasiswho are
candidates for systemic therapy or phototherapy, and for the treatmentof adult patients with
active psoriatic arthritis, alone orin combination with methotrexate. The former CADTH
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Canadian ExpertDrug Advisory Committee (CEDAC) recommended thatustekinumab be
reimbursed for patients with severe, debilitating psoriasis with clinical criteria. 6 Later, the
CADTH Canadian Drug Expert Committee (CDEC) recommended thatustekinumab notbe
reimbursed atthe submitted price for the treatmentof psoriatic arthritis!” and, more
recently, CDEC recommended thatustekinumab be reimbursed for the treatment of adult
patients with moderately to severely active Crohn disease who have had aninadequate
response to, loss of response to, or were intolerantto either immunomodulators or one or
more TNF-alpha antagonists, or who have had an inadequate response to, an intolerance
to, or demonstrated dependence on corticosteroids, following clinical criteria.®

The key characteristics of the drug and other main comparators are presented in Table 2.
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Table 2: Key Characteristics of Ustekinumab and Main Comparators

Mechanism of
Action

Human IgG1 monoclonal
antibody that neutralizes
cellular responses mediated

Anti-TNF. IgG1k
monoclonalantibody
that neutralizes the

IgG1 monoclonal
antibody thatbinds
to the human o437

Anti-TNF.Human
monoclonalantibody
that binds to human

Selective Janus
kinase inhibitor.
Blocks several

Anti-TNF.Human IlgG1
monoclonalantibody
that binds specifically to

dose (~6 mg/kg): 250 mg
forthose weighing <55 kg,
390 mg forthose weighing
>55kg to <85kg, or

520 mg forthose weighing
> 85kg.

weeks, followed by
5 mg/kg every eight
weeks thereafter.

infusion at0, 2,
and 6 weeks, and
then every

8 weeks thereafter.

subcutaneous injection
atweekO, followed by
100 mg atweek 2 and

then50 mg every

4 weeks thereafter.

by IL-12 and IL-23. biological activity of integrin, acting as TNF (p55orp75 cytokine pathways TNF alpha and blocks its
TNF alpha by a gut-selective receptors). and lymphocyte interaction with the p55
specifically bindingto | anti-inflammatory activation. and p75 cell surface
its receptors. biologic. TNF receptors.
Indication® Treatmentof adultpatients Induction and Treatmentofadult | To induce and For the treatment of For the treatment of
with moderately to severely | maintenance of patients with maintain clinical adult patients with adult patients with
active UCwho have hadan | clinical remissionand | moderately to response in adult moderately to moderately to severely
inadequate response to, mucosal healing,and | severelyactive UC | patientswith severely active UC active UC who have had
lostresponse to, or were reduction or who have had an moderatelyto severely | withaninadequate aninadequate response
intolerantto either elimination of inadequate active UC who have response, loss of to conventional therapy,
conventional therapy ora corticosteroid use in response, loss of had an inadequate response to, or including corticosteroids
biologic, or have medical adultpatients with response to, or responseto orhave intoleranceto either | and/orazathioprineor
contraindications to such moderately to were intolerantto medical conventional UC 6-MP, orwho are
therapies. severely active UC either conventional | contraindications for therapyora intolerantto such
who have had an therapy or conventional therapy, TNF alpha inhibitor. therapies.
inadequate response | infliximab, a including
to conventional TNF alpha corticosteroids, amino
therapy. antagonist. salicylates,
azathioprine, or 6-MP.
Route of Intravenous induction Intravenous Intravenous Subcutaneous Oral Subcutaneous
Administration followed by subcutaneous
formaintenance
Recommended Induction: IV infusion of Induction dose of 300mg 200 mginitially Tofacitinibtablets, 160 mg atweekO,
Dose single-use weight-based 5 mg/kgat0,2,and6 | administeredby IV | administeredby 10 mg (astofacitinib | followed by 80 mg at

citrate) orally twice
daily.

week 2 administered by
subcutaneousinjection.
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Ustekinumab

Infliximab

Vedolizumab

Golimumab

Tofacitinib

CADTH

Adalimumab

Maintenance: SC injection
of 90 mg every 8 or
12 weeks.

Serious Adverse
Effects or Safety
Issues

Immunomodulating drugs
have the potential to
increase the risk of

infections and malignancy.

No clinically significant
differences have been
foundinterms of
malignancies.

Infections and
malignancies have
been observedin
patients receiving
infliximab.

Infectionsand
malignancies are
reported in patients
taking vedolizumab
butno clinically
significant
differences have
been found.

Upperrespiratory
infectionsand
reactions atthe site of
injection, butno
clinically significant
differences with
placebo.

Canincrease therisk
of thromboses
(pulmonary and deep
vein thrombosis).

Increased risk of
serious infections,
includingherpes
zoster infections.

Seriousinfections
(pneumonia),
malignancies, and
neurologic events have
been reported more
frequently in patients
taking adalimumab.

Other

Notrecommended in
combinationwith
biological UC
therapies or with
potent
immunosuppressants
such as azathioprine
and cyclosporine.

6-MP = 6-mercaptopurine; Ig = immunoglobulin; IL = interleukin; JAK = Janus kinase; TNF = tumour necrosis factor; UC = ulcerative colitis.

2Health Canada-approved indication.

Source: Product monographs of ustekinumab (Stelara),’ infliximab (Remicade),? vedolizumab (Entyvio),* golimumab (Simponi),? tofacitinib (Xeljanz),?* and adalimumab (Humira

).25
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Stakeholder Engagement

Patient Group Input
This section was prepared by CADTH staff based on the inputprovided by patientgroups.

Two patientgroups responded to CADTH’s call for patientinput for the ustekinumab
(Stelara) submission for UC: Crohn’s and Colitis Canada and the Gastrointestinal Society.

Crohn’s and Colitis Canada is a national, volunteer-based charity with more than 65,000
supporters. The organization aimsto support research for IBDs and improve the lives of
affected adults and children by providing supportand information on treatments, research,
and quality-of-life issues. Since 1974, it has received investments totalling more than $122
million. A medical science liaison from the sponsor of Stelara (Janssen) provided a briefing
to Crohn’s and Colitis Canada explaining the mechanism of action of ustekinumab. Crohn’s
and Colitis Canada also solicited help from Canadian gastroenterologists to identify patients
who have had experience taking ustekinumab. Over the last two years, the organization
has received between $5,000 and $10,000 from Roche, and in excess of $50,000 from
Pfizer Canada, Janssen, AbbVie, Merck, and Takeda.

The Gastrointestinal Society is an organization committed to helping individuals with
gastrointestinal and liver conditions by supporting research, advocating for patientaccess

to health care, and promoting overall gastrointestinal and liver health. The organization
informs Canadians through differentchannels such as newsletters, lectures, and websites
in both English and French. The Gastrointestinal Society also holds support group meetings
forthose recently diagnosed as well as for individuals who have been living with a
gastrointestinal condition for years. Its staff and advisors work closely with health care
professionals, other patientgroups, and government. The Gastrointestinal Society indicated
itdid not receive any outside help in preparing this submission. The organization has
received more than $50,000 from Janssen over the last two years.

Crohn’s and Colitis Canada provided information from its own website and databases, such
as its 2018 report, Impact of Inflammatory Bowel Disease in Canada. This information also
included data from a national online survey conducted in 2011 that included inputfrom 430
respondentsliving in Canada, plus responses from a series of interviews and surveys of

13 Canadian patients being treated with Stelara. The Gastrointestinal Society used two
guestionnaires to survey 565 Canadians with IBD. The Gastrointestinal Society also had
contact with patients affected by IBD through one-on-one conversations atthe BadGut
lectures and patientroundtables, and through phone, email, and social media interactions.

Patients from both groups describe UC as a disabling, lifelong gastrointestinal condition that
primarily affects working-age Canadians. Symptoms associated with UC include bloody
diarrhea, bloating, abdominal pain, cramping, and fatigue. Individuals with UC are at an
increased risk of colon cancer. Patient groups often describe experiences of isolation,
anxiety, and debilitating, frequent, and urgentbowel movements. Results from Crohn’s and
Colitis Canada’s 2011 survey indicated that 73% of respondents affected by an IBD
experience 5to 20 or more bowel movements a day. During periods of active disease,
patients report spending a lot of time in the bathroom and, even in periods of remission,
they have to stay neara bathroom. One respondentstated, “When you have to goto the
washroom 20times aday, it impacts everything that you do.” Another patientexpressed,
“When the disease takes control of your body, you feel very tired. When my large bowel is
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affected, | get bloody diarrhea quick and practically live in the bathroom. It plays havoc with
my head, | can’t sleep,and | get headaches and other problems asaresult.” The patient
group added that individuals with UC mustlimittheir activities sometimes because of the
stigma associated with an IBD. Declared one patient: “You simply can’tlead a normal life of
working and going to the office.” Overall, the Gastrointestinal Society described thisas a
chronicdisease, one where there is a constant concern regarding future and possibly worse
and unpredictable flares, many times disrupting patients’ lives.

First-line treatments for UC include anti-inflammatory drugs such as 5-aminosalicylates and
corticosteroids to control disease flares. Nonresponders and more severe cases of UC are
treated with second-line treatments such as immunomodulators orimmunosuppressants.
Third-line treatmentincludes biologics such as anti-TNF drugs. While currenttreatments
are often effective in patients with moderate colitis, they fail to maintain remission for those
with severe colitis.

Patients often seek treatmentoptions that can reduce or eliminate their symptoms.
Additionally, patients would like a treatmentthat can protect their ability to work
productively, attend school and social events, and perform basic day-to-day activities. The
patientgroups report that some of these treatments, such as steroids, can have negative
impacts associated with long-term use. According to the Gastrointestinal Society, only 28%
of patients thoughtthe available medications were adequate, while 54% found them to be
somewhatadequate, and 18% said they were not adequate. The patientgroups reportthat
patients are still suffering and require new and effective options to achieve mucosal healing
and decrease debilitating symptoms.

According to Crohn’s and Colitis Canada, patients being treated with Stelara found the drug
to be convenientand easy to use. Most patients were pleased with not having to travel to a
clinicto administerthe medication, providing them with the ability to live a normal life, with
some reporting that Stelara “has been the difference between notreally living and living.”

Patients interviewed by the Gastrointestinal Society noted that ustekinumab hasthe
potential to improve health and quality of life. One patientstated, “It is always good to have
hope that there is another option out there for treatment. It is scary when you are running
out of options and when whatever you are on is not working.” Patients are hoping for
treatmentoptions that can mitigate their symptom s and protect their ability to work, attend
school and social events, and perform basic day-to-day activities. Many patients
interviewed considered frequency and urgency of bowel movements to be the most
importantsymptom to control. “The simple ability to live life,” one patientsaid, is the most
importantaspectof potential treatmentis to achieve remission for the longestperiod
possible. Moreover, patients would like a more convenient form of administrating
treatments, such as self-injection ratherthan IV infusionsin the clinic. One patientreported
being frightened to self-injectbutwould “gladly acceptit’ for better convenience.

Given that allindividuals respond differently to treatment, the submissions noted itis
importantthat patients have a variety of treatmentoptions available. Moreover, inadequate
access to medication can resultin patientsuffering and excess usage of health care
resources.
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Clinician Input

All CADTH review teams include at least one clinical specialistwith expertise in the
diagnosis and managementof the condition for which the drug s indicated. Clinical experts
are a critical part of the review team and are involved in all phases of the review process
(e.g., providing guidance on the development of the review protocol, assisting in the critical
appraisal of clinical evidence, interpreting the clinical relevance of the results, and providing
guidance on the potential place in therapy). The following inputwas provided by one clinical
specialistwith expertise in the diagnosis and managementof IBD, specifically, UC.

Description of the Current Treatment Paradigm for the Disease

The prevalence of UC in Canadaisamong the highestin the world (0.4%). Over the past
15 years, the incidence has beenrising, particularly in children. More than 4,500 new cases
of UC are now diagnosed annuallyin Canada.?

UC can present as mild, moderate, or severe disease. Mild symptomsinclude minor
diarrhea and trivial rectal bleeding. Moderate symptoms include significantdiarrhea and
significantrectal bleeding. Severe colitis can presentwith tachycardia, fever, volume loss
from severe diarrhea, and anemia, often requiring hospitalization. The degree of disease
activity can be objectively assessed using validated clinical criteria (e.g ., partial Mayo
score). Endoscopic criteria can also be used to assess disease activity with the endoscopic
Mayo score. Other markers of disease activity include C-reactive protein (CRP) as well as
fecal calprotectin levels.

Treatment Goals

Treatmentforactive UC involves an induction phase as well as long-term maintenance.
Active disease is likely to relapse. Mild disease is usually managed with oral or rectally
administered 5-aminosalicylate products. Moderate-to-severe disease requires escalation
of therapy, including periodic steroid therapy for rapid relief of symptoms as required.
Immunomodulatory therapy with azathioprine and methotrexate can be used for moderate
disease for steroid sparing and prevention of disease relapse. Patients relapsing and
requiring frequentcourses of steroids or resistantto immunomodulatory therapy require
escalation to biologic therapy (infliximab, golimumab, adalimumab, vedolizumab).

The goal of medical treatmentfor moderate-to-severe UC is beyond symptom remission. It
ideally should include endoscopic and histologic healing of colonic inflammation. Patients
who do not achieve both clinical and endoscopic remission are atincreased risk for
symptom relapse as well as the need for surgery, and possible increased long-term risk for
the development of colorectal cancer. Specific goals of UC treatmentinclude:

e improving symptoms

e improving quality of life

¢ achieving mucosal and histologic remission

e reducing the risk for future symptomatic relapse

¢ avoiding the need for colectomy and end ileostomy or ileal pouch-anal anastomosis
e preventing the developmentof colorectal cancer

¢ allowing women of childbearing age to achieve pregnancy, if desired

e avoiding requirementfor short- or long-term steroid use
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¢ allowing optimal male fertility

¢ achieving durable clinical response with minimal development of anti-drug antibodies or
primary or secondary loss of response and minimal AEs (infections, malignancy,
neurological events, thrombosis, or other cardiovascular events).

Unmet Needs

Amongthe unmetneedsthat clinicians and patients currently face is that a significant
proportion of patients undergoing induction therapy withimmunomodulators

(e.g., azathioprine) fail to achieve remission (up to 50%). In patients undergoing induction
therapy with infliximab, vedolizumab, adalimumab, or tofacitinib, failure to achieve clinical
remission during induction (primary nonresponse) can occur in up to 50% of patients.
Secondary loss of response can occur with all of these therapiesand may be related to the
developmentof anti-drug antibodies or breakthrough of the inflammatory response beyond
the targeted mechanism of action.

For IV formulations of biologic medications, patients are required to attend infusion clinics.
This may not be desirable or possible for patients who either live in remote locations or are
required to travel away from their place of residence forwork. An SC or oral medication
would likely be valuable for these individuals.

There is a lack of data on the safety profile of some biologic medications in relation to
pregnancy and lactation and use by elderly patients, those with pre-existing cardiovascular
disease (for certain biologic medications), and those who have had previous malignancies
now in remission (e.g., breast cancer, skin cancer).

Place in Therapy

Ustekinumab is atreatmentfor induction of remissionin active UC as well as a long-term
maintenance drug.

To date, there is scarce evidence regarding dual therapy with ustekinumab and an
immunomodulator such as azathioprine forinduction of remission or maintenance.
Therefore, ustekinumab would be mostcommonly used forinduction of remission and
maintenance therapy as monotherapy. Ustekinumab is likely to be used in accordance with
the indication. However, where ustekinumab fits in the overall armamentarium of treatments
for moderate-to-severe UC in clinical settings remains to be determined. It may be
reasonable to use ustekinumab as a second-line therapy after failure of alternative
treatments (e.g., infliximab) orwhen there has been a primary or secondary loss of
response.

Patient Population

Patients best suited to ustekinumab therapy are those with UC with moderate-to-severe
symptom and endoscopic scores, patients who have failed steroid induction, and patients
who have failed immunomodulator therapy or other biologic therapies (e.g., infliximab).

Ustekinumab is bestsuited for patients with moderate-to-severe UC identified by the Mayo
score, the endoscopic Mayo score, and ancillary lab testing (e.g., elevated CRP and fecal
calprotectin levels).
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Least suitable patients would be those with mild symptoms of UC, those in hospital with
severe disease, those with active malignancy or active infection (e.g., tuberculosis), and
pregnantwomen, due to limited safety data.

Assessing Response to Treatment

The parameters used in clinical practice to assess response to treatmentinclude a
decrease in the Mayo score (clinical remission defined as a partial Mayo score of < 2),
complete mucosal healing identified endoscopically (endoscopic Mayo score of 0), CRP
level and fecal calprotectin level returning to normal, and the overall improvementin the
patient’s quality of life.

It is unlikely that treatmentresponse will vary across physicians due to the standardization
of the doses and administration intervals, which are usually followed as they are laid outin
clinical trials.

According to expertinput,the assessmentof response to the induction dose of
ustekinumab depends on the treatmentand severity of UC but may occur between four and
eightweeks after the initiation of induction treatment. For ustekinumab, assessmentwill
occur at the week 8 post-induction dose. The clinical expertnoted that, for some patients,
there appearsto be a delay in achieving remission atweek 8 during induction. In practice,
treating physicians may opt to wait another four to eight weeks for these patientsto achieve
induction remission. The decision in practice to wait to see whether a delayed response
occurs would depend on many factors (see next paragraph). Following remission on
induction, patients should be assessed at least annually. Patients should be seen and
evaluated promptly for symptoms thatsuggesta secondary loss of response.

Discontinuing Treatment

Failure of response to IV induction (at eightweeks), i.e., a primary nonresponse, and
secondary loss of response during maintenance therapy would be considered reasons for
reassessing disease activity. If the symptom score worsens or if the endoscopic score
worsens along with corroborating evidence of inflammation, such as elevated CRP or
increased fecal calprotectin, levels of the drug and drug antibodies should be obtained. If
drug levels are sub-therapeutic (trough drug levels), without the developmentof drug
antibodies, dose escalation (shortening the injection interval) should be carried out. If drug
antibodies are detected or if adequate drug levels are identified in the presence of active
inflammation on endoscopy, the drug is proven to be ineffective and should be
discontinued.

Prescribing Conditions

IV ustekinumab induction is usually given at an infusion clinic. SC injections can be
administered athome and require minimal training. Administration of ustekinumab is
complex. Close follow-up by specialists familiar with UC is required, both to monitor clinical
response and AEs. These patients should be followed by a physician skilled in the
administration of this drug (e.g., gastroenterologist).
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Clinical Evidence

The clinical evidence included in this review of ustekinumab is presented in three sections.
Section 1, the systematic review, includes pivotal studies provided in the sponsor’s
submissionto CADTH and Health Canada, as well as those studies that were selected
according to an a priori protocol. Section 2 includesindirectevidence from the sponsor and
indirectevidence selected from the literature thatmetthe selectioncriteria specified in the
review. Section 3 includes additional relevant studies thatwere considered to address
importantgapsinthe evidence included in the systematic review.

Systematic Review (Pivotal and Protocol Selected Studies)

Objectives

To perform a systematic review of the beneficial and harmful effects of ustekinumab IV
infusion (induction phase) and SC injection (maintenance phase) for the treatmentof adult
patients with moderately to severely active UC who have failed orwere intolerantto
treatmentwith immunomodulators or corticosteroids — but never failed treatmentwith a
biologic —or have failed or were intolerantto treatmentwith a biologic.

Methods

Studies selected for inclusion in the systematic review include pivotal studies provided in
the sponsor’s submissionto CADTH and Health Canada, as well as those meeting the
selection criteria presented in Table 3.

The literature search for clinical studies was performed by an information specialistusing a
peer-reviewed search strategy according to the PRESS (Peer Review of Electronic Search
Strategies) checklist (https://www.cadth.ca/resources/finding-evidence/press).?’

Published literature was identified by searching the following bibliographic databases:
MEDLINE All (1946-) through Ovid, Embase (1974-) through Ovid, and PubMed. The
search strategy comprised both controlled vocabulary, such as the National Library of
Medicine’s MeSH (Medical SubjectHeadings), and keywords. The main search concepts
were Stelara and UC. Clinical trial registries were searched: the US National Institutes of
Health’s clinicaltrials.gov and the World Health Organization’s International Clinical Trials
Registry Platform search portal. No filters were applied to limitthe retrieval by study type.
Retrieval was not limited by publication date or by language. Conference abstracts were
excluded from the search results. See Appendix 2 for the detailed search strategies. The
initial search was completed on September 10,2019. Regular alerts updated the search
until the meeting of CDEC on January 15, 2020. Grey literature (literature that is not
commercially published) was identified by searching relevantwebsites from the following
sections of the Grey Matters: A Practical Tool For Searching Health-Related Grey Literature
checklist (https://lwww.cadth.ca/grey-matters):?® Health Technology Assessment Agencies,
Health Economics, Clinical Practice Guidelines, Drug and Device Regulatory Approvals,
Advisories and Warnings, Drug Class Reviews, Clinical Trials Registries, and Databases
(Free). Google was used to search for additional internet-based materials. These searches
were supplemented by reviewing bibliographies of key papers and through contacts with
appropriate experts. In addition, the sponsor of the drug was contacted forinformation
regarding unpublished studies. See Appendix 2 formore information on the grey literature
search strategy.
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Table 3: Inclusion Criteria for the Systematic Review

Patient population Adults with moderately to severely active ulcerative colitis who:

¢ have failed orwere intolerantto treatmentwith immunomodulators or corticosteroids butnever failed
treatmentwith a biologic

or

* have failed orwere intolerantto treatmentwith a biologic.

Subgroups:

o Patients experienced with previous (versus no previous) conventional therapy
o Patients experienced with previous (versus no previous) anti-TNF drugs

o Disease severity (e.g., moderate versus severe)

o Disease extent (extensive versus limited colitis)

o Low versus high-risk of progression

Intervention Ustekinumab. Induction: solution for a single intravenous tiered dose based on body weight
(approximately 6 mg/kg). Maintenance: subcutaneousinjection of 90 mg (90 mg/1.0 mL vial) starting
8 weeks after the intravenous dose and then every 8 weeks thereafter.

Adalimumab

Golimumab

Infliximab

Tofacitinib

Vedolizumab

Conventional therapy: any combination of aminosalicylates, corticosteroids, and immunomodulators.

Comparators

Outcomes Efficacy outcomes:
e Clinical remission?(global definition®), including corticosteroid-free clinical remission
e Clinical response?¢
¢ Health-related quality of life2
e Need forcolectomy
e Mucosal healing determined by histology or endoscopy
¢ Productivity?

Harm outcomes:
AEs, SAEs, WDAEs, mortality

Notable harms and harms of special interest: thrombosis (any type), hypersensitivity (anaphylaxis and/or
angioedema), seriousinfections (including herpes zoster), malignancy, major cardiovascular event.

Study design Published and unpublished phase Illland IV RCTs

AE = adverse event; HRQoL = health-related quality of life; RCT = randomized controlled trial; SAE = serious adverse event; WDAE = withdrawal due to adverse event.
2These outcomes were identified as being of importance to patients in the input received by CADTH from patient groups.
 Mayo score of < 2 points with no individual subscore > 1.

¢ Adecrease from baseline in the Mayo score of 230% and 2 3 points, with either a decrease from baseline in the rectal bleeding subscore of =1 point or a rectal
bleeding subscore of 0 or 1.

The literature search was performed by an information specialistusing a peer-reviewed
search strategy.

Two CDR clinical reviewers independently selected studies forinclusion in the review
based on titles and abstracts, according to the predetermined protocol. Full-textarticles of
all citations considered potentially relevantby at leastone reviewer were acquired.
Reviewersindependently made the final selection of studies to be included in the review,
and differences were resolved through discussion.
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Findings From the Literature

From the literature, we identified one study?® that was subdivided into two reports, one for
each phase of the study,*? for inclusion in the systematic review (Figure 1). The included
study and each phase of the study are summarized in Table 4. A list of excluded studiesis

presented in Appendix 2.

Figure 1: Flow Diagram for Inclusion and Exclusion of Studies

Citations identified
in literature search
N =167

Potentially relevant reports
from other sources
N=3

Potentially relevant reports
identified and screened
N =167

Total potentially relevant reports identified and screened
N=2

Reports excluded
N=1

Reports included
N=1
Presenting data from 1 unique study
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Table 4: Details of Included Studies

| ’ UNIFI induction

CADTH

UNIFI maintenance

US, Austria, Belgium, Bulgaria, Czech Republic,
Denmark, France, Germany, Hungary, Israel, ltaly,
Netherlands, Poland, Romania, Russia, Serbia,
Slovakia, UK, Ukraine

Study Design Double-blind, parallel-group, placebo-controlled Double-blind, parallel-group, placebo-controlled
RCT RCT
Locations Australia, Canada, Japan, Korea, New Zealand, Australia, Canada, Japan, Korea, New Zealand,

US, Austria, Belgium, Bulgaria, Czech Republic,
Denmark, France, Germany, Hungary, Israel,
Italy, Netherlands, Poland, Romania, Russia,
Serbia, Slovakia, UK, Ukraine

Randomized (N) | 961

523

Inclusion e Adults > 18 years of age with moderately to
Criteria severely active UC (Mayo score of 6 to 12,
including an endoscopy subscore of 22 as
assessed during the central review of the video
of the endoscopy). Patients may have
experienced biologic failures, i.e., received
treatmentwith one or more TNF antagonists or
vedolizumab and either did notrespond initially,
responded initially butthen lost response, or
were intolerantto the medication.

or

e Patients who may have been biologic-naive or
may have been exposed to biologictherapy but
did not demonstrate an inadequate response to
or intolerance to treatmentwith a biologic drug.
These patients musthave demonstrated an
inadequate response to, or have failed to
tolerate, at least one of the following
conventional UC therapies: oral or IV
corticosteroids, or the immunomodulators
azathioprine or 6-mercaptopurine. Patients who
demonstrated corticosteroid dependence (i.e.,an
inability to successfully taper corticosteroids
withouta return of the symptoms of UC) were
also eligible for entry into the study.

DESIGNS & POPULATIONS

e Moderatelyto severely active UC who had an
inadequate response or had failed to tolerate
conventional therapy or biologic therapy, and
who demonstrated a clinical response to the
study drug during the induction study. These
included:

o patients who were randomized to receive
ustekinumab (130 mg IV or ~6 mg/kg IV) at
week 0 of the induction study and were in
clinical response atinduction week 8

o patients who were randomized to receive
placebo at week 0 of the induction study and
were not in clinical response at induction
week 8 but were in clinical response at
induction week 16 after receiving a dose of
IV ustekinumab (~6 mg/kg) atinduction
week 8.

Exclusion e Severe extensive colitis.
Criteria e UC limitedto the rectum only or < 20 cm of the
colon.

e Presence of a stoma, a fistula, a bowel
obstruction, or adenomatous colonic polyps that
were not removed.

¢ Diagnosis of indeterminate colitis, microscopic
colitis, ischemic colitis, or Crohn disease, or
clinical findings suggestive of Crohn disease.

e A stool culture or other examination thatwas
positive for an enteric pathogen, including
Clostridium difficile toxin, in the previous 4
months, unless a repeatexamination was
negative and there were no signs of ongoing
infection with that pathogen.

¢ Patients who did not demonstrate clinical
response to the study drug following induction.

¢ Patients whoinitiated or increased the dose of
UC-specific medication (or any prohibited
medication) during the induction study.
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UNIFI maintenance

Intervention Single dose of ustekinumab IV at week 0 as Ustekinumab SC injection atweek O/baseline
follows: visit of the maintenance phase, randomized to:
e Low-dose group: 130 mg e ustekinumab90mgSCq.12.w
" ¢ High-dose group:~6 mg/kg IV (weight< 55 kg: e ustekinumab 90mg SC q.8.w.
S 260 mg; weight> 55 and < 85 kg: 390 mg;
S > 85 kg: ustekinumab 520 mg)
Comparator(s) Placebo IV (10 mM L-histidine, 8.5% (w/v) sucrose, | Placebo as a sterile liquid for SC injection ata fill
0.04% (w/v) polysorbate 80,0.4 mg/mLL- volume of 1.0 mL in a single-use dose containing
methionine,and 20 mcg/mL disodium salt) L-histidine, sucrose, and polysorbate 80 atpH 6.0
Phase
P4
2 Run-in 8 weeks of screening Induction study
% Double blind | 8 weeks 44 weeks
Follow-up Up to 16 weeks Up to 220 weeks
Primary End Proportion of patients on clinical remission at Clinical remission atweek 44, with two
Point week 8; two definitions were used: definitions:
o the global definition (outside the US): a Mayo ¢ global definition: a Mayo score of < 2 points,
score of < 2 points, with no individual with noindividual subscore > 1
subscore> 1 e US definition: an absolute stoolnumber<3, a
e The US definition: an absolute stool number Mayo rectal bleeding subscore of 0, and a
< 3, a Mayo rectal bleeding subscore of 0,and Mayo endoscopy subscore of 0 or 1
a Mayo endoscopy subscore of 0 or 1
Secondary and Secondary: Secondary:
Exploratory End | e endoscopic healing atweek 8 (endoscopy ¢ efficacy in maintaining clinical response in
o | Points subscore of 0 or 1) patientsinduced into clinical response
g ¢ clinical response atweek 8 (decrease from e endoscopic healing in patientsinduced into
§ baseline Mayo score of >30% and > 3 points), clinical response
3 with eithera decrease from baseline inthe rectal | e achieving corticosteroid-free clinical remission
bleeding subscore of >1 or a rectal bleeding ¢ maintaining clinical remission in patients
subscore of O or 1 induced into clinical remission with
e change from baselinein IBDQ score at week 8 ustekinumab
e mucosal healing
Explorgt_ory: ¢ health-related quality of life
» modified Mayo score « pharmacokinetics and immunogenicity as well
e UCEIS as levels of CRP, fecal calprotectin, and
e BSFS lactoferrin
Exploratory:
e response using the Mayo score without the
Physician’s Global Assessment subscore
Publications Sands (2018)%° Sands (2019a)%
o Danese (2019)3 Sands (2019¢)%
i Adedokun (2019)% Sandborn (2019)%
2 Sands (2019a)% Van Assche (2019)%
Sands (2019b)33
Li (2019)%

BSFS = Bristol Stool Form Scale; CRP = C-reactive protein; DB = double blind; IBDQ = Inflammatory Bowel Disease Questionnaire; q.8.w. = every eight weeks;
g.12.w. = every 12 weeks; RCT = randomized controlled trial; UCEIS = Ulcerative Colitis Endoscopic Index of Severity; w/v = weight by volume.

Note: Two additional reports included Clinical Study Report for the UNIFI induction study* and UNIFI maintenance study.

Source: Clinical Study Reports for the UNIFI induction* and maintenance studies.?
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Description of Studies

One study was included thatdirectly compared ustekinumab versus placebo. The UNIFI
study? is a double-blind, placebo-controlled trial, subdivided into two main phases:
induction and maintenance conducted in several countries (including Canada) (detailed in
Table 4). A visual summary of both phases is depicted in Figure 2.

Figure 2: Design of the Induction and Maintenance Phases of the UNIFI Study
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q8w. = every eight weeks; q12w = every 12 weeks; R = randomization; SC = subcutaneous; w = weeks.

Note: Ustekinumab-induction responders entered the maintenance study at induction study week 8, while ustekinumab delayed responders entered maintenance phase at

week 16. Times indicate the duration of each phase

more than the timing of initiation of therapies.

Source: Clinical Study Reports for the UNIFI induction® and maintenance studies.?

Induction Study

The first phase, or induction trial, was an eight-week double-blind, randomized, placebo-
controlled trial, with another eight-week extension in patients not responding to
ustekinumab. The primary objectives of the induction study were to evaluate the efficacyin
inducing clinical remission and safety of IV ustekinumab in patients with moderately to
severely active UC. Secondary objectivesincluded evaluating the efficacy of IV
ustekinumab in inducing endoscopic healing (i.e.,improvementin the endoscopic
appearance of the mucosa), in inducing clinical response, on disease -specific health-
related quality of life, on mucosal healing (a combination of endoscopic healing and
histologic healing), and to evaluate the pharmacokinetics,immunogenicity, and
pharmacodynamics of ustekinumab-induction therapy, including changesin CRP, fecal
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calprotectin, fecal lactoferrin, and other pharmacodynamics biomarkers. The study aimed to
evaluate the efficacy of ustekinumab IV by biologic failure status.

Patients were randomizedina1:1:1 ratio at week O to receive a single IV fixed dose of
130 mg of ustekinumab, a weightrange—based dose of ustekinumab of approximately

6 mg/kg (i.e., 260 mg [weight< 55 kg], 390 mg [weight > 55 kg and < 85 kg], or 520 mg
[weight> 85 kg]), or placebo.

Patients who had a clinical response to either dose of IV ustekinumab atweek 8 entered
the maintenance randomized phase, aswell as patientsin the placebo group who did not
respond at week 8 butresponded at week 16 afterreceiving an IV dose of 6 mg/kg of
ustekinumab (Figure 2). Clinical response was defined as a decrease in the total Mayo
score of 30% or more and 3 or more points from baseline, with an accompanying decrease
of 1 or more points on the rectal bleeding componentof the Mayo scale or a rectal bleeding
subscore of 0 or 1.

Those patients who did not respond to an initial dose of IV ustekinumab (either 130 mg or
approximately 6 mg/kg) received a second dose of 90 mg of ustekinumab subcutaneously
atweek 8. Patients who responded to this second dose entered the maintenance study as
well as those who had entered the placebo-induction phase and responded atweek 8
(withoutany additional dose of ustekinumab). All of these patients entered into a non-
randomized subpopulation of the maintenance study, as described subsequently and in
Figure 2. Patients who did not respond were followed up for safety.

All patients were randomized using permuted blocks, with stratification according to
previous treatmentfailure with biologic drugs (yes or no) and geographicregion (eastern
Europe, Asia, or rest of world). The randomization schedule was concealed with a central
randomization scheme under the supervision of the sponsor using an interactive web
response system (IWRS) to generate a treatmentassignment. The IWRS assigned a
treatmentcode that dictated the treatmentassignmentand matching study-drug kitfor each
patient. Blinding of patients, investigators, and clinicians was obtained through dispensing
identical packages with labels that did not identify the container contents.

Detailed descriptions of the included patients are presented in Table 5.
Maintenance Study

The second phase, or maintenance study, was a 44-week double-blind, randomized,
placebo-controlled trial thatincluded patients from the induction study who responded to
ustekinumab (either 130 mg or approximately 6 mg/kg) at week 8, or those in the placebo
group from the induction study who did not respond at week 8 but responded to a dose
approximating 6 mg/kg atweek 16 (Figure 2). Patients from thisrandomized population
were assigned,in a 1:1:1 ratio, to receive SC injections of 90 mg of ustekinumab every

12 weeks, 90 mg of ustekinumab every eightweeks, or placebo through week 44. The
maintenance study also aimed to evaluate the efficacy of maintenance therapy by biologic
failure status.

The primary objectives of the maintenance study were to evaluate clinical remission for SC
maintenance regimens of ustekinumab in patients induced into clinical response with
ustekinumab, and to evaluate the safety of SC maintenance regimens of ustekinumab.
Secondary objectives included evaluating the efficacy of ustekinumab in maintaining clinical
response, endoscopic healing (i.e.,improvementin the endoscopic appearance of the
mucosa), achieving corticosteroid-free clinical remission, maintaining clinical remission,
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effecton mucosal healing (i.e.,a combination of endoscopic healing and histologic healing),
the impacton disease-specific, patient-reported health-related quality of life, the
pharmacokinetics and immunogenicity of ustekinumab, as well as changesin levels of

CRP, fecal calprotectin, fecal lactoferrin, and other pharmacodynamic biomarkers.

In this maintenance phase, patients from the induction study could also be enrolled into a
non-randomized population if they were members of the placebo IV induction group who
responded atweek 8 (these patients were assigned to placebo SC every eightweeks for

44 weeks). Also, if they were from the ustekinumab IV groups (either 130 mg or
approximating 6 mg/kg) and did not respond at week 8 but responded to a dose of
ustekinumab atweek 16 (i.e., patients with a delayed response to ustekinumab), they were
assigned to receive ustekinumab SC 90 mg every eightweeks. Non-randomized patients
were followed for both efficacy and safety but were not included in the key efficacy
analyses.

Eligible patients were randomized using a permuted block randomization schedule and
stratified by their status of clinical remission (defined as a Mayo score of < 2 points with no
individual subscore >1) at maintenance baseline (yes or no), oral corticosteroid use at
maintenance baseline (yes or no), and induction treatment(placebo IV [induction week 0]
moving to 6 mg/kg IV of ustekinumab atinduction week 8; ustekinumab 130 mg IV [at
induction week 0]; or 6 mg/kg IV of ustekinumab [atinduction week 0]) as variables.

The randomization schedule was concealed with a central randomization scheme under the
supervision of the sponsorusing an IWRS fora treatmentassignment. The IWRS assignhed
a treatmentcode that dictated the treatmentassignmentand matching study-drug kit for
each patient. The blinding of patients, investigators, and clinicians was obtained by
dispensing identical packages with labels thatdid not identify the container contents.
Treatmentassignmentblinding was maintained (for both the induction and maintenance
studies) for investigative sites, site monitors, and patients participating in this protocol until
the week 44 analyseswere completed.

Detailed descriptions of the included patients are presented in Table 6.

Populations
Inclusion and Exclusion Criteria

For the induction study, adult patients over 18 years of age with moderately to severely
active UC, as defined by a Mayo score of 6 to 12, inclusive, at week 0 of the study,
including an endoscopy subscore of 2 or higher as assessed during the central review of
the video of the endoscopy, were eligible. Patients could have received treatmentwith one
or more TNF antagonists or vedolizumab ata dose approved forthe treatmentof UC and, if
they eitherdid not respond initially, responded initially butthen lost response, or were
intolerantof the medication, they were considered to have a “biologic failure” and were
classified in this subgroup. Patients may also have been biologic-naive or may have been
exposed to biologic therapy but did not demonstrate an adequate response or
demonstrated intolerance to treatmentwith a biologic drug. These patients musthave
demonstrated an inadequate response to, or failed to tolerate, at least one of the following
conventional UC therapies: oral or IV corticosteroids orthe immunomodulators azathioprine
or 6-mercaptopurine. Patients who demonstrated corticosteroid dependence (i.e.,an
inability to successfully taper corticosteroids withouta return of the symptoms of UC) were
also eligible for entryinto the study.
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For the maintenance study, patients were required to be in clinical response to treatment
during the induction study; this included patientsin clinical response to IV ustekinumab
induction, in clinical response to IV placebo, orin delayed clinical response to ustekinumab,
as described earlierand in Figure 2.

Baseline Characteristics

Key baseline demographic characteristics from the induction and maintenance studies
(randomized and non-randomized populations) are summarized in Table 5, Table 6, and
Table 7, respectively. All data were obtained from the efficacy populations.

In the induction study, the variables measured, such as age, sex, weight, and race, were
similarin their distribution between the ustekinumab and placebo groups. Overall, the
median duration of disease was 5.97 years, with 45.7% of patients with extensive disease
and a median Mayo score of 9.0. Also, at baseline in the induction study, 84.4% of patients
had moderate UC (Mayo score of 6 to 10), 15.3% had severe disease (Mayo score > 10),
and 51.1% of patients had a history of biologic failure. Fecal lactoferrin and fecal
calprotectin median values were greater in patients in the ustekinumab groupsthanin the
placebo group (data not shown). However,the percentage of patients with abnormal levels
of inflammatory biomarkers (e.g., CRP) at baseline were similar across study groups.

At baseline, 90.2% of patients in the induction study had a concomitant medication with
similar distribution between the study groups, exceptfor those receiving aminosalicylates,
with a greater proportion of patients receiving aminosalicylates in the group receiving

6 mg/kg of ustekinumab compared with the ustekinumab 130 mg and placebo groups. As
well, fewer patientsin the placebo group (49.2%) were receiving corticosteroids at baseline
versus those in the ustekinumab groups (53.1% combined). Overall,51.8%, 28.2%, and
68.7% of patientsin the induction study were receiving, respectively, corticosteroids,
immunomodulatory drugs, and aminosalicylates. A majority of patients (94.0%) had either an
inadequate response to or were intolerantto corticosteroids,

6-mercaptopurine, or azathioprine, ordemonstrated corticosteroid dependence; the
proportions were similar between groups (data notshown). The proportions of patients who
had a history of documented biologic failure were similaramong treatmentgroups.
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Table 5: Summary of Baseline Characteristics — UNIFI Induction Study

Ustekinumab IV Placebo
Combined N =319
N =642
Sex female, n (%) 130 (40.6) 127 (39.4) 257 (40.0) 122 (38.2)
Age, years, mean (SD) 42.2 (13.94) 41.7 (13.6) 41.9 (13.80) 41.2 (13.50)
Race, n (%)
White 239(74.7) 243(75.5) 482 (75.1) 248(77.7)
Black 6(1.9) 0 6 (0.9) 3(0.9)
Asian 46 (14.4) 49 (15.2) 95 (14.8) 48 (15)
Native American 0 1(0.3) 1(0.2) 0
Pacific Islander 0 0 0 0
Other 9(2.8) 12 (3.7) 21 (3.3) 8 (2.5)
Not reported 18 (5.6) 16 (5.0) 34 (5.3) 12 (3.8)
Unknown 2(2.6) 1(0.3) 3(0.5) 0
Weight (kg), mean (SD) 73.67 (16.80) 73.02 (19.25) 73.34(18.06) 72.91(16.77)
Height(cm), mean (SD) 171.28(9.33) 171.49(9.73) 171.39(9.53) 172.31(10.03)
Duration of disease, years, 8.13 (7.17) 8.17 (7.82) 8.15 (7.50) 8.01 (7.19)
Mean (SD)
Extent of disease
N 318 320 638 316
Limited to left side of colon 183(57.5) 168(52.5) 351 (55.0) 167 (52.8)
Extensive 135(42.5) 152 (47.5) 287 (45.0) 149 (47.2)
Mayo score of 0 to 12
N 320 321 641 319
Mean (SD) 8.9 (1.57) 8.9 (1.51) 8.9 (1.54) 8.9 (1.62)
Severity of disease
N 320 321 641 319
Moderate (Mayo score of 6 271(84.7) 276 (86.0) 547 (85.3) 263(82.4)
to 10), n (%)
Severe (Mayo score > 10), 48 (15.0) 45 (14.0) 93 (14.5) 54 (16.9)
n (%)
Concomitantmedications for UC at baseline, n (%)
Any UC medication 290(90.6) 294 (91.3) 584 (91.0) 283(88.7)
Corticosteroids 173(54.1) 168(52.2) 341(53.1) 157 (49.2)
Immunomodulators
6-MP/AZA 88 (27.5) 85 (26.4) 173(26.9) 88 (27.6)
MTX 5(1.6) 4(1.2) 9(1.4) 1(0.3)
Aminosalicylates 215(67.2) 238(73.9) 453 (70.6) 207 (64.9)
Biologic failure status
N 320 321 641 319
Biologic status failure, n (%) 164 (51.3) 166 (51.6) 330(51.4) 161 (50.5)

6-MP = 6-mercaptopurine; AZA = azathioprine; MTX = methotrexate; SD = standard deviation; UC = ulcerative colitis.
2 All percentages and values for each variable are based on the total N from the ITT population unless otherwise specified.

Source: Clinical Study Report of the UNIFI induction study.*
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The maintenance study was composed of randomized and non-randomized populations.
Among the randomized population, variables were well balanced across treatmentgroups,
except for sex (a greater proportion of patients in the placebo group [61.1%] were male
compared with the ustekinumab every eightweeks group [53.4%] and ustekinumab every
12 weeks group [565.8%]), race (a greater proportion of patients in the placebo group
[19.4%] were Asian compared with the ustekinumab every 12 weeks group [14.0%)]), and
region, due to the placebo group (17.7%) having a greater proportion of patients from Asia
compared with the ustekinumab every 12 weeks group (12.2%), while a greater proportion
of patients in the ustekinumab every 12 weeks group (46.5%) were from Eastern Europe
compared with the placebo group (38.9%) and the ustekinumab every eightweeks group
(38.1%). Among all randomized patients, 56.8% were male and 74.0% were white, with a
median age of 40.0 years and a median weightof 70.0 kg. The mean duration of disease
was 6.05 years, while the proportion of patients with extensive UC was 47.1%. In the same
randomized population, clinical characteristics were, in general, equally distributed among
groups, except forthe median fecal lactoferrin and fecal calprotectin levels, which were
higherinthe ustekinumab every eightweeks group.

All patients in the maintenance study were from the induction study, denoting that the
previous and concomitantmedications were well controlled and stably maintained.
However, some differences were noted in the proportion of patients receiving
glucocorticoids atinduction baseline, which was lower in the ustekinumab every 12 weeks
group (48.3%) compared with the every eightweeks group (54.0%) and the placebo group
(54.3%). Also, a difference was noted in patients receivingaminosalicylates atinduction
baseline in the ustekinumab every 12 weeks group (77.9%) versus the ustekinumab every
eightweeks (63.6%) group and the placebogroup (70.9%).

In the non-randomized population, a greater proportion of white males was noted among
the ustekinumab-induction responders. All other variables were similarly distributed
between groups. However, CRP concentrations were differentbetween groups of study,
with a higher median CRP concentration in the ustekinumab-induction delayed responders
(5.30 mg/L) compared with the primary population (3.58 mg/L) (data not shown).
Furthermore, the proportion of patients with extraintestinal manifestations was higherin the
ustekinumab induction delayed-responder group (32.5%) when compared with the primary
population (26.4%). Clinical disease characteristics atmaintenance baseline in the
ustekinumab group reflected a higher level of disease activity compared with the primary
population. The ustekinumab group had fewer patientsin clinicalremission (13.4% versus
23.5%) and demonstratedless endoscopic healing (22.9% versus 37.5%). These patients
also had higher median Mayo scores (5.0 versus 4.0), higher median CRP levels (2.2 mg/L
versus 1.58 mg/L), higher median lactoferrin levels (54.82 mcg/g versus 42.48 mcg/g), and
higher median fecal calprotectin levels (500.0 mg/kg versus 426.0 mg/kg).

Concurrentmedication had a similar distribution between groups in the non-randomized
population, exceptfora greater proportion (34.4%) of patients reporting use of
immunomodulatory drugs atinduction baseline in the ustekinumab group (delayed
responders) compared with the primary population (26.6%). Alarger proportion of patients
in the ustekinumab (delayed responders) group were biologic failures and refractory to,
dependenton, or intolerant of corticosteroid treatment.
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Table 6: Summary of Baseline Characteristics — UNIFI Maintenance Study, Randomized

Population

90 mg g.12.w.
N=172

Ustekinumab SC

90 mg q.8.w.
N=176

Combined
N =348

Placebo
N=175

CADTH

Sex female, n (%) 2 76 (44.2) 82 (46.6) 158 (45.4) 68 (38.9)
Age, years, mean (SD) 40.7 (13.47) 39.5(13.32) 40.1 (13.38) 42.0 (13.85)
Race, n (%)
White 135(78.5) 127(72.2) 262 (75.3) 125(71.4)
Black 0 3(1.7) 3(0.9) 3(1.7)
Asian 24 (14.0) 29 (16.5) 53 (15.2) 34 (19.4)
Native American 0 0 0 0
Pacific Islander 0 0 0 0
Other 9(5.2) 5(2.8) 14 (4) 3(1.7)
Not reported 3(1.7) 12 (6.8) 15 (4.3) 9(5.1)
Unknown 1(0.6) 0 1(0.3) 1(0.6)
Weight (kg), mean (SD) 73.27 (18.90) 72.04(19.11) 72.64(18.99) 71.68(14.61)
Height(cm), mean (SD) 171.32(9.68) 170.91 (9.96) 171.11(9.81) 171.02 (10.07)
Duration of disease (years), 8.60 (8.30) 8.08 (6.57) 8.34 (7.47) 7.48 (6.79)
mean (SD)
Extent of disease
N 172 175 347 175
Limited to left side of colon 92 (53.5) 95 (54.3) 187 (53.9) 89 (50.9)
Extensive 80 (46.5) 80 (45.7) 160 (46.1) 86 (49.1)
Mayo score 0 to 12
Mean (SD) 8.9 (1.58) 8.9 (1.55) 8.9 (1.56) 8.7 (1.52)
Severity of disease
Moderate (Mayo score 150(87.2) 147 (84.5) 297 (85.8) 156 (89.1)
<10), n (%)
Severe (Mayo score from 22 (12.8) 27 (15.5) 49 (14.2) 19 (10.9)
11to0 12), n (%)
Concomitantmedications for UC at induction baseline, n (%)
Any UC medication 154 (89.5) 155(88.1) 309 (88.8) 160 (91.4)
Corticosteroids 83 (48.3) 95 (54.0) 178(51.1) 95 (54.3)
Immunomodulators
6-MP/AZA 43 (25.0) 45 (25.6) 88 (25.3) 47 (26.9)
MTX 1(0.6) 1(0.6) 2(0.6) 2(1.1)
Aminosalicylates 134 (77.9) 112 (63.6) 246 (70.7) 124 (70.9)
Biologic failure status, n (%) 70 (40.6) 91 (51.7) 161 (46.2) 88 (50.2)

6-MP = 6-mercaptopurine; AZA = azathioprine; MTX = methotrexate; g.8.w. =every eight weeks; g.12.w. =every 12 weeks; SD = standard deviation.

& All percentages and values for each variable are based on the total N from the randomized population, unless otherwise specified.

All values represent the baseline characteristics of patients when entered the induction study and are now broken down based on which group they ended up being

assigned to.

Source: Clinical Study Report? for the UNIFI maintenance study.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara)

38



CADTH

Table 7: Summary of Baseline Characteristics — UNIFI Maintenance Study, Non-Randomized

Population

Ustekinumab 90 mg SC q.8.w .2

N =157

Placebo®
N =103

Sex female, n (%) 55 (35.0) 38 (36.9)

Age, years, mean (SD) 43.9 (13.60) 43.6 (14.14)

Race, n (%)
White 124 (79.0) 83 (80.6)
Black 1(0.6) 1(1.0)
Asian 22 (14.0) 12 (11.7)
Native American 0 0
Pacific Islander 0 0
Other 2(1.3) 2(1.9)
Not reported 7 (4.5) 5(4.9)
Unknown 1(0.6) 0

Weight (kg), mean (SD)

74.94 (19.25)

74.33(18.15)

Height(cm), mean (SD)

172.60 (9.25)

172.39(10.18)

Duration of disease (years), mean (SD) 8.49 (7.58) 9.01 (8.87)
Extent of disease
N 155 103
Limited to left side of colon 89 (57.4) 62 (60.2)
Extensive 66 (42.6) 41 (39.8)
Mayo score 0 to 12, mean (SD) 9.0 (1.53) 8.7 (1.61)
Severity of disease
Moderate (Mayo score < 10), n (%) 129 (82.2) 89 (87.3)
Severe (Mayo score 11to 12), n (%) 28 (17.8) 13 (12.7)
Concomitantmedications for UC at induction baseline, n (%)
Any UC medication 148 (94.3) 98 (95.1)
Corticosteroids 82 (52.2) 59 (57.3)
Immunomodulators
6-MP/AZA 52 (33.1) 33(32.0)
MTX 2 (1.3) 1(1.0)
Aminosalicylates 118(75.2) 75 (72.8)
Biologic failure status,® n (%) 82 (52.2) 46 (44.6)

6-MP = 6-mercaptopurine; AZA = azathioprine; MTX = methotrexate; g.8.w. =every eight weeks; SD = standard deviation; UC = ulcerative colitis.

Note: All values represent the baseline characteristics of patients when they entered the induction study and are now broken down based on which group they ended up

being assigned to.

@ Delayed responders, i.e., patients who were not in clinical response to ustekinumab IV at week 8 but were in clinical response at week 16 after subcutaneous

administration of ustekinumab at week 8.

b Responders to placebo 1V induction.

¢ Biologic failures at the baseline of the induction study.
Source: UNIFI maintenance study? Clinical Study Report.
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Interventions
Induction Study

In the induction phase of the UNIFI study, patients received a single IV dose of
ustekinumab or placebo atweek 0. The interventions were administered in a one-hour
lapse and completed within four hours of preparation of the study drug. Those patients who
did not have a clinical response atweek 8 received an additional dose atweek 8 (Figure 2).
An approximate dose of 6 mg/kg was administered using a range of weight-based doses:
patients weighing 55 kg or less received ustekinumab 260 mg; those weighing from 55 kg
to 85 kg received ustekinumab 390 mg; and those weighing more than 85 kg received
ustekinumab 520 mg. The investigators considered the latter group to be the “high” dose
group. They also utilized a “low” dose of 130 mg IV based on previous studies conducted in
patients with Crohn disease. The placebowas an IV infusion of 10 mM L-histidine, 8.5%
sucrose (weightby volume), 0.04% polysorbate 80 (weightby volume), 0.4 mg/mL
L-methionine, and 20 mcg/mL disodium saltdihydrate atpH 6.0, supplied as a single-use,
sterile solutionin 30 mL vials with a nominal volume of 26 mL. According to the
investigators, the placebo had the same appearance as the ustekinum ab solutions.

Maintenance Study

For the maintenance phase, ustekinumab was supplied as sterile liquid for SC injectionina
single-use pre-filled syringe with 90 mg (1.0 mL fill volume of liquid) ustekinumab. Placebo
was supplied as a sterile liquid for SC injection at a fill volume of 1.0 mLin a single-use pre-
filled syringe. Each placebo syringe contained L-histidine, sucrose, and polysorbate 80 at
pH 6.0. Placebo solutions had the same appearance as the ustekinumab preparations.

Ustekinumab was used at a dosage of 90 mg every eight weeks or every 12 weeks to
create the two groups of ustekinumab (i.e., the every eightweeks and every 12 weeks
groups, respectively). Patients started their assigned dose of the SC study drug at the week
0 visit. Next, all patients received each study drug at all scheduled administration visits to
maintain blinding of patients and researchers. Investigators used a schedule of every eight
weeks based on previous evidence from the Crohn disease patients. Furthermore, they
wanted to investigate a lower dose regimen of the same dose every 12 weeks that would
provide enough systemic exposure and meetsafety and efficacy requirements.
Concomitantmedications included oral 5-aminosalicylate compounds, oral corticosteroids,
or immunomodulators (i.e., 6-mercaptopurine, azathioprine, or methotrexate) and were
allowed from week 0 of the induction study through week 0 of the maintenance study unless
the therapy had to be discontinued or reduced in dose because of toxicity or other medical
reason. Therapy was not to be restarted if this occurred.

Any medication (e.g., glucocorticoids, 6-mercaptopurine, azathioprine, methotrexate, 5-
aminosalicylates) for the treatment of UC that needed to be initiated orincreased in any
phase of the study was considered arescue medication.

Outcomes

The primary outcome of the UNIFI study was to evaluate the efficacy of ustekinumabin
inducing clinical remission in patients with moderately to severely active UC as well as
evaluate safety. For this, several outcomeswere assessed in both the induction and
maintenance phases of the UNIFI study.
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Clinical remission: Investigators used two definitions for clinical remission: the US
definition, i.e.,an absolute stool number of 3 or less, a rectal bleeding subscore of 0,and a
Mayo endoscopy subscore of 0 or 1; and the global definition, i.e.,a Mayo score or 2 or
higher, with noindividual subscore higherthan 1. Both were evaluated in all patients at
week 8.

Clinical response: Thiswas defined as a decrease from induction baseline in the Mayo
score of 30% or more and a decrease of 3 or more points, with either a decrease from
baseline in the rectal bleeding subscore of 1 ormore or a rectal bleeding subscore of 0 or 1.

Endoscopic healing: An improvementin the endoscopic appearance of the mucosadefined
as a Mayo endoscopy subscoreof O or 1.

Histologic healing: Based on features of the Geboes score, this was defined as neutrophil
infiltration in less than 5% of crypts, no crypt destruction, and no erosions, ulcerations, or
granulationtissue.

Mucosal healing: A combination of endoscopic healing and histologic healing.
Normal or inactive mucosal disease: A Mayo endoscopy subscore of 0.

Symptomatic remission: A Mayo stool frequency subscore of 0 or 1 and a rectal bleeding
subscore of 0.

Normalization of CRP concentration: A CRP concentration of 3 mg/L or less.

Normalization of fecal lactoferrin concentration: A fecal lactoferrin concentration of
7.24 mcg/g or less.

Normalization of fecal calprotectin concentration: A fecal calprotectin concentration of
250 mg/kg or less.

For the evaluation of these outcomes, several instruments are noted, and detailed
descriptions may be found in Appendix 4: Description and Appraisal of Outcome Measures.

Mayo score and partial Mayo score

Inflammatory Bowel Disease Questionnaire (IBDQ)
Short Form (36) Health Survey (SF-36)
EuroQol 5-Dimensions (EQ-5D)

Safety was evaluated based on the frequency of AEs, which were usually willingly reported
by the patientor by observation or interview by the clinician orinvestigator.

AEs were coded in accordance with the Medical Dictionary for Regulatory Activities
(MedDRA) Version 20.0 and were monitored through week 44 by treatmentgroup.
Investigators evaluated:

e any AE, i.e., any eventwith a “very likely,
study drug

probable,” or “possible” relationship to the

e serious AEs
e reasonablyrelated AEs
e AEs leadingto discontinuation of the study drug

e infections, including infections requiring oral or parenteral antibiotic treatment
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e seriousinfections

¢ injection-site reactions

Statistical Analysis
Induction Study

For the induction study, sample size and power were based on the chi-square test to detect
a significantdifference in clinical remission atweek 8 between the ustekinumab and
placebo groups. The authors assumed a differentbaseline clinical remission rate for the
global versusthe US definition for remission. For the global definition, they used a 7%
clinical remission rate as the baseline rate in the placebo group and considered an effect
difference of 12%, thatis, a hypothesized rate of 19% in the ustekinumab group (for both
the 6 mg/kg [approximately]and 130 mg doses). For the US definition, they considered a
baseline rate of 12% in the placebo group versus 25% in both intervention groups
(difference of 13%). With these values, 220 patients per group (660 patients in total) and
135 patients pergroup (405 patientsin total) were required forthe US and global
definitions, respectively. To provide a sufficientnumber of patients for the primary
population of the maintenance phase, 951 patients (317 pergroup) would need to be
enrolled inthe induction study.

The major secondary outcomes perthe global analysis were the percentage of patients with
endoscopic healing, the percentage of patients achieving clinical response, and the change
from baseline in the IBDQ total score to week 8. These outcomes were the same forthe
US-defined population, except forthe change from baseline in the IBDQ total score to
week 8, peradvice from the FDA. The percentage of patients with mucosal healing
(endoscopic plus histologic) was anotherimportantsecondary outcome.

Tests for multiplicity were also differentfor the US versus the other countries. For instance,
in the US, the Bonferroni method was used, while a step-up Hochberg procedure was
performed inthe other countries. Power was calculated to reach 90% using a step-up
Hochberg approach atthe 0.05 (two-sided) level in the global definition group, while the
same powerinthe US definition group was reached at a significance level of 0.025 (two-
sided) based on the Bonferronitesting approach using the outcome of clinical remission.
Assumed remission rates were based on previous data from the golimumab study
(induction phase).® In the induction study, multiplicity was assessed using a Cochran-
Mantel-Haenszel (CMH) chi-square testfor comparing proportions and stratified by biologic
failure status (yes or no) and region (Eastern Europe, Asia, or rest of world) forall
outcomes exceptforthe third major secondary end pointof change from baselinein the
IBDQ score at week 8. The treatment groups were compared using an analysis of
covariance for continuous outcomes on the van der Waerden normal scores with baseline
IBDQ score, biologic failure status, region, and treatmentgroup as covariates.

For the Hochberg step-up adjustmentfor multiplicity of the global primary outcome, if the P
values forthe ustekinumab 130 mg group versus the placebo group, and the ustekinumab
6 mg/kg (approximately) group versusthe placebo group, were less than 0.05, then it was
concluded thatthe treatments used in both ustekinumab groups were effective compared
with the placebo group. Otherwise, the smaller of the two P valueswas compared with
0.025: if the smaller P value was less than 0.025, then it was concluded thatthe treatment
used in the ustekinumab group associated with the smaller of the two P valueswas
effective compared with the placebo group. The study could be declared positive based on
a statistically significanttest of the primary outcome for at leastone ustekinumab group.
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The first major secondary outcome (i.e.,endoscopic healing) was tested only if the primary
outcome for the ustekinumab group was positive, per the global testing procedure.
Subsequentmajor secondary outcomes for a dose were tested only if the preceding
outcome forthat dose in the hierarchy was positive at the 0.05 level of significance. If all the
primary and major secondary outcomes tested positive for a dose, testing would continue
forthat dose to the other multiplicity-controlled outcome, mucosal healing at week 8. Al
other outcomes were notcontrolled for multiple comparisons.

All efficacy analyses were based onthe ITT principle. All patients randomized in the
induction study formed the primary efficacy setfor analysis. For the safety set of patients,
allthose who received at least one dose of ustekinumab were considered and analyzed.
For patients with missing data, the last observation was carried forward for continuous
outcomes and, for dichotomous outcomes, patients with missing data were considered not
to have achieved the outcome. Investigators compared the proportion of patientsin clinical
remission among the ustekinumab and placebo groups using a CMH chi-square test
stratified by biologic failure status (yes or no) and region (Eastern Europe, Asia, or rest of
world).

Sensitivity analyses were conducted to test the robustness of the primary outcome
analyses using a modified ITT analysis (excluding patients who were randomized butnot
treated) and by using observed cases, last observation carried forward, nonresponder if any
missing subscore, and on a “per-protocol” analysis, by using logistic regression to analyze
the primary outcome, and based on multiple-imputation methods, on endoscopy subscores,
on “worst-case” scenario, and on region (US versus non-US location).

Subgroup analyses were used based on baseline demographics, baseline UC clinical
disease characteristics, baseline UC-related concomitantmedication use, and UC-related
medication history.

Maintenance Study

The efficacy analysesin the maintenance study were based on the primary population.
Hence, the primary definitions of the outcomes were based on those outcomes thatwere
also present in the induction study. Likewise, the differentdefinitions between the US and
non-US countries and the multiplicity testing approaches were used.

Sample size and power calculations were based on the chi-square test to detecta
difference between patients receiving ustekinumab 90 mg SC every eight weeks and those
receiving placebo. The sample size calculation was based on previous studies using other
anti-TNFs (i.e., golimumab and vedolizumab). Therefore, a baseline clinical remission rate
of 20% was assumed for the placebo group (at week 44, based on the US definition),and a
rate of 40% was assumed for the ustekinumab every eightweeks group (a risk difference of
20%). Assuming this difference for the global and US definitions, a total of 327 patients
were needed (109 in each group) to reach 90% power at a significance level of 0.05. Given
that the population forthe maintenance study was obtained directly from the induction
study, with 317 patients planned for each induction-treatmentgroup, the number of patients
in the primary population of the maintenance study was expected to be at least 327.

Analysesusing the ITT principle were also planned. The primary outcome analysis set
comprised all of the patients randomized atthe baseline of the maintenance study,

i.e., patientswho respondedto IV ustekinumab induction atweek 8 of the induction study,
and patients who were notin clinical response to IV placebo induction at week 8 of the
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induction study but were in clinical response at induction week 16 after receiving an
induction dose of IV ustekinumab at week 8.

Pre-specified efficacy analyses were also conducted in the non-randomized analysis set,
which included patients who achieved clinical response to placebo IV induction dosing at
week 8 of the induction study, and patients who were delayed responders to ustekinumab
induction. The same definitions used in the induction study were used forthe missing-data
rules. At week 44 of the maintenance study, the proportion of patientsin clinical remission
was compared between the ustekinumab (every eightweeks or every 12 weeks) and
placebo groups using a CMH chi-square test stratified by clinical remission status (yes or
no based on the global definition) atmaintenance baseline versus the induction-treatment
group.

A fixed-sequence testing procedure was used to adjustfor multiplicity atthe 0.05 level for
the global primary outcome. Ustekinumab 90 mg SC every eight weeks was considered
statistically significantversus placebo if the P value was lessthan 0.05, and ustekinumab
90 mg SC every 12 weeks was statistically significantversus placebo if the P values for
both the every eight weeks and every 12 weeks maintenance-dose groups were less

than 0.05. A positive study was defined as a statistically significanttestfor the ustekinumab
90 mg SC every eight weeks dosage versus placebo for clinical remission at week 44,
regardless of the resultof the test forthe ustekinumab 90 mg SC every 12 weeks group
versus placebo.

For the US-based analyses, a fixed-sequence testing procedure atthe 0.05 level across the
primary and all four major secondary end points and across the two ustekinumab dosages
was conducted, starting with the every eightweeks regimen group versus placebo for
clinical remission. The procedure is diagram med below.

Figure 3: Testing Procedure for the Primary and Major Secondary Outcomes in the UNIFI

Maintenance Study

q8w vs placebo

qi12w vs placebo q8w vs placebo q12w vs placebo

Primary Endpoint
(Clinical remission)

ifp<005 l

1st Major Secondary
(Maintenance of clinical response)

itp<0.05 l

2nd Major Secondary
(Endoscopic healing)

ifp<0.05 l

3rd Major Secondary
(Corticosteroid-free clinical remission)

ilp<0.05 i

4th Major Secondary
(Maintenance of clinical remission)

Global Testing Procedurefor the Primary
and Major Secondary Outcomes

itp<0.05 ‘

Primary Endpoint Primary Endpoint Primary Endpoint
(Clinical remission) (Clinical remission) (Clinical remission)

itp<0.05 1 ifp<005 l l'lfp<005

1st Major Secondary 1st Major Secondary 1st Major Secondary
(Maintenance of clinical response) (Maintenance of clinical response) (Maintenance of clinical response)

itp<0.05 l ifp<0.05 i itp<005

2nd Major Secondary 2nd Major Secondary 2nd Major Secondary
(Endoscopic healing) (Endoscopic healing) (Endoscopic healing)

ip<0.05 l ifp<0.05 i ifp<008 llfp(OUS

3rd Major Secondary 3rd Major Secondary
(Corticosteroid-free clinical remission) (Corticosteroid-free clinical remission)

3rd Major Secondary
(Corticosteroid-free clinical remission)

itp<0.05 l 1 it p<0.05

4th Major Secondary
(Maintenance of clinical remission)

4th Major Secondary
(Maintenance of clinical remission) itp<0.05

4th Major Secondary
(Maintenance of clinical remission)

US-Specific Testing Procedure for the
Primary and Major Secondary Outcomes

q8w = every eight weeks q12w = every 12 weeks; vs = versus.

Source: UNIFI maintenance study? Clinical Study Report.
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Analyses of multiplicity-controlled end points, exceptfor the fourth major secondary end
pointrelated to maintenance of clinical remission, were conducted using a CMH chi-square
test stratified by clinical remission (global definition), status at maintenance baseline (yes or
no), and induction treatment. For the fourth major secondary end point (maintenance of
clinical remission),a CMH chi-square test stratified by induction treatmentwas used.

Sensitivity analyses were also conducted to test the robustness of the primary outcome
analyses by using observed cases, nonresponder if any missing subscore, and based on
multiple-imputation methods, on “worst-case” scenario, on a modified ITT analysis, and on
a “per-protocol” analysis, by using logistic regression to analyze the primary outcome, and
based on endoscopy subscores.

As in the induction study, subgroup analyses were performed based on demographics and
UC clinical disease characteristics, UC-related concomitantmedication usage,and UC-
related medication history, all at week 0 of the induction study, as well as maintenance-
stratification factors and UC clinical disease characteristics at maintenance baseline.

Analysis Populations

Three analysis sets were used in the induction study. The efficacy analysis set, consisting
of all patientsrandomized in the induction study (and analyzed underthe ITT principle) ;the
safety analysis set, which included patients who received at least one dose of the study
drug, including a partial dose; and the treated analysis set, which consisted of patients who
were not in clinical response at week 8 and received an additional dose of ustekinumab SC
atweek 8.

For the maintenance study, the primary efficacy analysis setconsisted of all patients
randomized atweek 0 of the maintenance study,i.e., in clinical response to IV ustekinumab
induction. Also, the non-randomized analysis setwas used, which included patients who
achieved clinical response to placebo IV induction dosing at week 8 of the induction study
and those who were delayed responders to ustekinumab induction. The safety analysis set
was defined as it wasin the induction study.

Results

Patient Disposition
Induction Study

The number of patients screened for eligibility to enter the induction studies was not
reported in the Clinical Study Reports.

In the induction study, 961 patients were included in the randomization schedule, of which
319, 320,and 322 were included in the placebo, ustekinumab 130 mg, and ustekinumab 6
mg/kg (approximately) groups, respectively. Only three patients did not receive the
treatmentto which they were assigned at week 0. In total, 417 out of 961 patients (43.3%)
who were notin clinical response at week 8 received an additional dose of the study drug at
week 8. A total of 912 (94.9%) patients completed study participation: 783 (81.5%) entered
the maintenance phase and 129 (13.4%) who did not enter the maintenance phase
completed the final safety visit (Table 8 and Figure 4). A total of 49 (5.1%) patients
terminated study participation (yellow boxes in Figure 4). Twenty patients (2.1%) terminated
study participation before week 8. The most common cause was withdrawal of consent,
which was done by 14 patients (1.5%): none in the 6 mg/kg group, 5 (1.6%) inthe 130 mg
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group,and 9 (2.8%) in the placebo group. Among the rest of the patients (29) who
terminated study participation: 4 terminated atweek 8, and 25 terminated after week 8.

Table 8: Patient Disposition — UNIFI Induction Study (Primary Efficacy Set)

Ustekinumab IV Placebo
Combined
N =642
Screened, N 961
Randomized, N (%) 320 322 642 319
Discontinued study participation, N (%) 11 (3.43) 15 (4.65) 26 (4.0) 23 (7.2)
Reason for discontinuation of study participation, N (%)
Adverse events 0 1(0.2) 1(0.2) 3(0.9)
Lost to follow-up 0 1(0.31) 1(0.2) 0
Lack of efficacy - - - -
Withdrawal of consent 9(2.8) 7((2.2) 16 (2.5) 17 (5.3)
Sponsordecision 1(0.3) 0 1(0.2) 1(0.3)
Death 0 1(0.3) 1(0.2) 0
Other 1(0.3) 5(1.6) 6 (0.9) 2 (0.6)
ITT, N 320 322 642 319
PP, N 311 305 616 310
Safety, N 321 320 641 319

ITT = intention to treat; PP = per protocol.

Source: Clinical Study Report for the UNIFI induction® study.

Maintenance Study

A total of 783 patients who completed the induction study and were in clinical response to
the induction study drug were enrolled in the maintenance study (Figure 4 and Figure 5). Of
these, 523 (66.7%) were able to be allocated to the targeted primary population, thus
forming the randomized population of the maintenance phase and consisting of those in
clinical response to IV ustekinumab induction. Of these 523 patients, 176 were distributed
randomly to the ustekinumab 90 mg SC every eightweeks group, 172 to the ustekinumab
90 mg SC every 12 weeks group, and 175 patients to the placebo SC group.

On the other hand, 260 patients were not randomized; these were placebo-induction
responders and ustekinumab-induction delayed responders (Figure 5). Of these 260
patients, 103 who were in clinical response to placebo IV inductionatinduction week 8
(placebo-induction responders) received placebo SC (forming the placebo group of the non-
randomized population), while 157 who were ustekinumab-induction delayed responders
(i.e., were notin clinical response to ustekinumab atinduction week 8 but were in

clinical response atinduction week 16) received ustekinumab 90 mg SC every eight weeks,
forming the ustekinumab group of the non-randomized population.

Prior to week 40, a total of 85 (16.3%) patients from the primary population discontinued the
study drug (Figure 5, Table 9). The percentage of patients who discontinued the study drug
was greaterin the placebo group (24.6%) than in the ustekinumab every eightweeks and
every 12 weeks groups (10.2% and 14.0%, respectively). The most common reasons for
discontinuation of the study drug were lack of efficacy (6 [3.4%], 7 [4.1%], and 15 [8.6%]
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patientsin the ustekinumab every eightweeks, ustekinumab every 12 weeks, and placebo
groups, respectively) and AE due to worsening of UC (in 0 [0.0%], 4 [2.3%], and 16 [9.1%]
patientsin the ustekinumab every eightweeks, ustekinumab every 12 weeks, and placebo
groups, respectively).

Prior to week 40, 56 (21.5%) patients from the non-randomized population also
discontinued the study drug. Among 260 patients from the non-randomized population, 29
(18.5%) from the ustekinumab group and 27 (26.2%) from the placebo group discontinued
the study drug. The mostcommon reasons for discontinuation of the study drug among the
ustekinumab-induction delayed responders and placebo-induction responders were AEs
dueto worsening of UC (reported in 8 [5.1%] patients and 8 [7.8%] patients, respectively)
and lack of efficacy (reported in 10 [6.4%] patients and 9 [8.7%] patients, respectively)
(Table 10).

Table 9: Patient Disposition — UNIFI Maintenance Study, Randomized Population

Ustekinumab SC Placebo
90 mg g.12.w. Combined N =175
N=172 N =348
Screened, N 783
Randomized, N (%) 172 176 348 175
Discontinued study participation before week 44, 11 (6.39) 8 (4.54) 19 (5.45) 10 (5.71)
N (%)
Reason for discontinuing study participation before week 44, N (%)
Withdraw of consent 10 (5.8) 5(2.8) 15 (4.3) 8 (4.6)
Lost to follow-up 0 1(0.6) 1(0.3) 1(0.6)
Sponsor decision 0 1(0.6) 1(0.3) 1(0.6)
Death 0 0 0 0
Other 1(0.6) 1(0.6) 2 (0.6) 0
Discontinued study drug before week 40, N (%) 24 (14.0) 18 (10.2) 42 (12.1)2 43 (24.6)2
Reason for discontinuing study drug before week 40, N (%)
Adverse events 8 (4.7) 4(2.3) 12 (3.4) 19 (10.9)
Lost to follow-up 0 0 0 1(0.5)°
Lack of efficacy 7(4.1) 6 (3.4) 13 (3.7) 15 (8.6)
Withdrawal of consent 10 (5.8) 5(2.8) 15 (4.3)° 8 (4.5)°
Sponsor decision 0 1(0.3) 1(0.2)° 1(0.5)°
Death 0 0 0 0
Other 9 (5.23) 8 (4.54) 17 (4.9) 9(5.2)
ITT, N 172 176 348 175
PP, N 151 157 308 152
Safety, N°¢ 172 333 505 277

ITT = intention to treat; PP = per protocol; q.8.w. = every eight weeks; g.12.w. = every 12 weeks.

2 Total number of patients who discontinued the study drug prior to week 40 are included in the maintenance phase.

b Ten patients in the placebo group and 19 in the intervention group terminated study participation prior to week 44 but were already counted as discontinuations.
¢ Includes patients from both randomized and non-randomized sets of the maintenance study.

Source: UNIFI maintenance? study Clinical Study Report.
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Table 10: Patient Disposition — UNIFI Maintenance Study, Non-Randomized Population

Ustekinumab 90 mg SC Placebo

(delayed responders) (induction responders)

N =157

N =103

Allocated to group, N (%) 157 103
Discontinued study participation before 8 (5.09) 9(8.73)
week 44, N (%)
Reason for discontinuing study participation before week 44, N (%)
Withdraw of consent 5(3.2) 7 (6.8)
Lost to follow-up 1(0.6) 0
Sponsor decision 0 0
Death 1(0.6) 0
Other 1(0.6) 2(1.9)
Discontinued study drug before week 40, 29 (18.5) 27 (26.2)
N (%)
Reason for discontinuing study drug before week 40, N (%)
Adverse events 10 (6.4) 11 (10.7)
Lost to follow-up 0 0
Lack of efficacy 10 (6.4) 9 (8.7)
Withdrawal of consent 0 0
Death 1(0.6) 0
Other 6 (3.8) 4(3.9)
ITT, N 157 103
PP, N 149 94
Safety, N 157 103

ITT = intention to treat; PP = per protocol; SC = subcutaneous.

Source: UNIFI maintenance study? Clinical Study Report.
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Figure 4: Disposition of Patients in the Induction Phase of the UNIFI Study
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PLCB = placebo; q8w = every eight weeks; SC = subcutaneous; UST = ustekinumab.
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Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 5: Disposition of Patients in the Maintenance Phase of the UNIFI Study,
Randomized and Non-Randomized Populations
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Exposure to Study Treatments

There were no divergences between the groups of study in terms of exposure to
treatments. In the induction study, 960 of 961 patients received an IV administration of
eitherustekinumab or placebo at week 0: 641 patientsreceived ustekinumab doses (either
130 mg[n =321] or 6 mg/kg [n = 320]), while 319 received placebo. One patientwas
randomized to the 130 mg group but did not receive any study drug, and two patients were
randomized to the 6 mg/kg group but received a ustekinumab dose thatwas closerto

130 mg (these two patients were included in the 130 mg group for the safety analyses).

A total of 417 patients who were notin clinical response atweek 8 received an additional
single dose of the study drug at week 8 as follows:

o At week 8, 184 patients who received placebo atweek O received one dose of 6 mg/kg
IV of ustekinumab.

o At week 8, 233 patients who received ustekinumab atweek O received one dose of
ustekinumab 90 mg SC as follows:

o 132 patients who received ustekinumab 130 mg IV at week O received one dose of
ustekinumab 90 mg SC at week 8.

o 101 patients who received 6 mg/kg IV of ustekinumab atweek O received one dose of
ustekinumab 90 mg SC at week 8.

A total of 825 randomized patients received atleast one dose of ustekinumab during the
induction study; all 825 patients received a dose of IV ustekinumab and 233 received a
dose of ustekinumab 90 mg SC in addition to a dose of IV ustekinumab. As this was a
single-dose drug, there were no concernsin terms of furtheradherence until the next phase
of the study.

For the maintenance study, all 783 enrolled patients received an SC administration of either
ustekinumab or placebo atmaintenance baseline. Atotal of 523 patients were randomized
in the primary population and 260 patients were notrandomized. All enrolled patients
received the treatmentto which they were assigned atmaintenance baseline.

Those patients who were randomized to ustekinumab received an intervention as follows:

e 90 mgevery 12 weeks group: 172 patients received a median cumulative dose of
360.0mg

e 90 mg every eight weeks group: 176 patientsreceived a median cumulative dose of
540.0mg

In the non-randomized population, the 157 patientsin the ustekinumab-induction delayed-
responders group (receiving ustekinumab 90 mg SC every eightweeks) received a median
cumulative dose of 540.0 mg through week 44. In total, 505 patients received at leastone
dose of ustekinumab during the maintenance study.

Efficacy

Only those efficacy outcomes and analyses of subgroups identified in the review protocol
are reported subsequently.

Induction Study

Clinical remission at week 8: Using the global definition, i.e., a Mayo score of 2 points or
less with no individual subscore higherthan 1 at week 8, a statistically significant greater
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proportion of patientsin the 6 mg/kg (approximately) and 130 mg groups achieved clinical
remission (15.5% and 15.6%, respectively) compared with patientsin the placebo group
(5.3%; P < 0.001 for both comparisons) (Table 11). Similar results were reported forthe US
analysis (Appendix 3). Sensitivity analyses supported the robustness of the primary
analyses for both ustekinumab treatmentgroups versus placebo.

Overall, the subgroup analyses were consistentwith the primary analysis for the full study
population, with a greater percentage of patients achieving clinical remission at week 8 with
ustekinumab than with placebo (Appendix 3).

Clinical response at week 8: Clinical response was defined as a decrease from baseline
in the Mayo score of 30% or more and a decrease of 3 points or more, with eithera
decrease from baseline inthe rectal bleeding subscore of 1 pointor more or a rectal
bleeding subscore of 0 or 1. At week 8, a statistically significantgreater proportion of
patientsin the 6 mg/kg (approximately) and 130 mg groups achieved clinical response
(61.8% and 51.3%, respectively) compared with patientsin the placebo group (31.3%;

P < 0.001 forboth comparisons) (Table 11).

Health-related quality of life (HRQoL): At baseline, median IBDQ scores were similar
across all treatmentgroups (Table 11). At week 8, the median improvements from baseline
in the IBDQ scores were statistically significantly greaterin the 6 mg/kg (approximately) and
130 mggroups (31.0 and 31.5, respectively) compared with the placebo group (10.0;

P < 0.001 for both comparisons).

At week 8, greater proportions of patientsin the 6 mg/kg (approximately) and 130 mg
groups (45.3% and 48.3%, respectively) had a animprovementof 5 points or more in the
SF-36 Physical Component Summary (PCS) compared with patients in the placebo group
(26.0%; P < 0.001 for both comparisons) (Table 11).

At baseline,the mean EQ-5D index and health state Visual Analogue Scale (VAS) scores
were similar across all treatmentgroups. At week 8, the mean changes from baseline in
EQ-5D and the health state VAS were greater for patients inthe 130 mg and 6 mg/kg
groups compared with those in the placebo group with | lEGcNcNGNGNEEEEEEEEEE
I, - change from baseline of

13.64 and 13.51 units in favour of the intervention (P < 0.001) for health state VAS. At
baseline, the distributions for each of the five dimensions (mobility, self-care, usual
activities, pain/discomfort, and anxiety/depre ssion) were generally consistentacross
treatmentgroups. At week 8, a greater proportion of patients had improvementin the
dimensions of usual activities, pain/discomfort, and anxiety/depression for each
ustekinumab group compared with placebo (P < 0.002). A difference inthe self-care
dimension was also noted in the 6 mg/kg (approximately) group (P = 0.044) compared with
the placebo group, but this was not observed in the 130 mg group. Improvementin mobility
was not observed.

Need for colectomy at week 8: Only two patientsin the placebo group and none in the
ustekinumab groups required colectomy.

Mucosal healing: Atweek 8, statistically significant greater proportions of patientsin the
6 mg/kg (approximately) and 130 mg groups achieved endoscopic healing (27.0% and
26.3%, respectively) compared with patientsin the placebo group (13.8%; P < 0.001 for
both comparisons) (Table 11). Mucosal healing was defined as a combination of
endoscopic and histologic healing (i.e., neutrophil infiltration in <5% of crypts, no crypt
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destruction, and no erosions, ulcerations, or granulation tissue). Statistically significantly
greater proportions of patients in the 6 mg/kg (approximately) and 130 mg groups achieved
mucosal healing (18.4% and 20.3%, respectively) compared with patients in the placebo
group (8.9%; P < 0.001 for both comparisons) atweek 8.

Work productivity at week 8: Mean decreases from baseline were greater for patientsin
the 6 mg/kg (approximately) and 130 mg groups in each of the four Work Productivity and
Activity Questionnaire (WPAI) categories compared with the placebo group, as follows
(Table 11):

e Percentage of time missed from work at week 8: Mean decreases from baseline were

9.1% and 5.9% inthe 6 mg/kg (approximately) and 130 mg groups, respectively,
compared with 3.7% in the placebo group (P = 0.039 and P = 0.001, respectively).

e Percentage of impairmentwhile working due to health at week 8: Mean decreases from

baseline were 20.4% and 15.1% inthe 6 mg/kg (approximately) and 130 mg groups
respectively, compared with 6.9% in the placebo group (P < 0.001 and P =0.019,
respectively).

e Percentage of overall workimpairmentdue to health at week 8: Mean decreases from

baseline were 21.8% and 17.2% inthe 6 mg/kg (approximately) and 130 mg groups,
respectively, compared with 8.0% in the placebo group (P < 0.001 and P = 0.006,
respectively).
o Percentage of activity impairmentdue to health at week 8: Mean decreases from
baseline were 20.8% and 17.7% inthe 6 mg/kg (approximately) and 130 mg groups,
respectively, compared with 10.9% in the placebo group (P < 0.001and P =0.003,
respectively) (see also Table 11).

Table 11: Efficacy Outcomes — UNIFI Induction Study, Efficacy Population

Ustekinumab IV

Combined

N =642
Clinical remission (global definition) at week 82
Number of patientsin clinical remission, 50 (15.6) 50 (15.5) 100 (15.6) 17 (5.3)
n (%)
Risk difference againstplacebo, (95% CI); 10.3 (5.7 to 14.9); 10.2 (5.6 to 14.8); 10.2 (6.6 to 13.9); -
P value <0.001 <0.001 <0.001
Clinical response at week 82
Patients in clinical remission, n (%) 164 (51.3) 199(61.8) 363 (56.5) 100 (31.3)
Risk difference againstplacebo, (95% CI); 19.9 (12.5¢27.3); | 30.5(23.2to0 37.8); 25.2(18.9to -
P value <0.001 <0.001 31.5);

<0.001
Endoscopic healing at week 82
Number of patients with mucosal endoscopy 84 (26.3) 87 (27.0) 171 (26.6) 44 (13.8)
healing, n (%)
Risk difference againstplacebo, (95% CI); 12.4 (6.5 to 18.4); 13.3(7.3109.3); 12.8 (7.9 to 17.8); -
P value <0.001 <0.001 <0.001
IBDQ score at week 82
Total IBDQ score

Baseline (n) 316 321 637 317
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130 mg ~6 mg/kg Combined
N =320 N =322 N =642

Placebo

Mean score at baseline (SD) 126.0(33.14) 127.0(33.27) 126.5(33.19) 127.4 (34.45)
Mean score at week 8 (n) 319 322 641 319
Mean at week 8 (SD) 159.2(37.16) 161.9 (35.64) 160.6 (36.40) 143.5(39.96)
Change from baseline, (n) 316 321 637 317
Change from baseline, mean (SD); 33.4 (32.53); 35.0 (31.86); 34.2 (32.18); 16.1 (31.39)
P value <0.001 <0.001 <0.001
Number of patients with an improvement 196 (61.3) 200(62.1) 396 (61.7) 118(37.0)
of > 20 points from baseline, n (%)
Risk difference againstplacebo, (95% CI); 243 (16.61to 251 (17.43to 24.7 (18.0to -
P value 31.57); 32.34); 31.0);
<0.001 <0.001 <0.001
SF-36 score at week 82
Physical Component Summary
Baseline (n) 318 322 640 319
Mean score at baseline (SD) 43.1 (7.85) 43.1 (7.73) 43.1 (7.79) 43.6 (7.96)
Mean score at week 8 (n) 318 322 640 319
Change from baseline, mean (SD); 4.7 (6.49);<0.001 | 5.2(6.16);<0.001 | 4.9(6.33);<0.001 2.1(6.39)
P value
Number of patients with an improvement 154 (48.3) 146 (45.3) 300 (46.8) 83 (26.0)
from baseline in the PCS of at least
5 points, n (%)
Risk difference againstplacebo, (95% CI); 22.3(14.87to 19.3(11.92to 20.8 (14.43to0 -
P value 29.38); 26.38); 26.73);
<0.001 <0.001 <0.001
Mental Component Summary
Baseline (n) 318 322 640 319
Mean score at baseline (SD) 40.1 (10.85) 40.5 (10.59) 40.3 (10.71) 40.5(11.43)
Mean score at week 8 (n) 318 322 640 319
Change from baseline, mean (SD); 5.3(9.63);<0.001 | 5.1(9.72);<0.001 | 5.2(9.67);<0.001 2.2 (10.20)
P value
Improvement from baseline in the MCS 140(43.9) 143 (44.4) 283(44.1) 100(31.3)
of at least5 points, n (%)
Risk difference againstplacebo, (95% CI); 12.6 (5.09to 12.8 (5.29to 12.8 (6.29to -
P value 19.91); 20.09); 18.99);
<0.001 <0.001 <0.001
EQ-5D score at week 82
EQ-5D index
Baseline (n) 319 322 641 317
Mean score at baseline (SD) 0.67 (0.204) 0.67 (0.195) 0.67 (0.199) 0.66 (0.208)
Mean score at week 8 (n) 319 322 641 317
Change from baseline, mean (SD); 0.09 (0.182); 0.11 (0.172); 0.10 (0.177); 0.04 (0.182)
P value <0.001 <0.001 <0.001
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Health state VAS

Ustekinumab IV

CADTH

130 mg ~6 mg/kg Combined
N =320 N =322 N =642

Placebo

Baseline (n) 319 322 641 317
Mean score at baseline (SD) 54.14 (20.54) 55.76 (19.33) 54.95(19.94) 55.11 (20.81)
Week 8 (n) 319 322 641 317
Change from baseline, mean (SD); 13.64 (20.39); 13.51(18.44); 13.58(19.42); 5.71 (19.58)
P value <0.001 <0.001 <0.001
Need for colectomy at week 82
Number of patients needing a colectomy, 0 0 0 2 (0.6)
n (%)
Risk difference againstplacebo, (95% CI); 0.6 (-0.13t0 2.21); | 0.6 (-0.13t0 2.21); 0.6 (-0.13 to -
P value 0.11 0.11 2.21);0.11
Work productivity at week 82
Percentage of work time missed due to
health
Baseline (n) 195 208 403 182
Mean at baseline (SD) 18.0 (30.22) 17.7 (29.07) 17.8 (29.59) 19.3 (32.32)
Week 8 (n) 192 207 399 165
Mean at week 8 (SD) 9.7 (24.02) 7.5 (19.50) 8.6 (21.79) 14.5 (29.19)
Change from baseline, (n) 173 190 363 147
Change from baseline, mean (SD); -5.9(31.39);0.039 | -9.1(23.84);0.001 -7.6 (27.70); -3.7 (30.41)
P value 0.002
Percentage of impairment while working
due to health
Baseline (n) 176 192 368 164
Mean at baseline (SD) 435 (25.61) 453 (24.77) 44.4 (25.16) 39.1 (25.49)
Week 8 (n) 185 203 388 153
Mean at week 8 (SD) 27.4 (24.76) 26.2 (22.29) 26.8 (23.48) 31.0 (25.46)
Change from baseline, (n) 156 178 334 129
Change from baseline, mean (SD); -15.1 (29.17); -20.4 (24.11); -17.9 (26.68); -6.9 (21.89)
P value 0.019 <0.001 <0.001
Percentage of overall work impairment due to health
Baseline (n) 176 191 367 164
Mean at baseline (SD) 47.5 (27.52) 49.1 (26.32) 48.3 (26.88) 43.7 (27.48)
Week 8 (n) 184 203 387 152
Mean at week 8 (SD) 29.3 (27.01) 29.0 (24.69) 29.1 (25.79) 34.4 (27.96)
Change from baseline, (n) 155 178 333 128
Change from baseline, mean (SD); -17.2 (30.36); -21.8 (26.26); -19.7 (28.29); -8.0 (24.83);
P value 0.006 <0.001 <0.001
Percentage of activity impairment due to health
Baseline (n) 319 318 637 315
Mean at baseline (SD) 52.8 (27.07) 52.4 (26.90) 52.6 (26.96) 51.8 (26.37)
Week 8 (n) 303 310 613 293
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Ustekinumab IV Placebo
130 mg ~6 mg/kg Combined
N =320 N =322 N =642
Mean at week 8 (SD) 35.1(27.24) 31.3 (26.04) 33.2 (26.69) 40.1 (27.73)
Change from baseline, (n) 303 307 610 289
Change from baseline, mean (SD); -17.7 (29.45); -20.8 (26.27); -19.3 (27.92); -10.9 (28.66)
P value 0.003 <0.001 <0.001

Cl = confidence interval; EQ-5D = EuroQol 5-Dimensions; IBDQ = Inflammatory Bowel Disease Questionnaire; MCS = Mental Component Summary; PCS = Physical
Component Summary; SD = standard deviation; SF-36 = Short Form (36) Health Survey; VAS = Visual Analogue Scale.

Note: P values represent comparison against placebo.
2 All percentages and values calculated for each variable are based on the primary efficacy population, unless stated otherwise.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
Maintenance Study

Clinical remission at week 44: Using the global definition (a Mayo score of < 2 points with
no individual subscore >1 at week 44), a significantly greater proportion of patientsin the
ustekinumab every eightweeks group and ustekinumab every 12 weeks group reached
clinical remission (43.8% and 38.4%, respectively) compared with the placebo group
(24.0%; P <0.001 and P = 0.002, respectively) (Table 12). Similar results were found using
the US-based definition for clinical remission (Appendix 3). Sensitivity analyses supported
the primary analysis.

Subgroup analyses were also generally consistentwith the primary analysis for the full
population. However, itwas reported in the UNIFI maintenance study thatfor the induction-
treatmentsubgroups (ustekinumab 6 mg/kg IV [approximately], 130 mg IV, or placebo IV),
there may be a lower maintenance-treatmenteffecton clinical remission (particularly for the
every 12 weeks regimen) for patients who had received the 130 mg IV induction treatment
or the placebo IV induction treatment. The sample sizes forthese analyses were relatively
small and estimates were imprecise.

Corticosteroid-free clinical remission at week 44: A statistically significantgreater
proportion of patients were in clinical remission and notreceiving concomitant
corticosteroids at week 44 in the ustekinumab every eightweeks and every 12 weeks
groups (42.0% and 37.8%, respectively), compared with 23.4% in the placebo group (P

< 0.001 and P = 0.002, respectively) (Table 12). Similar results were reported using the US
definition of clinical remission (Appendix 3).

Maintenance of clinical response at week 44: This was defined as a decrease from
induction baseline in the Mayo score of 30% or more and a decrease of 3 points or more,
with either a decrease from induction baseline in the rectal bleeding sub score of 1 point or
more or a rectal bleeding subscore of 0 or 1. A statistically significantdifference was
observed inthe proportion of patients in the ustekinumab every eightweeks and every

12 weeks groups who sustained clinical response through week 44 (71.0% and 68.0%,
respectively) versus the placebo group (44.6%; P < 0.001 for both comparisons) (Table 12).

HRQoL: Upuntil week 44, each of the four dimensionsin scores related to quality of life
using the IBDQ decreased (deteriorated) for patients in the placebo group; nonetheless, the
improvements detected at maintenance baseline were sustained in each of the
ustekinumab groups (P < 0.002 for all dimensions), with a change from maintenance
baseline (standard deviation) of 172.3 (40.9) and 178.2 (32.7) points in the every 12 weeks
and every eightweeks groups, respectively, when compared with the placebo group.
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Greater proportions of patients in the ustekinumab every eightweeks and every 12 weeks
groups had a greater than 20-pointimprovementfrom induction baseline inthe IBDQ score
at maintenance week 44 (69.9% and 66.3%, respectively) compared with patientsin the
placebo group (42.9%; P < 0.001 for both comparisons) (Table 12). All differences were
statistically significant.

SF-36 physical and mental scores were similar across all treatmentgroups at baseline. At
week 44, the SF-36 physical and mental scoresincreased in the ustekinumab every eight
weeks group, were maintained in the ustekinumab every 12 weeks group, and decreased in
the placebo groups. For instance, among patients with an improvement of 5 points or more
(from induction baseline) in the SF-36 physical score at maintenance baseline, significantly
greater proportions of the ustekinumab every eightweeks and every 12 weeks groups
maintained an improvementof 5 points or more through maintenance week 44 (62.4% and
59.5%, respectively) compared with patients in the placebo group (38.3%; P = 0.002 and

P = 0.004, respectively) (Table 12); and,among patients with a an improvementof 5 points
or more (from induction baseline) in the SF-36 mental score at maintenance baseline,
significantly greater proportions of those receiving ustekinumab every eightweeks or every
12 weeks maintained this level of improvement through maintenance week 44 (59.8% and
58.3%, respectively) compared with patients in the placebo group (36.1%; P = 0.001 and

P = 0.002, respectively) (Table 12).

The mean EQ-5D index and EQ-5D health state VAS scores were similaracrossall

treatmentgroups at baseline. Through week 44, the EQ-5D index and EQ-5D health state
VAS scores were maintained for patients in the ustekinumab every eightweeks and every
12 weeks groups and decreased (worsened) for patients in the placebo group (Table 12).

Need for colectomy through week 44: One patientin each ustekinumab group (eight
weeks and every 12 weeks) required a colectomy, while three in the placebo group
underwentthis surgery (P = 0.220) (Table 12).

Mucosal endoscopy healing through week 44: The outcome of mucosal healing was
defined as a combination of endoscopic healing and histologic healing of note;in the data
displays, histologic healing isreferred to as 0% to less than 5% neutrophilsin epithelium,
no crypt destruction, and no erosions or ulcerations or granulations. At week 44,
significantly greater proportions of patients in the ustekinumab every eightweeks and every
12 weeks groups achieved mucosal healing (45.9% and 38.8%, respectively) compared
with patientsin the placebo group (24.1%; P < 0.001 and P = 0.002, respectively)

(Table 12).

Work productivity: At maintenance baseline,the mean percentageswere similar across
all treatmentgroups within each of the four Work Productivity and Activity Impairment
Questionnaire — General Health (WPAI-GH) domains. At week 44, WPAI-GH percentages
were maintained from maintenance baseline for the ustekinumab groupsin all four WPAI
domains, with additional improvement(i.e.,decrease) observed in patients in the
ustekinumab every eightweeks group in percentage of impairmentwhile working due to
health, percentage of overall work impairmentdue to health, and percentage of activity
impairmentdue to health. For patients in the placebo group, percentages for all four WPAI-
GH domainsworsened (i.e.,increased).
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Other parameters were as follows:

CADTH

e Percentage of work time missed due to health: Mean changes from baseline were
-2.0%, 2.1%, and 4.7% in the ustekinumab every 12 weeks, ustekinumab every eight

weeks, and placebo groups, respectively (Table 12).

e Percentage ofimpairmentwhile working due to health: Mean changes from baseline
were -1.6% and -6.4% in the ustekinumab every 12 weeks and every eightweeks
groups, respectively, compared with 7.4% in the placebo group.

e Percentage of overallworkimpairmentdue to health: Mean changes from baseline were
-2.2% and -6.1% in the ustekinumab every 12 weeks and every eightweeks groups,
respectively, compared with 7.7% in the placebo group.

e Percentage of activity impairmentdue to health: Mean changes from baseline were 0.8%
and -4.2% in the ustekinumab every 12 weeks and ustekinumab every eightweeks
groups, respectively, compared with 9.3% in the placebo group.

Table 12: Efficacy Outcomes — UNIFI Maintenance Study, Randomized Population

90 mg q.12.w.

Ustekinumab SC

90 mg g.8.w.

Combined

N=172

Clinical remission (global definition) at week 442

N =176

N =348

Number of patientsin clinical remission, 66 (38.4) 77 (43.8) 143(41.1) 42 (24.0)

n (%)

Risk difference againstplacebo, (95% Cl); 145 (5.5t0 23.6 19.7 (10.3to 17.1(9.3t0 -

P value 23.79);0.002 29.0);<0.001 24.9); <0.001

Clinical response at week 442

Number of patients with clinical response, 117 (68.0) 125(71.0) 242 (69.5) 78 (44.6)

n (%)

Risk difference againstplacebo, (95% CI); 23.4 (13.00t0 33.08); 26.4 (16.14to 25.0 (16.4t0 -

P value <0.001 35.87);<0.001 33.6); <0.001

Corticosteroid-free clinical remission at week 442

Number of patientsin corticosteroid-free 65 (37.8) 74 (42.0) 139(39.9) 41 (23.4)

clinical remission, n (%)

Risk difference againstplacebo, (95% CI); 14.5 (5.5 to 23.6); 18.5 (9.3 t0 27.8); 16.5(8.8to -

P value 0.002 <0.001 24.3);<0.001

IBDQ scores at week 442

Total IBDQ score
Maintenance baseline (n) 172 174 346 174
Mean score at maintenance baseline (SD) 175.4 (29.75) 174.1(26.76) 174.7 (28.25) 174.3(29.15)
Week 44 (n) 172 176 348 174
Mean score at week 44 (SD) 172.3(40.97) 178.2(32.71) 175.3(37.09) 159.3(40.67)
Change from maintenance baseline, (n) 172 174 346 173
Change from maintenance baseline,mean | -3.0 (32.89); <0.001 3.9 (31.54); 0.5 (32.36); -15.1 (35.43)
(SD); P value® <0.001 <0.001

-
| | | I |
| [ [ I | N
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Ustekinumab SC Placebo

90 mgqg.12.w. 90 mg g.8.w. Combined N=175
N=172 N =176 N = 348

Number of patients with an IBDQ 114 (66.3) 123(69.9) 237 (68.1) 75 (42.9)
improvement of > 20 points from
induction baseline, n (%)

Risk difference againstplacebo, (95% CI); 23.4 (12.9610 33.12); 27.0 (16.70to 25.2 (16.22t0 -
P value <0.001 36.48); <0.001 33.70); <0.001

SF-36 scores at week 442

Physical Component Summary

Maintenance baseline (n) 172 175 347 173
Mean at maintenance baseline (SD) 50.7 (6.86) 50.0 (6.88) 50.3 (6.87) 50.0 (6.65)
Week 44 (n) 172 176 348 175
Mean at week 44 (SD) 50.3 (7.82) 51.3 (7.14) 50.8 (7.49) 48.3 (7.67)
Change from maintenance baseline, (n) 172 175 347 173
Change from maintenance baseline, mean -0.4 (7.14);0.009 1.3 (5.68); < 0.001 0.5 (6.49); -1.7 (6.45)
(SD); P value® <0.001
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Ustekinumab SC Placebo
90 mg q.12.w. 90 mg q.8.w. Combined =d
N=172 N=176 N =348
Number of patients with an improvement 66 (59.5) 58 (62.4) 124 (60.8) 31 (38.3)
from maintenance baseline in the PCS of
at least 5 points, n (%)
Difference againstplacebo, (95% CI); 21.2 (10.70to 31.04); 24.1 (13.68to 225(13.46t0 -
P value <0.001 33.78); <0.001 30.99); <0.001
Mental Component Summary
Maintenance baseline (n) 172 175 347 173
Mean score at baseline (SD) 47.1 (9.99) 48.1 (8.63) 47.6 (9.33) 47.6 (9.41)
Week 44 (n) 172 176 348 175
Mean score at week 44 (SD) 47.4 (10.65) 48.5 (9.69) 48.0 (10.18) 45.3 (11.16)
Change from maintenance baseline, (n) 172 175 347 173
Change from maintenance baseline, mean 0.3 (8.41); 0.006 0.3 (9.51); 0.002 0.3 (8.97); -2.4 (9.89)
(SD); P value® <0.001
Improvement from maintenance baseline 56 (58.3) 58 (59.8) 114(59.1) 30(36.1)
in the MCS of at least 5 points, n (%)
Risk difference againstplacebo, (95% CI); 22.2 (11.72to0 32.00); 23.7 (12.28to 23 (13.97to -
P value <0.001 33.39); <0.001 31.42);<0.001
EQ-5D scores at week 442
EQ-5D index score
Maintenance baseline (n) 172 175 347 173
Mean score at baseline (SD) 0.810(0.1563) 0.801(0.1588) 0.8006 (0.1574) | 0.820(0.15)
Week 44 (n) 172 175 347 175
Mean score at week 44 (SD) 0.819(0.1759) 0.827(0.1612) 0.823(0.1684) 0.773
(0.1739)
Change from maintenance baseline,mean | 0.008 (0.1656); 0.001 0.025(0.1674); 0.017(0.166); -0.048
(SD); P value® <0.001 <0.001 (0.158)
Health state VAS
Maintenance baseline (n) 172 175 347 173
Mean score at baseline (SD) 75.7 (16.28) 73.2 (16.24) 74.4 (16.28) 75.2 (13.57)
Week 44 (n) 172 176 348 175
Mean score at week 44 (SD) 73.5(21.90) 75.6 (17.37) 74.6 (19.74) 67.4 (20.07)
Change from maintenance baseline, (n) 172 175 347 173
Change from maintenance baseline,mean | -2.2 (19.87);<0.001 2.4 (17.28); 0.1 (18.72); -7.7 (18.75)
(SD); P value® <0.001 <0.001
Need for colectomy at week 442
Number of patients needing a colectomy, 1(0.6) 1(0.6) 2(0.6) 317
n (%)
Difference againstplacebo, (95% Cl); 1.1 (-1.77 to 4.33); 1.1 (-1.73to 1.1 (-0.78 to -
P value 0.38 4.33);0.33 4.32);0.22
Mucosal endoscopy healing at week 442
Number of patients with mucosal endoscopic 66 (38.8) 79 (45.9) 145 (42.4) 41 (24.1)
healing, n (%)
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Ustekinumab SC Placebo
90 mg q.12.w. 90 mg q.8.w. Combined =d
N=172 N=176 N =348

Difference againstplacebo, (95% ClI); 14.7 (4.831t0 24.1); 21.8(11.7to 18.3(9.6 to -

P value 0.002 31.2);<0.001 26.1); <0.001

Work productivity at week 442

Percentage work time missed due to

health
Maintenance baseline (n) 112 113 225 111
Mean at baseline (SD) 9.4 (25.65) 2.8 (8.56) 6.1 (19.33) 6.5 (17.13)
Week 44 (n) 108 109 217 108
Mean at week 44 (SD) 9.3 (24.83) 4.4 (16.16) 6.8 (21.03) 11.6 (26.27)
Change from maintenance baseline, (n) 95 98 193 99
Change from maintenance baseline, mean -2.0 (22.16); 0.133 2.1 (19.07);0.172 | 0(20.70);0.096 4.7 (21.83)
(SD); P value®

Percentage of impairment while working due to health
Maintenance baseline (n) 105 113 218 109
Mean at baseline (SD) 21.9 (20.24) 21.2 (18.74) 21.5(19.44) 21.0 (22.69)
Week 44 (n) 103 107 210 101
Mean at week 44 (SD) 18.9 (24.89) 14.3 (18.12) 16.6 (21.78) 26.9 (25.87)
Change from maintenance baseline, (n) 88 96 184 95
Change from maintenance baseline, mean -1.6 (24.02);0.017 -6.4 (23.80); -4.1(23.96); 7.4 (30.50)
(SD); P value® <0.001 <0.001

Percentage of overall work impairment due to health
Maintenance baseline (n) 105 113 218 109
Mean at baseline (SD) 23.7 (22.51) 23.0 (20.42) 23.3 (21.40) 23.6 (24.92)
Week 44 (n) 103 107 210 101
Mean at week 44 (SD) 20.7 (27.78) 16.2 (20.16) 18.4 (24.25) 29.3 (28.46)
Change from maintenance baseline, (n) 88 96 184 95
Change from maintenance baseline, mean -2.2 (24.65); 0.013 -6.1 (26.60); -4.2 (25.69); 7.7 (32.77)
(SD); P value® <0.001 <0.001

Percentage of activity impairment due to health
Maintenance baseline (n) 172 175 347 172
Mean at baseline (SD) 24.9 (23.23) 26.3 (22.90) 25.6 (23.05) 26.3 (23.62)
Week 44 (n) 160 159 319 166
Mean at week 44 (SD) 25.9 (28.25) 21.2 (25.14) 23.5(26.81) 35.3(29.78)
Change from maintenance baseline, (n) 160 158 318 163
Change from maintenance baseline, mean 0.8 (26.65); 0.002 -4.2 (25.42); -1.7 (26.12); 9.3 (31.71)
(SD); P value® <0.001 <0.001

CIl = confidence interval; EQ-5D = EuroQol 5-Dimensions; IBDQ = Inflammatory Bowel Disease Questionnaire; MCS = Mental Component Summary; PCS = Physical
Component Summary; g.8.w. = every eight weeks; g.12.w. =every 12 weeks; SC = subcutaneous; SD = standard deviation; SF-36 = Short Form (36) Health Survey;

VAS = Visual Analogue Scale.
2 All percentages and values calculated for each variable are based on the primary efficacy population unless stated otherwise.
b Comparison against placebo.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Harms

For the induction study, summaries of AEs and other safety data were based on the safety
analysis set, i.e., patients who received at least one dose of the study drug, including a
partial dose. Patients were evaluated according to the treatmentreceived. The final safety
visit was at 20 weeks after the last administration of the study drug. Among the 960 patients
in the safety analysis set, one or more AEs was reported through week 8 for 50.0%, 41.4%,
and 48.0% of patientsin the 6 mg/kg (approximately), 130 mg, and placebo groups,
respectively (Table 13). Through week 8, serious AEs were reported for 3.1%, 3.7%, and
6.6% of patientsin the 6 mg/kg (approximately), 130 mg, and placebo groups, respectively.
The percentage of patients with one or more AEs within one hour of infusion were 0.9%,
2.2%, and 1.9% in the 6 mg/kg (approximately), 130 mg, and placebo groups, respectively.
The proportions of patients with one or more infections were 15.3%, 15.9%, and 15.0%in
the 6 mg/kg (approximately), 130 mg, and placebo groups, respectively. Serious infections
were reported for 0.3%, 0.6%, and 1.3% of patients in the 6 mg/kg (approximately), 130 mg,
and placebo groups, respectively. One patient inthe 6 mg/kg (approximately) group died on
study day 42 due to an unrelated event, esophageal varices hemorrhage. The most
frequently reported AEs were infections; among these, viral upper respiratory tract infection
was the mostcommon presentation (5.0%, 4.0%, and 2.5% in the 6 mg/kg [approximately],
130 mg, and placebo groups, respectively). In the gastrointestinal disorders, the most
frequently reported AEswere UC (2.2%, 2.8%, and 5.6% of patients, respectively), nausea
(2.2%, 2.5%, 1.9% of patients, respectively),and abdominal pain (1.9%, 2.5%, 2.2% of
patients, respectively).

For the maintenance study, the safety data were analyzed on all treated patients
(randomized and non-randomized populations). In total, 783 patients were treated in this
maintenance study; of these, 523 patients were randomized and 260 were notrandomized.
Of the 783 patients who received at least one administration of the study drug in the
maintenance study, one or more AEs was reported through week 44 for 73.7% of the all-
ustekinumab group and 75.5% of the placebo group (Table 14). One or more serious AEs
were reported for 9.7%, 3.5%, and 9.3% in patientsin the placebo, ustekinumab every

12 weeks, and ustekinumab every eightweeks groups, respectively. The mostcommon AE
reported was UC. More patients stopped treatmentdue to AE in the placebo group (11.6%)
versus those in the ustekinumab every 12 weeks (5.2%) and every eightweeks (5.1%)
groups. Of the notable harms, among all treated patients, serious infections were reported
in 11 (2.2%) patientsin the all-ustekinumab group and 5 (1.8%) in the placebo group.

Only one death was reported in the ustekinumab every eightweeks group. See Table 13
and Table 14 for detailed harms data.

Table 13: Summary of Harms — UNIFI Induction Study, Safety Analysis Set

Ustekinumab IV

Combined
N =641
Patients with 2 1 adverse event
n (%) 133(41.4) 160(50.0) 293 (45.7) 153 (48)
Most common events?
Headache 22 (6.9) 13(4.1) 35(5.5) 14 (4.4)
Upper respiratory tract infection (viral) 13 (4.0) 16 (5.0) 29 (4.5) 8 (2.5)
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Ustekinumab IV Placebo
N =319
N =321 N =320 N =641
Colitis ulcerative 9(2.8) 7(2.2) 16 (2.5) 18 (5.6)
Anemia 7((2.2) 8(2.5) 15 (2.3) 11 (3.4)
Nausea 8 (2.5) 6 (1.9) 15 (2.3) 6 (1.9)
Nasopharyngitis 1(0.3) 8 (2.5) 9(1.4) 1(0.3)
Pruritis 8 (2.5) 3(0.9) 11 (1.7) 4(1.3)
Arthralgia 3(0.9) 6 (1.9) 9 (1.4) 2 (0.6)
Influenza 2(0.6) 1(0.3) 3(0.5) 0
Patients with 2 1 serious adverse event
n (%) 12 (3.7) 10 (3.1) 22 (3.4) 21 (6.6)
Most common events
Colitis ulcerative 3(0.9) 2(0.6) 5(0.8) 8 (2.5)
Infections 2 (0.6) 1(0.3) 3(0.5) 4(1.3)
Patients who stopped treatment due to adverse events®
n (%) | NA NA | NA | NA
Deaths
n (%) | 0 1(03) | 1(0.15) | 0
Notable harms
Seriousinfections, n (%) 2(0.6) 1(0.3) 3(0.5) 4(1.3)
Malignancies, n (%) 0 0 0 0
Hypersensitivity or anaphylactic reactions, n (%) 0 0 0 0
MACE, n (%) 0 0 0 0
Thrombosis (any kind), n (%) 0 2(0.6) 2(0.3) 0

MACE = major adverse cardiovascular event; NA = not applicable.

2Frequency > 5% in any of both phases or studies.

b Data are shown as not applicable because patients received only one dose of the IV medication.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.

Table 14: Summary of Harms — UNIFI Maintenance Study, Randomized and
Non-Randomized Populations

Ustekinumab SC Placebo
N=172 N =333 N =505
Patients with 2 1 adverse event
n (%) 119(69.2) 253(76.0) 372(73.7) 209 (75.5)
Most common events?
Nasopharyngitis 31(18.0) 45 (13.5) 76 (15.0) 35(12.6)
Colitis, ulcerative 19 (11.0) 44 (13.2) 63 (12.5) 74 (26.7)
Headache 11 (6.4) 27 (8.1) 38 (7.5) 9(3.2)
Arthralgia 15 (8.7) 21 (6.3) 36 (7.1) 20 (7.2)
Upper respiratory tract infection 5(2.9) 23 (6.9) 28 (5.5) 12 (4.3)
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Ustekinumab SC Placebo
N=172 N =333 N =505

Anemia 9(5.2) 16 (4.8) 25 (5.0) 18 (6.5)

Influenza 6 (3.5) 17 (5.1) 23 (4.6) 12 (4.3)
Patients with 2 1 serious adverse event
n (%) 6 (3.5) 31(9.3) 37 (7.3) 27 (9.7)
Most common events

Colitis, ulcerative 1(0.6) 9(2.7) 10 (2.0) 10 (3.6)

Infections 0 4(1.2) 4 (0.8) 4(1.4)
Patients who stopped treatment due to adverse events
n (%) | 9(5.2) 17 (5.1) 26 (5.1) | 32(116)
Deaths
n (%) | 0 1(0.3) 1(0.2) | 0
Notable harms
Seriousinfections, n (%) 6 (3.5) 5(1.5) 11 (2.2) 5(1.8)
Malignancies, n (%) 1(0.6) 1(0.3) 2(0.4) 1(0.4)
Hypersensitivity / anaphylactic reactions, n (%) 0 0 0 0
MACE, n (%) 0 0 0 1(0.4)
Thrombosis (any kind), n (%) 1(0.6) 0 1(0.2) 0

MACE = major adverse cardiovascular event; q.8.w. = every eight weeks; q.12.w. =every 12 weeks; SC = subcutaneous.

2Frequency > 5% in any of both phases/studies.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.

Critical Appraisal
Internal Validity

Both phases of the study had a proper randomization process. The generation of the
randomization sequence was adequate, and the allocation sequence was concealed until
participants were enrolled and assigned to the interventions. Furthermore, the differences
noted in baseline characteristics in the induction and maintenance phases were small and
unlikely to have a meaningful impact on the validity of the results. The blinding of
participants, clinicians, and researchers was achieved through identical placebo and
ustekinumab presentations, which avoided importantand unbalanced deviations from the
intended interventions. There is no clear evidence that participants were aware of their
assigned intervention during the trial. Patients who discontinued or deviated from the
interventions were properly analyzed based onthe ITT principle.

Subgroup analyses were adequately performed to examine the consistency of the
treatmenteffectobserved for the outcomes of clinical remission atweek 8 (global definition)
when the sample size of a subgroup did not preclude interpretation of the data. Although
the clinical rationale for the analysis of subgroupsis sound, some analyses were
considered underpowered to detect a significanteffectfrom modifiers. Multiplicity was
considered and adequate tests were conducted (i.e., the CMH chi-square test) forall
outcomesin both phases of the study.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 64



CADTH

Overall, follow-up was relatively complete for the primary end point, with more than 94% of
patients completing the induction trial. Even when 81.5% (783 of 961) of the patientsinitially
randomized in the induction study entered the maintenance study (randomized and non-
randomized population), the rest of the 129 of patients who did not enter the maintenance
phase (13.4%) completed the final safety visit.

Overall, the analyses appeared to adhere to the ITT approach. Differencesin missing data
between groups of study were small and unlikely to affectthe final results.

Outcomes were objectively obtained with validated tools (Appendix 4) and the processesto
accomplish outcome measurements were well described and assessed in a blinded
fashion. There is a low risk of bias due to selection of the reported results. A protocolis well
described for both studies and the results analyzed are in accordance with the pre-specified
analysis plan.

The UNIFI maintenance phase used re-randomization atweek 8 for the ustekinumab
patients who responded to induction therapy in the induction phase. The strength of this
designis that it allows evaluation of whether the response is maintained in the absence or
presence of continued ustekinumab therapy. The use of separate induction and
maintenance studiesis consistentwith European Medicines Agency guidance for the
developmentof drugsforthe treatmentof UC. However, a limitation of this approach
includes the fact that all patients enrolled in the maintenance phase were a select
population: they were respondersto induction therapy and, as well, were able to tolerate
treatmentwith ustekinumab. However, this design is reasonable because these are also the
patients who would be continued on treatmentin clinical practice; nonetheless, from a
research perspective, this design may obscure the true effectiveness and occurrence of
AEs. This also has implications for the central “placebo” connection in the indirect
comparison analyses (see indirectevidence section thatfollows).

External Validity

The populationsincluded in the induction and maintenance phases of the UNIFI trial are
similar overall to what is encountered in clinical practice and relevantto the population of
interest for this review. Also, the doses of ustekinumab administered are in accordance with
what would be expected in real-life practice. Adherence could be overstated, however, as it
is a high proportion of patients who adhered to treatmentis usualin well-controlled
randomized trials, and generalizability mightbe an issue when the medication isappliedin
clinical settings. One concern about the design of the maintenance phase is that
responders to ustekinumab atweek 8 and placebo nonresponders who responded at week
16 to dose of ustekinumab atweek 8 were both included in the study. This creates a patient
population with two subgroupsthat had differenttreatmentschedules atthe start of the
maintenance phase. Since the randomization of the maintenance arms was stratified by the
assigned treatmentduring the induction phase, this issue would not introduce bias to
comparisons during the maintenance phase butcould increase the estimated precision of
the treatmenteffect, thus reducing powerto detect differences.

One concern from the clinical expert consulted for this review was the large number of
patients (157 out of 233 [67%]) who did not respond in the induction study — at week 8 —
but later responded atweek 16 following a second dose of ustekinumab SC 90 mg. It was
suggested that this number may be larger than one would likely see and thus begets
uncertainty aboutwhether clinicians would wait another eight weeks to assess whether
patients achieve a late response before administering a second dose of ustekinumab at

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 65



CADTH

week 8 to try to induce remission. The clinical expertnoted that this decision would be
based on several factors, including other indicators of clinical response (e.g., reduced
symptoms), drug levels, and levels of UC-relevantmarkers (e.g., fecal calprotectin).

Indirect Evidence

The supplemental literature search conducted for the ITC obtained 62 references which,
aftertitle and abstract screening, were sifted to obtain one final study: a systematic review
and NMA prepared for and submitted by the sponsor.

Objectives and Methods for the Summary of Indirect Evidence

Severalinterventions (biologics) have indications similar to that of ustekinumab for the
treatmentof UC. Up to the writing of this manuscript, no studies of head-to-head
comparisons of ustekinumab versus other active therapiesin UC have been conducted.

The objective of the ITC review was to synthesize evidence supporting the effects of
ustekinumab againstits relevantcomparatorsin the treatmentof moderate -to-severe active
UC. These included:

e Conducting a systematic literature review (SLR) of clinical trials assessing the efficacy
and safety of treatments used in moderate-to-severe active UC.

o Assessing the comparative efficacy of ustekinumab againstits relevantcomparators
through an NMA.

Description of Indirect Treatment Comparison(s)

The authors of the review performed an NMA to assess the efficacy indirectly compared
with otherinterventions:infliximab, adalimumab, vedolizumab, ustekinumab, golimumab,
tofacitinib, and placebo. They evaluated three outcomes: Clinical remission, clinical
response, and mucosal healing, all based on subgroups of patients considered biologic or
non-biologicfailures, and also in the subgroups of induction and maintenance phases of
drug administration. Table 15 summarizes the study selection criteria and methods for the
ITCs.

Table 15: Study Selection Criteria and Methods for ITCs

| Indirect treatment comparison (network meta-analysis)

Population

Patients with moderate-to-severe active ulcerative colitis that failed to respond to conventional
therapy as well as patients whose condition did not respond to prior biologic(s)

Intervention

Ustekinumab

¢ Induction: Solution forintravenous single-use infusion, either at a weight-based dose
(approximately 6 mg/kg) of 260 mg, 390 mg, or 520 mg, depending on body weight, or at a fixed
dose of 130 mg.

e Maintenance: Subcutaneous injection of 90 mg every 8 or 12 weeks (90 mg/1.0 mL vial).

Comparators

Infliximab, adalimumab, golimumab, vedolizumab, tofacitinib, and placebo

Outcomes

Efficacy:

e clinical response
e clinical remission
e mucosal healing

Safety:
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| Indirect treatment comparison (network meta-analysis)

e not assessed

Study design Randomized controlled trials (excluding phase I studies)

Exclusion criteria Naive patients; mild and active ulcerative colitis; studies not assessing efficacy, safety, or quality-of-
life outcomes; single-arm trials; non-randomized trials; and studies published in languages other
than English.

Databases searched MEDLINE, Embase, Cochrane Library, hand searches of clinical trials and data from recent studies
not yet published using the NICE guide.

Selection process Titles and, where available, abstracts of studies retrieved by the search were reviewed by two

independentreviewers. Full-textarticles were then reviewed to assess their eligibility according to
pre-specified inclusion and exclusion criteria. Publications identified as potentially relevantduring
the first phase of the screening were then reviewed in full and assessed forinclusion according to
the list of pre-specified inclusion and exclusion criteria.

Data extraction process | Following identification of full-textarticles, relevantdata were extracted according to pre-specified

template. The following fields were extracted:

e publication details (title, authors, date of publication, journal, volume, and reference page)

o study characteristics, including objective, interventions (including dose and mode of
administration), phases description (induction or maintenance), blinding, sample size, length of
follow-up, treatmentduration, allowed concomitanttherapies, primary and secondary end points,
country or location, statistical methods of data analysis, relevantbiases

e patientcharacteristics (disease phenotype, demographics, medical history, treatmenthistory,
average age of disease onset, average disease duration, severity, number of prior treatments
received, and description of those treatments)

o details of the results of interest (efficacy results, safety results, quality-of-life results, sub-
populations with available results, study limitations specified by the authors when reported).

Quality assessment Authors conducted a quality assessmentatthe study level with the NICE STA template and the
guidance by the Centre for Reviews and Dissemination atthe University of York for the NICE
submission. They also followed the PRISMA template for reporting systematic reviews of multiple
comparisons (network meta-analysis).

ITC = indirect treatment comparison; NICE National Institute of Clinical Excellence; PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analysis;
STA = single technology appraisal.

Source: Stelara network meta-analysis study report.®
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Methods of the Sponsor-Submitted NMA
Objectives

The review focused on patients with moderate-to-severe active UC who failed conventional
therapy and patients who failed prior biologic(s). The list of comparators hasincluded all the
biologics currently approved for moderate-to-severe UC, including biosimilars.

Study Selection Methods

The protocol for the SLR was drafted a priori and subsequently registered with PROSPERO
(CRD42019131015). The search strategy was run in four databases including: MEDLINE,
MEDLINE In-Process, Embase, and Cochrane library on August 14, 2018, and January 22
and March 28, 2019. MEDLINE and MEDLINE In-Process were searched through the
PubMed platform, while Embase was searched through the Embase.com platform. These
databasesinclude both published studies as well as conference abstracts. No time
restriction was applied to the first search conducted on August 14, 2018. The second and
third update searchesrestricted publication dates to reduce the number of overlapping
articles with the first search. Search termswere developed using a combination of MeSH
and Emtree terms and free-textterms. In addition to searches of electronic databases, hand
searches were conducted to capture data not reported in the main publication of clinical
trials and data from recentstudies not yet published.

ITC Analysis Methods

Dueto the specific characteristics of UC treatmentand the clinical evolution of patients,
randomized trials evaluating anti-TNF therapies for UC have to considertwo phases:an
induction phase to reach remission and a maintenance phase for continuing remission.
Therefore, the design of these studies has evolved overtime into two main categories: The
firstis a treat-through standard design in which patients in the induction phase are
randomized to intervention or placebo and then continue with the same assigned
intervention during the entirety of the maintenance phase. Second, aresponse-based or
re-randomized study design, where patients who respond to the intervention during the
induction phase are re-randomized to treatmentor placebo. In the latter type of design,
there can be several variations, like withdrawal of patients who do not respond, or patients
treated through with the drug on an open-label phase (Figure 6).
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Figure 6: Two Types of Study Designs for Trials Evaluating Anti-TNF Therapies in
Patients With UC
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TNF = tumour necrosis factor; UC = ulcerative colitis.

Note: A) Treat-through design, where patients in the induction phase continue to the same treatment arm regardless whether they respond to the intervention.
B) Re-randomized design, where patients can change study group. Depending on their response in the induction phase, these studies can show variations in the
maintenance phase, as nonresponders can either be reallocated to an open-label design (treated with the intervention) or withdrawn from the trial.

Source: Stelara network meta-analysis study report.®

Studiesincluded in this NMA were known to fall into either category (treat-through or re-
randomized design), and the authors expected that the key assumptions necessary to
perform an NMA — and the pooled maintenance datain UC — were not valid. According to
the authors, performing a regular NMA with these two differentdesigns would be prone to
selection bias and ignore patients who may not respond to treatmentat the end of the
induction phase butcould respond after this. Heterogeneity exists between the
maintenance phases of the studies due to differencesin designs and reporting of
maintenance outcomes. The placebo arms reported from re-randomized response-based
trials are not “true” placebo arms, since participants are exposed to treatmentin the
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induction phase of the study. Hence, the data will be heterogeneous due to differencesin
carryover effects of active induction therapy.

Based on the sources of heterogeneity and biasin maintenance outcomes, authors
considered thata standard NMA to compare maintenance phases would notadhere to best
practices and an approach that compares the full one-year regimens of treatments was
necessary. The authors considered this as the mostrigorous method to mitigate
uncertainty, given the necessity to perform an NMA. The approach involved firstcomparing
treat-through data between all trials, and recalculating data from re-randomized response-
based trials to mimic a treat-through design to be able to pool the data. Thatis, the authors
decidedto convertall studiesto a treat-through design, as this was considered the least
proneto bias for evaluating estimates of effects. In terms of study design and patients’
characteristics, induction trials — or the induction phase of the trials — are similarenough
to be pooledin a regular NMA, while maintenance trials require a conversion to emulate a
treat-through design. To achieve this goal, the authorsimputed data for studies that had a
re-randomized design. Thisimputation was done on a case-by-case basis for each study,
since some studies excluded differentgroups of patients in the maintenance phase. Sample
sizes forre-randomized studies were also recalculated.

The authors had two optionsto achieve the conversion and equalization of studies:

e mimicking a treat-through design, thatis, all studies thatdid nothave a treat-through
design would be converted to resemble one, or

e mimicking aresponse-based (re-randomized) design in which the authors would convert
all studies withouta re-randomized design to resemble one.

They decided to use the first approach (mimicking a treat-through design) because itwas
considered to be more closely related to clinical practice and reflected an ITT approach,
with lessrisk of selection bias, and it is feasible with this approach to include more studies.
Besidesthis analysis, the authors also decided to run a sensitivity analysis based on
mimicking a response-based design. Calculations for mimicking a treat-through approach
were based on responders and nonrespondersin both the induction and maintenance
phase, as presented in Figure 7.

As part of the recalculation of sample sizes for mimicking a treat-through design, patients
who were assigned to the study drug during induction and assigned to placebo during
maintenance were excluded from the analysis. These patients would have been
(hypothetically) randomized to placebo underthis specific design.
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Figure 7: Calculations to Mimic a Treat-Through Design
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ITT = intention to treat.

Note: For the sensitivity analysis (i.e., to mimic aresponse-based, re-randomized design), authors used only the induction respondents (A x C).

Source: Stelara network meta-analysis Clinical Study Report.®

Once recalculations were made and all studies were equivalentand able to be pooled,
authors used a Bayesian hierarchical model forthe NMA. They subgroup populations were
based on biologic failure status. NMAs were conducted for the analysis of both the
induction data and one-year data (induction and maintenance). A standard NMA was
conducted of the induction phases, whereby studies were connected via a common placebo
arm.

This allowed for treatmentcomparisons to be made between the efficacy of full one-year
regimens. Other detailed methods are portrayed in Table 16.

Table 16: ITC Analysis Methods

| Sponsor-Submitted NMA?

ITC methods Bayesian hierarchical model forthe NMA.
Priors Non-informative prior distributions were used for unknown parameters to get results driven by data. The
following priors were used for the base-case analysis:
¢ Normaldistribution with a mean of 0 and a variance of 10,000 for treatment effects.
e Uniform distribution for the between-trial standard deviation, with a range of 0 to 2 for binary outcomes.
Assessmentof The relative goodness of fitof the model was assessed using the DIC. The fixed-effects and random-effects
model fit models were developed and the one associated with the lowest DIC was selected (with a difference of at
least three points in DIC).
Assessment of Authors did not expect closed loops to measure inconsistency (statistically), yet itis not mentioned in the
Consistency paper. There is no mention on the specific model used for the only closed loop found in the NMA. The
authors crafted an approach to decrease the differences between the induction and maintenance phases of
the studiesincluded, recalculating data to mimic a treat-through design for all studies.
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Sponsor-Submitted NMA?

Assessment of Convergence was assessed through the inspection of diagnostic plots including: trace, history,

convergence autocorrelation, and density plots. The authors used the Markov Chain Monte Carlo simulation method for
the NMA; three chains were simulated, and their convergence was assessed by examining the history and
the Gelman-Rubin plots.

Outcomes (Note any outcomes that were used to inform the pharmacoeconomic analysis for the submission.)

Follow-up Induction studies (reports) assessed outcomes at 6 to 8 weeks of follow-up. Maintenance studies (reports)

time points were recalculated to assess outcomes at one year (full regimen) when using the approach to mimic atreat-

through (response-based) design.

Construction of
nodes

Nodes were created fitting classificationsin relation to drug classes and dosages, as shownin Figure 7.

Sensitivity The following sensitivity analyses were performed.
analyses For the induction phase:
o by trials focusing on Japanese and Chinese populations
For the one-yearanalysis:
o by trials focusing on Japanese and Chinese populations
e by mimicking a response-based trial design.
Subgroup Separate analyses were performed for trials conducted in patients who had not responded to biologic
analysis therapy (biologic failures) and patients who had not responded to conventional therapy (non-biologic
failures).
Methods for Standard pairwise meta-analyses were used to obtain direct comparison odds ratios as measurement of
pairwise meta- effects. Heterogeneity was evaluated for each pairwise comparison with the Cochran’s Qtest and the 12
analysis statistic. The Cochran’s Q test was considered with a significance level of 10%, or I? higher than 50%. The

forestplot was generated toillustrate a suspected heterogeneity. The inverse variance—weighted method
was used to analyze the end points using a random-effects model.

DIC = deviance information criterion; ITC = indirect treatment comparison; NMA = network meta-analysis.

@ Methods applied for both induction and maintenance phases.

Source: Stelara network meta-analysis Clinical Study Report.®

Results of the Sponsor-Submitted NMA
Summary of Included Studies

Only trials assessing at leastone intervention of interest (biologics or conventional therapy
forUC) wereincluded inthe NMA. A total of 49 publications were identified (including 32 full
articles, 15 abstracts, and two posters) for six comparators: infliximab, adalimumab,
vedolizumab, golimumab, tofacitinib, and placebo. For ustekinumab, six abstracts were
identified through electronic search, though the clinical results of ustekinumab were
primarily extracted from the Clinical Study Reports provided by Janssen. The number of
trials identified for each treatment were six for infliximab, four for tofacitinib, five for
adalimumab, three for golimumab, four for vedolizumab, and one for ustekinumab. The
authors excluded 21 trials; 19 were used and contributed toward the narrative analysis of
the results. In Figure 8 to Figure 13, a main overview and overviews of the trials included by
subgroups are presented. In Table 17, a detail description of each trial with the
interventionsincluded is presented.

The authors assessed the risk of bias of 17 individual studies. Two studies (11.7%) had an
unclearrandomization process, 6 (35%) had unclear allocation concealment, 8 (47%) had
unclear blinding, 1 (5.8%) had imbalancesin dropouts between groups, another (5.8%) had
likely selective reporting, while 8 (47%) did not perform an adequate ITT analysis.
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Table 17: Characteristics of the Studies Included for the Comparisonsin the ITC

Study or report

Location

Trial
phase

Treatments, doses, and
sample size

‘ Treatment phase

Blinding ‘

ULTRA 1 (ADA) Multinational | I Induction Double blind | ADA 80 mg/40mg (n= 130)
ADA 160 mg/80 mg (n =130)
Placebo (n =130)
v Maintenance Open label ADA 40 mg (n = 390)
ULTRA 2 (ADA) Multinational | NI Induction Double blind ADA 160 mg/80 mg (n = 258)
Placebo (n = 260)
Maintenance ADA 40 mg (n = 258)
Placebo (n =260)
NCT00853099 Japan Iland Il Induction Double blind | ADA 80 mg/40mg (n= 87)
ADA 160 mg/80 mg (n =90)
IFX (n =21)
Jiang 2015 (IFX) China NA Induction Double blind IFX 3.5 mg(n =41)
IFX 5 mg(n=41)
Maintenance Placebo (n =41)
Probert 2003 (IFX) UK and NA Induction Double blind IFX 5 mg(n =23)
Germany Placebo (n = 20)
Japis CTI060297 (IFX) Japan 1 Induction Double blind IFX 5 mg(n=104)
Maintenance Placebo (n =104)
ACT1 Multinational | I Induction Double blind IFX 5 mg/kg (n =121)
IFX 10 mg/kg (n =122)
Maintenance Placebo (n =121)
ACT 2 Multinational | 1l Induction Double blind IFX 5 mg/kg (h =121)
IFX 10 mg/kg (n = 120)
Maintenance Placebo (n =123)
PURSUIT-M (GOL) Multinational | I Maintenance Double blind GOL 50mg (n = 154)
GOL 100mg (n =154)
Placebo (n = 156)
PURSUIT-J (GOL) Japan i Induction Open label GOL 200 mg (n = 144)
Maintenance Double blind GOL 100mg(n=32)
GOL 100 mg (n = 60)
Placebo (n = 31)
PURSUIT-SC (GOL) Multinational | Il Induction Double blind GOL 100 mg/50mg (n =42)
GOL 200 mg/100mg (n= 42)
GOL 400 mg/200mg (n= 43)
Placebo (n =42)
I Induction GOL 200 mg/100 mg (n= 258)
GOL 400 mg/200 mg (n= 258)
Placebo (n =258)
NCT00787202 (TOF) Multinational | Il Induction Double blind TOF 0.5 mg(n = 31)

TOF 3 mg (n = 33)

TOF 10 mg (n=33)

TOF 15 mg (n =49)

Placebo (n = 48)
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OCTAVE Induction 1 Multinational | I Induction Double blind TOF 10 mg (n =476)
(OCTAVE-I1) Placebo (n = 122)
OCTAVE Induction 2 Multinational | I Induction Double blind TOF 10 mg (n =429)
(OCTAVE-I2) Placebo (n = 112)
OCTAVE Sustain Multinational | 1l Maintenance Double blind TOF 5 mg(n = 198)
TOF 10 mg (n =197)
Placebo (n =198)
GEMINI 1 Multinational | I Induction Double blind Placebo (n = 149) (cohort 1)
and open VDZ 300 mg (n = 225) (cohort
label 1)
VDZ 300 mg (n =521) (cohort
2)
Maintenance Doubleblind | VDZ 300 mgq.4.w.(n=122)
VDZ 300 mgq.8.w. (n =125)
Placebo (n =126)
NCT02039505 Japan I Induction Double blind VDZ: 300 mg g.8.w. (n = 246)
open label Placebo (n = 83)
Maintenance Double blind VDZ: 300 mg (n = 246)
Placebo (n = 83)
VARSITY Multinational | 1l Maintenance Double blind VDZ: 300 mg (n =111)
ADA: 160 mg/80 mg/40 mg
(n=120)
UNIFI Multinational | I Induction Double blind UST 130 mg (n = 320)

UST 6 mg/kg (n = 322)

Placebo (n =319)

UST90 mgg.12.w. (n =172)

UST90 mgq.8.w. (n = 176)

Placebo (n =175)

ADA = adalimumab; GOL = golimumab; IFX = infliximab; ITC = indirect treatment comparison; NA = not applicable; g.4.w. =every four weeks; q.8.w. = every eight weeks;
g.12.w. = every 12 weeks; TOF = tofacitinib; UST = ustekinumab; VDZ = vedolizumab.

Indirect comparison interventions: UST, IFX, ADA, VDZ, GOL, TOF, and placebo.

For the NMA of the maintenance phase, three of the studies (VARSITY, ULTRA, and ACT)
used a treat-through design and one-year outcome data to mimic a treat-through design

was directly available, while four (GEMINI, UNIFI, OCTAVE, AND PURSUIT) utilized a re-
randomized, response-based strategy and required arecalculation of data to mimic atreat-

through design.

Importantcharacteristics of the effect modifiers and variables describing heterogeneity of

the body of evidence is presented in Table 18.
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Figure 8: Overview of the Clinical Studies and Comparisons in the Network

vbDz

ADA = adalimumab; GOL = golimumab; IFX = infliximab; PLC = placebo; TOF = tofacitinib; UST = ustekinumab; VDZ = vedolizumab.

Note: Continuous lines represent the direct comparisons with the name of the main study. Interrupted lines represent the indirect c omparisons.

The VARSITY, ULTRA, and ACT studies used a treat-through design, while GEMINI, UNIFI, OCTAVE, and PURSUIT utilized a re-randomized, response-based strategy.

Source: Stelara network meta-analysis Clinical Study Report.®

Table 18: Assessment of Homogeneity for the ITCs

Disease severity

The authors note the main differences across studies to be disease duration atinclusion, C-reactive
protein level at baseline, and Mayo score at baseline.

The rest of the baseline populations’ characteristics across studies were considered to be comparable
in their clinical and laboratory values. All studies included patients with moderate-to-severe UC.

Treatment history

Prior anti-TNF therapy exposure was found to be a potential source of heterogeneity. For this, the
authors performed subgroup analyses based on this variable.

The following characteristics were assessed and deemed comparable across trials: duration of

disease, age and weightat baseline, proportion of males and females, C-reactive protein level,and
Mayo score at baseline.

Clinical trial eligibility
criteria

All studies had comparable patientinclusion criteria. However, different study designs for the
maintenance phase were found, as described in the text (ITC analysis methods).
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Description and handling of potential effect modifiers

Dosing of
comparators

Doses of comparators are in keeping with the indication for moderate-to-severe UC.

Definitions of
end points

Clinical remission was defined differently by two studies: one definition was used only in the induction
phase of the NMA, while the other used remission instead of clinical remission, defined as a total
Mayo score of 0 to 2, with no subscore exceeding 1 pointand a rectal bleeding subscore of 0.

UNIFI defined mucosal healing as “having both endoscopic healing and histologic healing,” and
endoscopic healing as a “Mayo endoscopy subscore of 0 or 1.” To align with the definitions acrossthe
other trials for mucosal healing, the data corresponding to endoscopic healing were included for the
analysis of this end point and referred to as “mucosal healing” hereafter.

Timing of end point
evaluation or trial
duration

The efficacy end points across studies included clinical response, clinical remission, and mucosal
healing atweek 6, 8, and 10 forthe induction phase, and from week 30 to week 60 for the
maintenance phase. When multiple time points were reported, similar times of assessmentwere
selected foreach intervention. End points reported at 6 weeks were used as inputs for golimumab and
vedolizumab, and end pointat 8 weeks were used as inputs for ustekinumab, tofacitinib, adalimumab,
and infliximab. The authors considered the results obtained between 6 weeks and 8 weeks to be
comparable.

Clinical trial setting

All settings were similar, with the inclusion of patients in both ambulatory and hospital settings.

Study design

All studies were randomized controlled trials against placebo (exceptfor one head-to-head
comparison study). As described in the ITC methods section, trial designs conducted in UC have
evolved overtime from standard treat-through designsfor anti-TNF therapies (including infliximab
and adalimumab) to designs based on response to treatment(response-based re-randomized) for
the newertherapies. The authors adapted and recalculated the data to make these two design types
equivalentso they could be pooled inthe NMA,; this adaptation was necessary only for the analysis of
outcomes at one year.

ITC = indirect treatment comparison; NMA = network meta-analysis; TNF = tumour necrosis factor; UC = ulcerative colitis.

Source: Stelara NMA study repor

t.%

Results

In Figure 9 to Figure 14, a description of the differentstudies included for each networkis
presented. Based on the subdivision of patients who failed biologic therapy versus those
who did not fail biologic therapy, the results are presented in Figure 9 to Figure 14, as well
asin Table 19 to Table 24.

Induction Phase

For the induction phase, the fixed-effects model was chosen on the three outcomes (clinical
response, clinical remission, and mucosal healing) for both the non-biologic and biologic
failure groups. Thiswas based on the smallest deviance information criterion (DIC)
detected in the Bayesian framework for model selection.

Clinical Response

In the non-biologic failure group, 10 studies assessing the outcome of clinical response
were included (Figure 8). The sample size of the studies ranged from 56 (NTC00787202) to
550 (OCTAVE | and Il combined). The response rates ranged from 43.9% in PURSUIT-SC
phase Il (GOL 200 mgor 100 mg, n =41) to 69.4% in ACT I (infliximab 5mg,n=121).
UNIFI reported response rates of 57.7% and 66.7% in the 130 mg and 6 mg/kg treatment
arms, respectively. The clinical response rates in the placebo arms across all trials ranged
from 26.3% in GEMINI | (n =76) to 45.5% in NTC00787202 (n=33); UNIFI reported a
35.4% response rate in the placebo arm. Based on the directcomparisons estimates, all
interventions were better than placebo, although heterogeneity was present, with 12 values
ranging from 0% to 69.9%. From the NMA estimates (Table 19), ustekinumab ata dose of
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6 mg/kg was not superior to the other comparisons, with the exception of placebo (median
oddsratio [OR] = 3.66; credible interval [Crl], 2.31 to 5.88) and adalimumab 160 mg or

80 mg (median OR =1.94; 95% Crl, 1.10 to 3.45). At a 130 mg dose, ustekinumab was
only better than placebo (OR =2.49; Crl, 1.58 to 3.96).

In the biologic failure group, ustekinumab at 130 mg/kg and 6 mg/kg doses was better than
placebo (OR =2.20; Crl, 1.39to 3.53 and OR = 3.58; Crl, 2.27 to 5.74, respectively) and
the 6 mg/kg dose of ustekinumab had anincreased response when compared with
adalimumab (OR=2.48; Crl, 1.17 to 5.31). It was not, however, better or worse than the
other comparisons for this outcome (Table 19).

Figure 9: Clinical Response (Induction) Studies in the Network
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ADA = adalimumab; GOL = golimumab; IFX = infliximab; PO = orally; SC = subcutaneous; TOF = tofacitinib; UST = ustekinumab; VDZ = vedolizumab.
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Table 19: Clinical Response — Induction Study

Infliximab 5 mg/kg

Non-biologic failure patients

OR (95% Crl) for
ustekinumab
130mg versus
comparator

0.61 (0.33t0 1.10)

OR (95% Crl) for
ustekinumab
6 mg/kg versus
comparator

0.89 (0.49t0 1.63)

CADTH

Biologic failure patients

OR (95% Crl) for
ustekinumab
130mg versus
comparator

OR (95% Crl) for
ustekinumab
6 mg/kg versus
comparator

Infliximab 10 mg/kg

0.65 (0.36 10 1.19)

0.96 (0.53t0 1.76)

Adalimumab 160 mg/80 mg

1.32 (0.75t0 2.33)

1.94 (1.10to 3.45)

1.52 (0.71to 3.25)

2.48 (1.17t0 5.31)

Vedolizumab 300 mg

0.78 (0.36 t0 1.68)

1.14 (0.52to0 2.47)

0.87 (0.35t0 2.11)

1.43 (0.58 t0 3.43)

Golimumab 200 mg/100 mg

1.09 (0.61to 1.93)

1.60 (0.90 to 2.84)

Tofacitinib 10 mg

0.92 (0.50to 1.71)

1.36 (0.74t0 2.53)

0.64 (0.34t0 1.21)

1.05 (0.55to 1.98)

Placebo

2.49 (1.58t0 3.96)

3.66 (2.3110 5.88)

2.20 (1.39t0 3.53)

3.58 (2.2710 5.74)

Crl = credible interval; OR = odds ratio.

Source: Stelara network meta-analysis Clinical Study Report.*

Clinical Remission

In the non-biologic failure group, a total of 11 studies were included (Figure 10). The
sample size of the studies ranged from 43 (Probert 2003) to 254 (PURSUIT-SC phase lll).
The remission rates ranged from 17.1% in PURSUIT-SC phase Il (GOL 200 mg/100 mg,
n =41)to 39% in Probert 2003 (infliximab 5 mg/kg, n = 23). UNIFI reported remission rates
0f 19.9% and 18.6% in the 130 mg and in the 6 mg/kg treatmentarm, respectively. The
clinical remission ratesin the placebo arms across all trials ranged from 5.7%in ACT I
(n=123) to 30% in Probert 2003 (n = 20); UNFI reported 9.5% remission rate in placebo
arm.On the directcomparisons, all interventions performed better than placebo, with two
comparisons presenting significantheterogeneity (infliximab 10 mg/kg versus placebo and
infliximab 5 mg/kg versus placebo, I? of 58.9% and 62.7%, respectively). On the NMA
estimates, ustekinumab did notshow differences against any of the other interventions
(Table 20), either at doses of 130 mg or 6 mg/kg, exceptagainstplacebo (OR = 2.38 [Crl,
1.24t0 4.78]and OR =2.19 [Crl, 1.14 to 4.39], respectively).

In the biologic failure group, the results were similar. With four studies included (Figure 10)
the sample size rangedfrom 145 (GEMINI I) to 589 (OCTAVE | and Il combined). The
remission rates ranged from 9.2% in ULTRA |l (adalimumab 160 mg or80 mg;n = 98) to
12.7% in UNIFI (ustekinumab 6 mg/kg; n = 166). The clinical remission rates in the placebo
armsacross all trialsrangedfrom 0.8% in OCTAVE | and Il combined (n=124)to 6.9%in
ULTRA Il (n =101); UNIFI reported a 1.2% remission rate in the placebo arm. From the
NMA results, ustekinumab had a better effectthan adalimumab atboth doses of 130 mg
and 6 mg/kg, although with wide Crls (OR =9.01; Crl, 1.58t0 80.08 and OR =9.97; Crl,
1.77 to 88.37) and a better effectagainstplacebo (Table 21).
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Figure 10: Clinical Remission Studies Included in the Network —
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Table 20: Clinical Remission —Induction Study

Non-biologic failure patients

OR (95% Crl)

ustekinumab 130 mg

OR (95% Crl)

ustekinumab 6 mg/kg

300 mg IV

GEMINI |

CADTH

Induction Study

OCTAVE |
OCTAVE Il

Biologic failure

Biologic failure patients

OR (95% Crl)

ustekinumab 130 mg

OR (95% Crl)
ustekinumab 6 mg/kg

Infliximab 5 mg/kg

versus com parator
0.54 (0.24t0 1.22)

Versus comparator

0.49 (0.22t0 1.14)

Versus comparator

versus comparator

Infliximab 10 mg/kg

0.70 (0.31t0 1.62)

0.64 (0.28t0 1.48)

Adalimumab 1.08 (0.47to 2.49) 0.99 (0.43t0 2.30) 9.01 (1.58t0 80.08) 9.97 (1.77to 88.37)
160 mg/80mg

Vedolizumab 300 mg 0.52 (0.14t0 1.70) 0.48 (0.13t0 1.58) 3.27 (0.29t0 36.81) 3.60 (0.32t0 40.71)
Golimumab 0.80 (0.34t0 1.93) 0.74 (0.31to 1.78) - -
200mg/100 mg

Tofacitinib 10 mg

0.98 (0.381t0 2.42)

0.90 (0.35t0 2.24)

0.54 (0.02t0 7.18)

0.59 (0.02to 7.92)

Placebo

2.38 (1.2410 4.78)

2.19 (1.14t0 4.39)

12.12(3.24 to 86.24)

13.41(3.62 to 94.58)

Crl = credible interval; OR = odds ratio.

Source: Stelara network meta-analysis Clinical Study Report.*
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Mucosal Healing

In the non-biologic failure group, authorsincluded nine studies (Figure 11). The sample size
of these studiesranged from 82 (PURSUIT-SC phase ll) to 550 (OCTAVE | and Il -
combined). The mucosal healing rates ranged from 33.3% in UNIFI (ustekinumab 6 mg/kg,
n =156)to 62%in ACT I (infliximab 5 mg/kg,n = 121). The mucosal healing ratesin the
placebo arms across all trials ranged from 20.9% in UNIFI (n = 158) to 41.5% in ULTRA |

(n =130). From the pairwise directcomparisons, all interventions had better effects than
placebo, with no significantheterogeneity. In the NMA, ustekinumab was better than
placebo at both doses of 130 mgand 6 mg/kg (OR = 2.01 [Crl, 1.22 to 3.40] and OR = 1.90
[Crl, 1.15 to 3.20], respectively) but did not presentdifferences when compared with any of
the other interventions (Table 21).

In the biologic failure group, four studies are presented in Figure 11. The sample size of the
studiesranged from 145 (GEMINI 1) to 589 (OCTAVE | and Il combined). The mucosal
healing ratesranged from 18.3% in UNIFI (ustekinumab 130 mg,n=164) to 30.5%in
GEMINI | (vedolizumab 300 mg, n= 82). The mucosal healing ratesin the placebo arms
across all trials ranged from 6.5% in OCTAVE | and Il combined (n=124)to0 26.7% in
ULTRA Il (n =101); UNFI reported a mucosal healing rate of 6.8% in the placebo arm.
When assessing the indirect (NMA) estimates of effect, ustekinumab was better than
placebo (OR =3.12 [Crl, 1.53t0 6.78] and OR = 3.73 [Crl, 1.86 to 8.04] forthe 130 mg and
6 mg/kg doses, respectively) and adalimumab (OR=2.85 [Crl, 1.10 to 7.68], and OR =
3.42[1.33t0 9.12] forthe 130 mg and 6 mg/kg doses, respectively) but no differentthan
tofacitinib and vedolizumab (Table 21).

Figure 11: Mucosal Healing (Induction) Studies in the Network
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ADA = adalimumab; GOL = golimumab; IFX = infliximab; PO = orally; SC = subcutaneous; TOF = tofacitinib; UST = ustekinumab; VD Z = vedolizumab.
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Table 21: Mucosal Healing — Induction Study

Non-biologic failure patients

OR (95% Crl)

ustekinumab 130 mg
versus comparator?

OR (95% Crl)

ustekinumab
6 mg/kg versus

CADTH

Biologic failure patients

OR (95% Crl)

ustekinumab 130 mg
versus comparator?

OR (95% Crl)

ustekinumab
6 mg/kg versus

Infliximab 5 mg/kg

0.61 (0.32t0 1.15)

comparator?
0.57 (0.30to 1.10)

comparator?

Infliximab 10 mg/kg

0.63 (0.331t0 1.20)

0.59 (0.32t0 1.13)

Adalimumab
160 mg/80mg

1.33(0.72t0 2.49)

1.26 (0.68 to 2.35)

2.85 (1.10to 7.68)

3.42 (1.3310 9.12)

Vedolizumab 300 mg

0.68 (0.30t0 1.52)

0.64 (0.29to 1.45)

1.83 (0.63 to 5.40)

2.19 (0.76 t0 6.41)

Golimumab
200 mg/100 mg

1.12 (0.60 to 2.09)

1.06 (0.57 to 1.98)

Tofacitinib 10 mg

0.90 (0.44 t0 1.81)

0.85(0.411t0 1.72)

0.73 (0.24t0 2.07)

0.87 (0.29t0 2.46)

Placebo

2.01 (1.22 to 3.40)

1.90 (1.15to 3.20)

3.12 (1.5310 6.78)

3.73 (1.86 10 8.04)

Crl = credible interval; OR = odds ratio.
Results reported from a network meta-analysis with a fixed-effects model under a Bayesian framework.

Source: Stelara network meta-analysis Clinical Study Report.*
Maintenance Phase

The results of the one-year NMAs are presented forthe base-case approach mimicking a
treat-through design. Only fixed-effects model results were presented due to data being
obtained from one studyinforming each pair of treatments in the networks and therefore no
data to inform the random-effects parameter.

Clinical Response

For the non-biologic failure population, doses were pooled for treatmentarms (as no dose -
response relationship was observed) to increase statistical power. Six studies were
included in the analysis. The network of studies for the clinical response is displayed in
Figure 12. Ustekinumab presented higher odds of clinical response againstadalimumab,
golimumab, tofacitinib, and placebo, butnot againstvedolizumab 300 mg (OR= 1.93; Crl,
0.75 to 4.82) (Table 22).

Among the biologic failure patients, doses for treatmentarms were not pooled, as a dose-
response relationship was evident. An analysis of mucosal healing in the biologic failure
group was not feasible, as the imputation data needed for placebo were notavailable in this
population. In total, four studies were used for evaluating this outcome (Figure 12). In the
NMA, ustekinumab demonstrated higher odds of clinical response than placebo (OR = 4.83
[Crl, 2.56 t0 9.25] and OR =4.82 [Crl, 2.28 to 10.30] for the every eightweek and every 12
week doses, respectively) but showed no effectwhen compared with the other interventions
(Table 22).
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Figure 12: Clinical Response (One-Year Base Case) Studies in the Network
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ADA = adalimumab; GOL = golimumab; IFX = infliximab; PO = orally; g4w = every four weeks; q8w = every eight weeks; q12w = every 12 weeks; SC = subcutaneous;
TOF = tofacitinib; UST = ustekinumab; VDZ = vedolizumab.

Table 22: Clinical Response (One Year Mimicking of a Treat-Through Approach)?2

Non-biologic failure patients Biologic failure patients
OR (95% Crl) OR (95% Crl) OR (95% Crl)
ustekinumab 6 mg/kg — ustekinumab Ustekinumab 6 mg/kg —
ustekinumab 90 mg pooled 6 mg/kg — Ustekinumab 90 mg
ustekinumab 90 mg g.12.w.
q.8.w.

Infliximab pooled — Infliximab pooled® 2.62 (1.22t0 5.60)
Adalimumab 160 mg/80 mg/40 mg — 4.76 (2.25t0 10.16) 2.03(0.70to0 5.72) 2.02 (0.65t0 6.14)
adalimumab 40 mg®
Vedolizumab 300 mg - vedolizumab 1.93(0.75t0 4.82) 1.76 (0.51to 6.00) 1.75 (0.48to 6.35)
300 mg pooled
Golimumab 200 mg/100 mg — 3.76 (1.90to 7.57)
golimumab pooled
Tofacitinib 10 mg — tofacitinib pooled 2.27 (1.06 to 4.86) 1.66 (0.69t0 3.94) 1.65 (0.63to 4.28)
Placebo — placebo 8.70 (5.03to 15.40) 4.83 (2.561t0 9.25) 4.82 (2.28t0 10.30)

Crl = credible interval; OR = odds ratio; g.8.w. = every eight weeks; g.12.w. = every 12 weeks.
2 All reported results were generated based on the mimicking of a treat-through design; hence, sample size was recalculated to correspond with number of participants at
the baseline of the induction phase.

b For infliximab and adalimumab, no data recalculation was performed, as it comes directly from treat-through design studies.

Source: Stelara network meta-analysis Clinical Study Report.*
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Clinical Remission

In the non-biologic failure group, seven studies were included in the analysis. The network
of studies forthe clinical remission is displayed in Figure 13. Based on the results in the
individual trials, no dose-response relationship was observed for clinical remission;
therefore, the authors considered it appropriate to pool the dosesfor the same treatment.
Ustekinumab presented higher odds of clinical remission than placebo (OR =5.11; Crl, 2.83
t0 9.52), golimumab (OR = 2.40; Crl, 1.13 to 5.22), and adalimumab (OR= 2.43; Crl, 1.10
to 5.42), but no statistical difference when compared with vedolizumab, infliximab, or
tofacitinib (Table 23).

In the biologic failure group, five studies were included (Figure 13). The authors only
presentthe results forun-pooled doses, as a dose-response relationship was detected. In
this group, ustekinumab had better odds for clinical remission than placebo butnotagainst
the other interventions (adalimumab, vedolizumab, and tofacitinib) (Table 23).

Figure 13: Clinical Remission (One-Year Base Case) Studies in the Network
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ADA = adalimumab; GOL = golimumab; IFX = infliximab; PO = orally; g4w = every four weeks; g8w = every eight weeks; q12w = every 12 weeks; SC = subcutaneous;
TOF = tofacitinib; UST = ustekinumab; VDZ = vedolizumab.
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Table 23: Clinical Remission (One Year Mimicking a Treat-Through Approach)

Non-biologic failure Biologic failure patients
patients
OR (95% Crl) OR (95% Crl) OR (95% Crl)
ustekinumab 6 mg/kg — | ustekinumab 6 mg/kg — | ustekinumab 6 mg/kg
ustekinumab 90 mg ustekinumab 90 mg — Ustekinumab 90 mg
pooled q.8.w. g.12.w.
Infliximab pooled —infliximab pooled? 1.89 (0.83t0 4.29)
Adalimumab 160 mg/80 mg/40 mg — 2.43(1.10t0 5.42) 1.71 (0.42to 6.55) 1.32 (0.29t0 5.48)
adalimumab 40 mg?
Vedolizumab 300 mg—vedolizumab 300 mg 1.47 (0.65t0 3.33) 1.26 (0.31to 4.91) 0.97 (0.22t0 4.11)
pooled
Golimumab 200 mg/100 mg — golimumab 2.40 (1.13t0 5.22)
Tofacitinib 10 mg — tofacitinib pooled 1.51 (0.64to 3.51) 1.57 (0.44 to 5.36) 1.21 (0.31to 4.52)
Placebo — placebo 5.11 (2.83t0 9.52) 6.89 (2.98t0 16.90) 5.34 (1.9710 14.62)

Crl = credible interval; OR = odds ratio; g.8.w. = every eight weeks; q.12.w. = every 12 weeks.

Note: All reported results were generated based on mimicking a treat-through design; hence, sample size was recalculated to correspond with number of participants at
baseline of the induction phase.

2 For infliximab and adalimumab, no data recalculation was performed, as this data comes directly from the treat-through design studies.

Source: Stelara network meta-analysis Clinical Study Report.*

Mucosal Healing

For the non-biologic failure response, six studies were included (Figure 14). In these
comparisons, authors pooled the doses of the same treatments, as there was no dose-
response relationship observed. Ustekinumab was superior to placebo (OR = 5.57; Crl,
3.19t0 9.92), adalimumab (OR = 2.91; Crl, 1.33 to 6.39), and golimumab (OR = 2.79; Crl,
1.39to 5.69), but it did not presenta difference when compared with infliximab, tofacitinib,
or vedolizumab (Table 24).

There were no data available for assessing the group of biologic failures for the outcome of
mucosal healing, as the imputation data needed for placebo were notavailable in this
population.

Sensitivity Analyses

Authors performed a priori determined sensitivity analyses to test the robustness of the
results obtained in the base-case analysis. For this, in the induction phase, they included
trials focusing on Japanese and Chinese populations, perceiving these as possible effect
modifiers. No effectdifference was noted on this sensitivity analysis. Also, a sensitivity
analysis that included or excluded open-label trials was conducted, butno open-label trials
were identified (that, with the exception of GEMINI |, also presented double-blind data);
therefore, authors did not use this sensitivity analysis, as it was not applicable. A sensitivity
analysis reporting the results of the fixed-effects model was presented if the random -effect
model was selected in the base-case analysis. The authors always selected the fixed-effect
model and this sensitivity analysis was not applicable, according to their methods.
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For the one-year NMA results, authors also focused on trials of Japanese and Chinese
populations where no differences were detected. Also, authors performed an analysis of all
NMA estimates based on mimicking aresponse-based approach. None of these showed a

significantdifference in the sensitivity analysis.

Figure 14: Mucosal Healing (One-Year Base Case) Studies in the Network
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TOF = tofacitinib; UST = ustekinumab; VDZ = vedolizumab.
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Table 24: Mucosal Healing (One Year Mimicking a Treat-Through Approach)

Non-biologic failure patients Biologic failure patients
OR (95% Crl) OR (95% Crl)
ustekinumab 6 mg/kg — Ustekinumab 6 mg/kg —
ustekinumab 90 mg pooled ustekinumab 90 mg pooled
Infliximab pooled —infliximab pooled? 1.43 (0.66to 3.09) NA
Adalimumab 160 mg/80 mg/40 mg— 2.91 (1.33t0 6.39) NA
adalimumab 40 mg?
Vedolizumab 300 mg - vedolizumab 300 mg pooled 1.60 (0.69to 3.77) NA
Golimumab 200 mg/100 mg —golimumab pooled 2.79 (1.39t0 5.69) NA
Tofacitinib 10 mg — tofacitinib pooled 1.94 (0.88to 4.25) NA
Placebo — placebo 5.57 (3.19t0 9.92) NA

Crl = credible interval; NA = not applicable; OR = odds ratio.

Note: All reported results were generated based on mimicking a treat-through design; hence, sample size was recalculated to correspond with number of participants at

baseline of the induction phase.

2 For infliximab and adalimumab, no data recalculation was performed, as this data comes directly from the treat-through design studies.

Source: Stelara network meta-analysis Clinical Study Repor

1.%

Critical Appraisal of the ITC

This systematic review and NMA of ITCs was performed underthe PRISMA report
checklist, with an appropriate search strategy and based on an available protocol. The
reviewers performed an appropriate data extraction and analysis. Several limitations were
noted.

Significantheterogeneity (inconsistency) was considered due to differences in the design of
the studiesin the maintenance phase. Even though the authors performed an imputation
method for mimicking a treat-through design (needed for obtaining pooled estimates of
effectand assessing heterogeneity from pairwise comparisons), no overall narrative or
statistical assessmentof heterogeneity or the inconsistency of the network is presented.
The variationsin placebo-effect estimates across studies supportthese concerns about
heterogeneity and indicate possible violations of the assumptions of transitivity for the NMA.
The likely explanation for these variationsis due to the primary outcomes being based on a
subjective measure (Mayo score). Differentroutes of drug administration and dose and
regimen plans could provide differentplacebo-effect estimates.

Risk of bias from the individual studies was detected in the systematic review provided by
the sponsor; for instance, bias due to an unclear randomization process was presentin
35% of the studies, 47% had unclear blinding, 5.8% had unbalanced dropoutrates, and 8%
had no ITT analysis. For the NMA and its estimates, the included studies are reported to
have moderate risk of bias (i.e., low or unclear) in the allocation concealmentdomain
(OCTAVE, PURSUIT), in the blinding of patients or outcome assessors (OCTAVE and
PURSUIT), and in using an adequate ITT analysis or missing data (OCTAVE), although
these risks of bias are not described in detail for each outcome.

Although the NMAs conducted in non-biologic failure patients at one year were robust,
involved fewerimputations, and presented one loop for the network of clinical remission
and mucosal healing, there is imprecision in the effectestimates on other comparisons, with
a considerable number of wide Crls around several NMA effectestimates, suggesting low
numbers of events or issues with the stability of the model results.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 86



CADTH

The authors present results based on the fixed-effects model, and one analysis thatused a
random-effects model is presented as an appendix for comparison. Given the heterogeneity
suspected, using a random-effects model would have been desirable, as would presenting
both results with fixed- and random-effects models for proper comparison.

The authors’ recalculation of datain the mimicking of a treat-through designisa novel
approach with one reference for validation.* They based their results on an imputation
processthat mightbe prone to errorsand a risk of bias, and the severity and direction of
any potential biasis unknown. The precision of their comparisons was likely overestimated
because they used a single imputation approach and did are calculation of the sample size
to correspond to the number of patients recruited during the induction phase of the study.
By doing so, the authors were assuming they have more observed data than actually exists
in each study, which can produce an overestimated precision. The authors provided a
multiple-imputation sensitivity analysis that showed an overall consistentresult and no
change in conclusions. However, the shortcomings of this analysis are that the distributions
used to impute data did not account forthe heterogeneity observed across studies, and
recalculations did notaccount for patients who dropped out of the studies. These
shortcomings can both overestimate precision.

Only three outcomeswere included in this NMA. Furthermore, no AEs were evaluated.
Although the authors clearly state theirreasonsfor not addressing AEs, a narrative
statementof all of the importantoutcomes (including AEs) would be helpful to provide a
comprehensive overview of the desirable and undesirable effects for decision-making.

Summary

This systematic review and NMA of ITCs provides a synthesis to assess the efficacy of
ustekinumab when compared indirectly with other interventions, namely, infliximab,
adalimumab, vedolizumab, golimumab, tofacitinib, and placebo. It evaluates three
outcomes: clinical remission, clinical response, and mucosal healing, all in patients
considered biologic or non-biologic failures, and also in the induction and maintenance
phases of drug administration. To address the differences in the maintenance phase of the
studies, the authors performed arecalculation to equalize studies in terms of design, that is,
the data from re-randomized response-based trials were recalculated to mimic data that
would have been obtained through a treat-through design, and relative effects and
probabilities were calculated atthe one-yeartargetefficacy.

Based on the NMA of the induction phase, ustekinumab had higher odds of clinical
response, clinical remission, and mucosal healing against placebo and adalimumab (both
biologic and non-biologic failure patients were more likely to achieve clinical response, but
only biologic failure patients were more likely to achieve both clinical remission and
mucosal healing). For the rest of the comparisons, ustekinumab either did notincrease or
decreased the odds of any of these outcomes when compared with infliximab, vedolizumab,
golimumab, and tofacitinib.

In the maintenance phase, ustekinumab had higher odds of clinical response in non-
biologic failure patients when compared with adalimumab, golimumab, tofacitinib, and
placebo, but not againstvedolizumab, while in the biologic failure patients, itwas only better
than placebo. For clinical remission, ustekinumab provided higher odds againstgolimumab,
adalimumab, and placebo in the non-biologic failure group (butnotagainstvedolizumab,
infliximab, or tofacitinib); while in the biologic failure group, ustekinumab was only better
than placebo. Lastly, ustekinumab had higher odds of mucosal healing in non-biologic
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failure patients than adalimumab, golimumab, and placebo, butit was no better than
infliximab, tofacitinib, and vedolizumab.

The limitations of the NMA include uncertainty aboutthe effectestimates, particularly for the
one-year outcomes, mostly due to concerns regarding heterogeneity and intransitivity, the
potential for bias due to violationsin the assumptions of the imputation process, and
overestimated precision for reported comparisons. Furthermore, individual studies had a
moderate risk of bias, with concerns arising from the randomization process, unclear
blinding, and unbalanced dropoutrates,and no ITT analysis.

Discussion

Summary of Available Evidence

One study, the UNIFI trial, and an ITC were reviewed. The UNIFI trial represents the only
randomized trial available thatassessed the use of ustekinumab in patients with moderate-
to-severe UC and its results were included into the systematic review of ITCs (NMA).

UNIFI is an RCT with an eight-weekinduction and a 44-week maintenance period that
included a total of 961 patients randomized to ustekinumab (either 130 mg [n= 320
patients] or approximately 6 mg/kg [n = 322]) or placebo (n = 319). Patients who had a
response to induction therapy eightweeks after the administration of IV ustekinumab were
randomly assigned again to receive SC maintenance injections of 90 mg of ustekinumab
(eitherevery 12 weeks[172 patients] or every eight weeks [176]) or placebo (175). The
primary end pointin the induction trial (week 8) and the maintenance trial (week 44) was
clinical remission. In both phases, ustekinumab improved the primary outcomes. For
instance, in the induction phase, the groupsthat received IV ustekinumab atweek 8 had a
higher proportion of patients with clinical remission, both inthe 130 mg (15.6%) group and
the 6 mg/kg (15.5%) group when compared with placebo (5.3%) (P < 0.001 for both
comparisons), while the proportion of patients who had clinical remission atweek 44 was
significantly higherin the 90 mg every 12 weeks group (38.4%) and every eightweeks
(43.8%) group than in the placebo group (24.0%) (P = 0.002 and P < 0.001, respectively),
with no clear differencesin the proportion of AEs.

The systematic review of ITCs is an evidence synthesis that was submitted by the sponsor
to addressthe effectof ustekinumab versus other comparators with similar indications. The
authors of the review performed an NMA to assess the efficacy indirectly compared with
other interventions: infliximab, adalimumab, vedolizumab, golimumab, tofacitinib, and
placebo, and evaluated three outcomes: clinical remission, clinical response, and mucosal
healing, all in patients considered biologic or non-biologic failures, and also in the induction
and maintenance phases of drug administration. The authors performed recalculations to
equalize data from re-randomized response-based trials to mimic data that would have
been obtained through a treat-through design. Based on the NMA of the induction phase,
ustekinumab had higher odds of clinical response, clinical remission, and mucosal healing
againstplacebo and adalimumab (in biologic and non-biologic failure patients for clinical
response, but only in biologic failure patients for clinical remission and mucosal healing).
For the rest of the comparisons, ustekinumab either did notincrease or decreased the odds
of any of these outcomes whencompared with infliximab, vedolizumab, golimumab, and
tofacitinib. In the maintenance phase, ustekinumab had higher odds of clinical response in
non-biologic failure patients when compared with adalimumab, golimumab, tofacitinib, and
placebo, but not againstvedolizumab while, in the biologic failure patients, itwas only better
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than placebo. For clinical remission, ustekinumab provided higher odds againstgolimumab,
adalimumab, and placebo in the non-biologic failure group (butnotagainstvedolizumab,
infliximab, or tofacitinib) while, in the biologic failure group, itwas only better than placebo.
Lastly, ustekinumab had higher odds of mucosal healing in non-biologic failure patients
than adalimumab, golimumab, and placebo, butit was no better than infliximab, tofacitinib,
and vedolizumab.

Interpretation of Results

Efficacy

Overall, ustekinumab was more effective than placebo forinducing and maintaining
remission in patients with moderate-to-severe UC. When compared with placebo,
ustekinumab IV demonstrated superiority in both doses (6 mg/kg and 130 mg) forinduction
of remission, and this effectwas also observed in the maintenance phase, ata dosage of
90 mg SC eitherevery 8 or every 12 weeks. The results were consistently in favour of
ustekinumab in both phases, regardless of the definition of clinical remission used (US or
global), and sensitivity analyses showed the results to be robustand relatively stable.
Subgroup analyses also generally aligned with the full population analysis. However, no
statistics related to tests for interaction between subgroups were reported and, given the
relatively small sample sizes for the subgroup analyses, any finding is difficultto interpret. It
was reported in the UNIFI maintenance study that for the induction-treatment subgroups
(ustekinumab 6 mg/kg IV [approximately], 130 mg IV, or placebo IV), there may be a lower
maintenance-treatmenteffecton clinical remission (particularly for the every 12 weeks
regimen) for patients who had received the 130 mg IV induction treatmentor the placebo IV
induction treatment. The sample sizes forthese analyses were relatively small and
estimates were imprecise.

This superior efficacy with ustekinumab over placebo was consistentin other clinically
relevantoutcomes, such as clinical response, glucocorticoid-free remission, and
endoscopic healing. Although the data suggested greaterimprovements in HRQoL,
mucosal healing, and productivity with ustekinumab versus placebo, these outcomeswere
notincluded in the hierarchical analysis plan forthe maintenance phase and, therefore, not
adjusted forinflated type | error. There were too few events related to colectomies (three
patients treated with placebo and two patientsin the combined ustekinumab group) to draw
conclusionson.

Based on ITCs, there is no clear superiority of ustekinumab againstother common
comparators with the same indication, with inconsistency in the body of evidence and risk of
biasthat decrease our confidence in this result. When comparing ustekinumab with other
similar comparators with the same indication, itis difficultto address the relative effects of
ustekinumab and its superiority, as most ORs and predictive intervals are close to the unity
and imprecision was frequent.

An importantconsideration is that the evidence for the efficacy of ustekinumab arises from
a single RCT. This is important, considering a proportion of patients treated with
ustekinumab may require a second dose to address those patients considered

late responders. The timing to assess the late response is a matter of clinical discussion
and one that requires additional studies to investigate.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 89



CADTH

Harms

Overall, no unexpected AEs were detected in the UNIFI trial. Importantconcerns such as
cancer and seriousinfectionswere similar between the ustekinumab and placebo groups,
although there were relatively few events to form strong conclusions on. Cancers
developedin seven patients who received ustekinumab (including three cases of non-
melanoma skin cancer) and in one patientwho received placebo. Potential opportunistic
infections developed in four patients who received ustekinumab. There were no cases of
anaphylaxis or serious hypersensitivity reactions in patients who received ustekinumab.

The systematic review and NMA did not address AEs due to how exposure mightbe related
to efficacy and to the fact the placebo groupsin the differentstudies (including UNIFI) are
not “true” placebo groups. The authors provide data from previous studies for their
rationale, although thiswas a concern for our review team, as notincluding AEs will provide
an incomplete picture for decision-making, based on a systematic review of ITCs.

Conclusions

Based on one trial, ustekinumab is more effective than placebo forinducing and
maintaining clinical remission and clinical response, maintaining a corticosteroid-free
remission, and inducing and maintaining endoscopic healing in patients who have
moderate-to-severe UC, despite currentor previous treatmentwith conventional or biologic
therapy.

Based on one review of ITCs, although with better odds for all outcomeswhen compared
with placebo, ustekinumab had no clear superiority over other common comparators with
the same indication, although there is still uncertainty due to inconsistency in the body of
evidence andrisk of bias that decreases our confidence in thisresult.

Although AEs were not differentbetween ustekinumab and placebo, the number of events
were low and more long-term studies are needed to assess possible harms.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 90



CADTH

Appendix 1: Literature Search Strategy

Clinical Literature Search

OVERVIEW

Interface: Ovid
Databases: MEDLINE All (1946-present)
Embase (1974-present)
Cochrane Central Register of Controlled Trials (CCTR)
Note: Subjectheadings have been customized for each database. Duplicates between databases were
removed in Ovid.
Date of Search: September 10,2019
Alerts: Weekly search updates until project completion
Study Types: No study limits used
Limits: Publication date limit: None used
Conference abstracts: excluded
/ At the end of a phrase, searchesthe phrase as a subjectheading
MeSH Medical SubjectHeading
fs Floating subheading
exp Explode a subjectheading
* Before a word, indicates that the marked subjectheading is a primary topic;
or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings
# Truncation symbol for one character
? Truncation symbol forone or no characters only
adj# Requiresterms to be adjacentto each other within # number of words (in any order)
ti Title
.ab Abstract
.hw Heading word; usually includes subjectheadings and controlled vocabulary
kf Author keyword heading word (MEDLINE)
kw Author keyword (Embase);
.pt Publication type
-mp Mapped term
.m Registry number
yr Publication year
Jw Journal word title
freq=# Requiresterms to occur # number of timesin the specified fields
medall Ovid database code: MEDLINE All, 1946 to present, updated daily
oemezd Ovid database code; Embase, 1974 to present, updated daily
cctr Ovid database code; Cochrane Central Register of Controlled Trials

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 91



CADTH

MULTI-DATABASE STRATEGY

1 ustekinumab/

2 (Stelara* or ustekinumab* or CNTO 1275 or CNTO1275 or FU77B4U5Z0 or UNIIU77B4U5Z0).ti,ab,rn,nm kf,ot.
3 Colitis, ulcerative/

4 (colitis or colorectitis or proctocolitis).ti,ab,kf.
5 lor2

6 3or4

7 5and6

8 7 use medall

9 *ustekinumab/

10 (Stelara* or ustekinumab* or CNTO 1275 or CNTO1275).ti,ab,kw,dq.
11 exp ulcerative colitis/

12 (colitis or colorectitis or proctocolitis).ti,ab,kw.
13 9o0r10

14 11l or12

15 13 and 14

16 15 use oemezd

17 16 or8

18 conference abstract.pt.

19 conference review.pt.
20 18 or 19
21 17 NOT 20
22 remove duplicates from 21

CLINICAL TRIAL REGISTRIES

ClinicalTrials.gov Produced by the US National Library of Medicine. Targeted search used to capture registered clinical
trials.
Termsused: Stelara AND ulcerative colitis

WHO ICTRP International Clinical Trials Registry Platform, produced by the World Health Organization. Targeted
search used to capture registered clinical trials.
Termsused: Stelara AND ulcerative colitis

OTHER DATABASES

PubMed Searched to capture records not found in MEDLINE. Same MeSH, keywords, limits, and study
types used as per MEDLINE search, with appropriate syntax used.
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Dates for Search:

Keywords:

Limits:

No date limits used

Stelara, ustekinumab, ulcerative colitis

None used

Relevant websites from the following sections of the CADTH grey literature checklist Grey
Matters: A Practical Tool For Searching Health-Related Grey Literature
(https://www.cadth.ca/grey-matters) were searched:

Health Technology AssessmentAgencies
Health Economics

Clinical Practice Guidelines

Drug and Device Regulatory Approvals
Advisories and Warnings

Drug Class Reviews

Clinical Trial Registries

Databases (free)

Health Statistics

Internet Search
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Appendix 2: Excluded Studies

Table 25: Excluded Studies

Reference Reason for Exclusion

Paul C, Griffiths CEM, van de Kerkhof PCM, et al. Ixekizumab provides Differentpopulation assessed (patients with
superior efficacy compared with ustekinumab over 52 weeks of treatment. | psoriasis).

Results from IXORA-S, a phase 3 study. J Am Acad Dermatol.

2019;80(1):70-79.e73.

CADTH COMMON DRUG REVIEW Clinical Review Report for Ustekinumab (Stelara) 94



CADTH

Appendix 3: Detailed Outcome Data

Table 26: Efficacy Outcomes — UNIFI Study, Efficacy Population (US Definitions)

Induction phase Ustekinumab IV Placebo
Combined
N =642
Clinical remission (US definition) at week 82
Number of patientsin clinical remission, 53 (16.6) 61 (18.9) 114 (17.8) 20 (6.3)
n (%)
Risk difference againstplacebo, (95% CI); 10.3 (4.8 to 15.8); 12.7 (7.0 to 18.4); 11.5(7.0 to 16.0); -
P value® <0.001 <0.001 <0.001

Maintenance phase Ustekinumab SC Placebo

90 mg gq.12.w. 90 mg g.8.w. Combined
N=172 N=176 N =348

Clinical remission (US definition) at week 442

Number of patients in clinical remission, 68 (39.5) 75 (42.6) 143(41.1) 43 (24.6)
n (%)

Percentage difference against placebo, 15.1 (6.0 to 24.2); 17.9 (8.6 to 27.2); 16.5 (8.7 to 24.3); -
(95% CI);* P value® 0.002 <0.001 <0.001

Corticosteroid-free clinical remission (US definition) at week 442

Number of patientsin clinical remission, 67 (39.0) 74 (40.9) 139(39.9) 42 (24.0)
n (%)

Percentage difference againstplacebo, 15.1 (6.1 to 24.2); 16.8 (7.6 to 26.0); 15.9 (8.2 to 23.7); -
(95% CI);> P value® 0.002 <0.001 <0.001

Cl = confidence interval; q.8.w. = every eight weeks; g.12.w. =every 12 weeks; SC = subcutaneous.

2An absolute stool number < 3, a Mayo rectal bleeding subscore of 0, and a Mayo endoscopy subscore of 0 or 1.
> The Cls were based on the Wald statistic with Mantel-Haenszel weight.

¢ The P values were based on the Cochran-Mantel-Haenszel test.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 15: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 130 mg
Group Versus Placebo Group for Extent of Disease and Disease Severity Subgroups
(Induction Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remissian
(global definition) at Week 8
Ustekinumab

Placebo 130 mg
Odds
Odds Ratio and 95% Cl N % N % Ratio 95% Cl  p-value

All subjects F—e— 319 5.3 320 156 3.4 (1.89,6.04) < 0.001
UC disease duration (yrs)

=5 —— 139 72 137 175 2.8  (1.26,6.17) 0.011

>5to =15 e 131 2.3 131 145 7.5 (2.15,26.48) 0.002

> 15 e 49 B.2 52 135 1.5 (0.40, 5.76) 0.541
Extent of disease

Limited | ——— 167 5.4 183 13.7 2.9 (1.31,6.50) 0.009

Extensive —e— 149 5.4 135 18,5 4.2 (1.79,9.84) <0.001
Severity of UC disease

Moderate: 6= Mayo score = 10 —e— 263 6.1 271 16.6 3.1 (1.71, 5.75) < 0.001

Severe: Mayo score > 10 54 0.0 48 8.3 NC (NC, NC) NC
Extraintestinal manifestations

Absent F—e— 235 5.1 230 14.3 3.3 (1.64,6.67) < 0.001

Present N l—¢—| - 84 6.0 90 18.9 36 (1.27,10.44) 0.016

O,Il 1 1IO IIIJO
Placebo Ustekinumab
Better Better

Cl = confidence interval; NC = no change; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 16: Clinical Remission (Global Definition) at Week 8 in the Group Receiving
Approximately 6 mg/kg of Ustekinumab Versus the Placebo Group for Extent of Disease
and Disease Severity Subgroups (Induction Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 8
Ustekinumab

Placebo 6 mg/kg
Odds
Odds Ratio and 95% CI N % N % Ratio 95%Cl  p-value

All subjects —— 319 5.3 322 15,5 3.4  (1.88,599 <0.001
UC disease duration (yrs)

=5 —— 129 7.2 146 17.8 2.9 (1.321,6.28) 0.008

>5to =15 e S | 131 2.3 127 126 6.4 (1.80, 23.08) 0.004

> 15 o S| 49 8.2 49 16.3 2.2 (0.60,7.95) 0.234
Extent of disease

Limited —— 167 5.4 168 15.5 3.3 (1.49,7.46) (0.003

Extensive —e— 149 5.4 152 15.8 33 (1.43,7.66) 0.005
Severity of UC disease

Moderate: 6= Mayo score = 10 p—e— 263 6.1 276 16.7 3.3 (1.78, 5.95) < 0.001

Severe: Mayo score =10 54 0.0 45 2.9 MNC (NC, NC) NC
Extraintestinal manifestations

Absent —— 235 5.1 225 19.1 4.5  (2.29,8.83) <0.001

Present . |—~0—| o e 84 6.0 97 7.2 1.2 (0.37, 4.08) 0.738

O.ll i 1[0 l(I)O
Placebo Ustekinumab
Better Better

Cl = confidence interval; NC = no change; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 17: Clinical Remission (Global Definition) at Week 8 in the Group Receiving
Approximately 6 mg/kg of Ustekinumab Versus the Placebo Group for History of
Conventional Therapy for UC Subgroups (Induction Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 8
Ustekinumab

Placebo 6 mg/fkg

Odds
Odds Ratio and 95% Cl N % N % Ratio 95% Cl  p-value

All subjects —e—| 319 5.3 322 155 3.4 (1.88, 5.99) < 0.001
Refractory or intolerant to 6-MPfAZA

Yes —— 173 46 175 17.1 4.3  (1.89,9.73) < 0.001

No —e— 146 6.2 147 13.6 2.5 (1.10,5.83) 0.029
Refractory, dependent or intolerant to oral or IV
corticosteroids

Yes —— 267 6.4 259 14.3 2.5 (1.38, 4.68) 0.003

No 52 0.0 63 206 NC (NC, NC) NC
Refractory, dependent or intolerant to oral or
IV corticosteroids, but not refractory or
intolerant to 6-MPJAZA

Yes h—e— 126 7.1 129 13.2 2.1 (0.90,5.03) 0.087

No F—— 193 4.1 193 17.1 4.7 (2.10, 10.57)< 0.001
Refractory, dependent or intolerant to oral
ar IV corticosternids, AND refractory or intolerant
to 6-MP/AZA

Yes —— 141 5.7 130 15.4 2.9 (1.23,7.07) 0.016

No : —— : i 178 5.1 192 15.6 3.6  (1.66,7.95) 0.001

0.1 1 10 100
Placebo Ustekinumab
Better Better

6-MP = 6-mercaptopurine; AZA = azathioprine; CI = confidence interval; NC = no change; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 18: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 130 mg
Group Versus Placebo Group for History of Conventional Therapy for UC Subgroups
(Induction Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 8
Ustekinumab

Placebo 130 mg
Odds
Odds Ratio and 95% Cl N % N % Ratio 95%Cl p-value

All subjects —— 319 5.3 320 15.6 3.4 (1.89, 6.04) <0.001
Refractory or intolerant to 6-MPJAZA

Yes —e— 173 46 182 126 2.9 (1.22,6.68) 0.016

No —e— 146 6.2 138 196 4.3  (1.91,9.72) <0.001
Refractory, dependent or intolerant to oral or IV
corticosteroids

Yes —e— 267 6.4 250 14.4 2.5 (1.37, 4.69) 0.003

No 52 0.0 69 203 NC (NC, NC) NC
Refractory, dependent or intolerant to oral or
IV corticosteroids, but not refractory or
intalerant to 6-MPJAZA

Yes F—e— 126 7.1 118 195 3.8 (1.65,8.84) 0.002

No —— 163 4.1 201 134 3.6 (1.56,8.17) 0.003
Refractory, dependent or intolerant to oral
or |V corticosteroids, AND refractory or intolerant
to 6-MP/AZA

Yes T 141 57 132 9.8 1.6  (0.61, 3.96) 0.358

No : |—0—|| : 178 5.1 187 19.8 5.1 (2.37,11.10)< 0.001

0.1 1 10 100
Placebo Ustekinumab
Better Better

6-MP = 6-mercaptopurine; AZA = azathioprine; Cl = confidence interval; NC = no change; UC = ulcerative colitis.
Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 19: Clinical Remission (Global Definition) at Week 8 in the Group Receiving
Approximately 6 mg/kg of Ustekinumab Versus the Placebo Group for History of Biologics
for UC Subgroups (Induction Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 8
Ustekinumab

Placebo 6 mg/kg

Odds Ratio and 95% Cl N % N % gjt‘ij; 95% Cl  p-value
Biologic failure status
Yes e 161 1.2 166 12.7 11.5 (2.66, 50.05) 0.001
No s 158 9.5 156 186 2.2 (1.11,4.25) 0.024
Subjects with biologic failures
to
Only anti-TNF (NOT to vedolizumab)
Yes f———e— 112 1.8 106 14.2 9.2 (2.04,41.24) 0.004
No —e— 207 7.2 216 1b.2 2.5 (1.32,4.81) 0.005
At least one anti-TNF
(regardless of vedolizumab)
Yes P 159 1.3 164 12.8 11.6 (2.66,50.16) 0.001
No F—— 160 9.4 158 184 2.2 (1.11,4.26) 0.023
Any anti-TNF and vedolizumab
Yes 47 0.0 58 10.3 NC (NC, NC) NC
No : | —e—i : : 272 6.3 204 16.7 3.0 (1.69,5.50) <0.001
0.1 1 10 100
Placebo Ustekinumab
Better Better

Cl = confidence interval; NC = no change; TNF = tumour necrosis factor; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 20: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 130 mg
Group Versus Placebo Group for History of Biologics for UC Subgroups (Induction Primary
Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 8
Ustekinumab

Placebo 130 mg
Odds
Odds Ratio and 95% CI N % N % Ratio  95%Cl p-value
Biologic failure status
Yes P 161 1.2 164 116 10.5 (2.40, 45.88) 0.002
No F—e— 158 95 156 199 24 (1.22,4.60) 0.011
Subjects with biologic failures
to
Only anti-TNF (NOT to vedolizumab)
Yes —w 112 1.8 107 11.2 7.3 (1.58, 33.56) 0.011
No —— 207 7.2 213 178 2.8 (1.50,5.36) 0.001
At least one anti-TNF
(regardless of vedolizumab)
Yes A 156 1.3 162 11.1 10.0 (2.27, 43.77) 0.002
No —— 160 9.4 158 20.3 2.5 (1.27,4.76) 0.007
Any anti-TNF and vedolizumab
Yes 47 0.0 55 10.9 NC (NC, NC) NC
No | | e+ : | 272 6.3 265 166 3.0 (1.66,5.41) < 0.001
0.1 1 10 100
Placebo Ustekinumab
Better Better

CIl = confidence interval; NC = no change; TNF = tumour necrosis factor; UC =ulcerative colitis.
Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 21: Clinical Remission (Global Definition) at Week 44 in the Ustekinumab 90 mg SC
Every Eight Weeks Group Versus Placebo Group for Extent of Disease and Disease Severity
Subgroups (Maintenance Primary Efficacy Analysis Set; From Induction Baseline)

Froportion of Subjects in Clinical Remission
(global definttion) &t Week 44
Ustekinumab

Placebo 90 mg SC gBw

Odds
Odds Ratio and 95% Cl N % N 5% Ratio 95% Gl p-value
All subjects f—a—{ 175 240 176 438 26 (163, 421) <000
UC disease duration (yrs)
<=5 —e—| 80 338 70  50.0 22 {1.12,4.39) 0023
*5to==15 —— 72 194 a1 37.0 23 (1.05, 5.23) 0,037
>15 I 23 43 25 480 281 (292, 289.73) 0,004
Extent of disease
Limitad —e— 89 315 85 463 24 (1.25,458) 0,009
Extensive F—e— 86 163 B0 4.3 32 {1.52,6.72) 0002
Severity of UC disease
Moderate: 6<= Mayo score <=10 f—a— 156 250 147 4.5 22 (1,34, 3.72) 0,002
Severs: Mayo score =10 F * | 19 158 27 556 a1 (1.61,50.v5) 02
Extraintestinal manifestations
Absent —— 127 236 130 448 29 (165508 <0001
Presant I |—I-—¢—| e 48 250 45 M3 22 (0,86, 5.76)  0.099
0.1 1 10 100
Placebo Ustekinumab
Better Batter

Cl = confidence interval; q8w = every eight weeks; UC = ulcerative colitis.
Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 22: Clinical Remission (Global Definition) at Week 44 in the Ustekinumab 90 mg SC
Every 12 Weeks Group Versus the Placebo Group for Extent of Disease and Disease
Severity Subgroups (Maintenance Primary Efficacy Analysis Set; From Induction Baseline)

Proportion of Subjects in Clinical Remission
(glabal definition) at Week 44
Ustekinumab
Placebo 90 mg SC g12w

Odds
Odds Ratio and 95% CI N % N % Ratio 95% Cl p-value
All subjects —e— 175 240 172 384 21 (1,30, 3.45) 0,003
JC disease duration (yrs)
<=5 F—e— B0 338 T4 432 16 (0,79, 3.08) 0197
> 5t <= 15 A 72 194 B5 354 285 (1.24,699) 0014
=15 I - { 23 4.3 33 33.3 a7 (1.13, 83.44) 0.038
sxtent of disease
Limited f—— B9 3.5 92 41.3 1.6 (0,86, 3.12) 0.130
Extensive e 86 163 80 350 31 (142 667) 0.004
severity of UC disease
Moderate: 6<= Mayo score <=10 —e— 156 250 150 400 22 (1,29, 3.60) 0,003
Severe: Mayo score >10 | +* | 19 158 222 273 19 (0,35, 9.94) 0,463
Sxtraintestinal manifestations
Absent —e— 127 238 128 408 232 (1.27,386) 0,005
Present : e I!_l;_l-ﬁn!' I 48 25.0 44 31.8 23 (0,79, 6.63) 0.129
01 1 10 100
Placebo Ustekinumab
Better Batter

Cl = confidence interval; 12w = every 12 weeks; SC = subcutaneous; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 23: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 90 mg SC
Every Eight Weeks Group Versus Placebo Group for History of Conventional Therapy for
UC Subgroups (Maintenance Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 44

Ustekinumab
Placebo 80 mg SC qw
Odds
Odds Ratio and 85% Cl N % N 9% Rato  95%C|  p-value
All subjects e 175 240 176 438 26 (1.63 4217 <0.001
Refractory or intolerant to B-MP/AZA
Yes f—e— 100 31.0 84 521 27 (1.44, 497) 0.002
Mo —e— 75 147 B2 341 3.4 (1.46 7.74) (0.004
Refractory, dependent or intolerant to oral or IV
corticosteroids
Yes  —— 133 185 135 422 31 (1.75, 537 <0001
Mo e 42 381 41 488 1.7 (0.62 457) 0.3
Refractory, dependent or intolerant to oral or
I\ corticosteroids, but not refractory or
intelerant to G-MPIAZA
Yes e B2 161 B9 36.2 3.2 (1.31, 7.59) 0.010
Mo —— 113 283 107 488 27 (1.48, 4.82) 0.001
Refractory, dependent or intolerant to oral
ar IV corticosteroids, AMD refractory or intolerant
to B-MPIAZA,
Yes p—e—o 71 225 66 485 36 (1.68 7.81) 0.001
Mo —— 104 250 110 409 23 (1.22, 418) 0.009
L L b B L) B L AL |
0.1 1 10 100
Placebo Ustekinumab
Battar Batter

6-MP = 6-mercaptopurine; AZA = azathioprine; Cl = confidence interval; g8w = every eight weeks; SC = subcutaneous; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 24: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 90 mg SC
Every 12 Weeks Group Versus the Placebo Group for History of Conventional Therapy for

UC Subgroups (Maintenance Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 44

Ustekinumab
Placebo 90 mg SC g12w
Odds
Odds Ratio and 5% C| N % N % Rato 95%Cl  p-value
All subjects e 175 240 172 384 24 (1.30,345) 0003
Refractory or intalerant to 6-MPIAZA,
Yes —— 100 31.0 80 389 1.5 (0.80, 2.86) 0.205
No e 785 147 B2 378 39 (171,883 0001
Refractory, dependent or intolerant to oral or IV
corticostaroids
Yes |—a—] 133 195 137 3568 2.4 (1.34, 422) 0003
Mo —e— 42 381 35 486 1.9 (068, 539) 0222
Refractory, dependent or intolerant to oral or
I\ corticosteroids, but not refractory or
intolerant to G-MPIAZA,
Yes p—e— g2 1861 74 378 3.4 (1.43, 7.88) 0006
Mo f—e— 113 283 98 388 18 (095, 3.28) 0.070
Refractory, dependent or intolerant to oral
or I\ corticosteroids, AND refractory or intolerant
to G-MPIAZA
Yes —e— 7 225 B3 333 1.8 (0.80, 3.84) 0181
Na —e— 104 250 109 413 23 (1.26, 4.35) 0007
LR R AL B R L L L) B R LR L]
01 1 10 100
Placebo Ustekinumab
Bettar Better
6-MP = 6-mercaptopurine; AZA = azathioprine; Cl = confidence interval; 12w = every 12 weeks; SC = subcutaneous; UC = ulcerative colitis.
Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 25: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 90 mg SC
Every Eight Weeks Group Versus Placebo Group for History of Biologics for UC Subgroups
(Maintenance Primary Efficacy Analysis Set)

Propartion of Subjects in Clinical Remission
(global definition) at Week 44

Ustekinumab
Placebo 80 mg 5C qBw
Odds
Qdds Ratio and 25% C| N o, M a Ratio g55 C| p-value
All subjects e 175 240 176 438 2.6 (163, 421) =< 0.001
Biclogic failure status
Yes —e— &8 17.0 81 3896 4.3 (1.95 968) <0001
Mo —e— 87 3.0 B5 482 21 (1.12, 3.54) 0.022
Subjects with biologic failures
to
Cnly anti-THF (NOT to vedolizumah)
Yes f—e— 60 183 B9 406 51 (1.87,14.03) 0.001
Mo f—a— 116 270 107 458 23 (1.28,3.87) 0.005
At least one anti-TNF
{regardless of vedolizumak)
Yes e a7 172 90 389 41 (1.85,9.22) < 0.001
Mo b—e—| 88 307 BE 4B8 2.2 (1.17, 4100 0015
Any anti-TNF and vedolizumab
Yas - - 27 148 21 333 41 (0.84, 20.56) 0082
Mo e 148 257 155 452 26 (1.57, 4.33) < 0.001
Vedolizumab
Yes P 28 143 22 364 4.8  (1.00,23.04) 0.051
Mo S I—"—|I S 147 258 154 448 25 (1.93, 4.23) =< 0.001
01 1 10 100
Placebo Ustekinumab
Better Better

CIl = confidence interval; q8w = every eight weeks; TNF = tumour necrosis factor; SC = subcutaneous; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 26: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 90 mg SC
Every 12 Weeks Group Versus the Placebo Group for History of Biologics for UC Subgroups
(Maintenance Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
(global definition) at Week 44

Ustekinumab
Placebo 80 mg SC q12w
Odds
Odds Ratio and 5% CI N o N e Ratio 95% C| p-value
Al subjects —e— 175 240 172 384 21 (1.30, 3.45) 0.003
Biologic failure status
Yes —e— 88 170 7O 228 23 (094, 578) 0086
Mo —e— 87 31.0 102 480 21 (1.12,382) 0020
Subjects with biclogic failures
to
Only anti-THNF {NOT to vedolizumah)
Yes e B0 183 453 229 20 (089, 585) 0188
Mo —— 116 27.0 124 444 22 (1.23,3.77) 0007
At least one anti-THF
{regardless of vedolizumakb)
Yes f—a— 87 172 70 229 23 (092 584) 0075
Mo —e— 88 307 102 480 21 (1.15,380) 0016
Any anti-THNF and vedolizumab
Yes - 27 148 22 227 4.0 (084, 25.15) 0136
Mo —=— 148 257 150 407 21 (1.24, 3.46) 0.005
Vedolizumab
Yes f———— 28 143 22 227 45 (0.72 2764) 0109
[¢] S 1l—'—|I S 147 259 150 407 20 (1.22,3.41) 0.006
01 1 10 100
Placebo Ustekinumab
Better Better

Cl = confidence interval; 12w = every 12 weeks; TNF = tumour necrosis factor; SC = subcutaneous; UC = ulcerative colitis.

Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 27: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 90 mg SC
Every Eight Weeks Group Versus Placebo Group for Maintenance Baseline Stratification

Variables (Maintenance Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission
{global definition) at Week 44

Ustekinumals
Placebo 90 mg SC gBw
Odds

Odds Ratio and 95% Cl N % N % Ratic 95% Cl  pvalue
All subjects o 175 240 176 438 26 (163, 421) <0001
Clinical remission status at maintenance basaline
as determined by the MRS
Yas F—— a0 420 51 B2TY 23 (1.05 518) 00338
Mo - 125 168 125 380 28  (1.54, 507) =0.001
Induction treatment
Ustekinumab 130 mg IV e 58 328 583 347 1.4 (083 301) 0427
Ustakinumab & malkg IV F—e— 63 203 7O 486 40 (1.82 8868 =0.001
Placehao IV to Ustekinumab & ma/kg IV ] 48 188 48 417 35 (1.30,834) 0.3
Oral corticostercid use at maintenancs baseline
as recorded in the WRS
Yeas e B4 214 B4 M7 32 (1.51,878) 0002
No e 91 264 892 457 24 (1.26, 4.46) 0.007
0.1 1 10 100
Placebo Ustekinumakb
Battar Batter
CIl = confidence interval; IWRS = interactive web response system; q8w =every eight weeks; SC = subcutaneous.
Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Figure 28: Clinical Remission (Global Definition) at Week 8 in the Ustekinumab 90 mg SC
Every 12 Weeks Group Versus the Placebo Group for Maintenance Baseline Stratification
Variables (Maintenance Primary Efficacy Analysis Set)

Proportion of Subjects in Clinical Remission

(US definition) at Week 44
Ustekinumaky
Placebo 80 mg SC gl2w
) Qdds
Odds Ratio and 85% Cl N % N % Rato  85% Cl  p-value
All subjects e 175 246 172 395 22 (134 354) 0002
Clinical remission status at maintenance
baseline as determined by the WRS
Yes f—e— S0 440 48 604 1.9 (087 434) 0107
Mo = 125 168 124 315 23 (126 431) 0007
Induction treatment
Ustekinumakb 130 mg IV ] 58 293 58 375 1.5 (067, 339) 0323
Ustekinumab & mglkg IV F—— 63 248 89 522 36 (169 7.59) =0.0M
Placebo IV to Ustekinumab 6 mg/lkg IV —o— 48 188 47 234 1.4 (050, 413) 0507
Oral corticosteroid use at maintenance
baseline as recorded in the WRS
Yes —e— 84 2286 81 358 22 (1.03 467) 004
Mo —— 91 264 91 429 22 (115 419 007
mmﬂq_
01 1 10 100
Flacebo Ustakinumak
Batter Better
CIl = confidence interval; IWRS = interactive web response system; q12w = every 12 weeks; SC = subcutaneous.
Source: Clinical Study Reports for the UNIFI induction® and maintenance? studies.
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Appendix 4: Description and Appraisal of
Outcome Measures

Aim

To describe the following outcome measures and review their measurementproperties

(validity, reliability, responsivenessto change, and minimal clinically important difference)
(MCID):

Mayo scoring system
IBDQ

e SF-36

EQ-5D

o WPAI-GH

The WPAI-GH was measured in the UNIFI induction and UNIFI maintenance studies with
the objective of informing the pharmacoeconomic model. The Ulcerative Colitis Endoscopic
Index of Severity was also measured in the UNIFI studies as an exploratory outcome and,
therefore, is not reviewed in this section.

Table 27: Outcome Measures Included in Each Study

Outcome measure | UNIFI induction | UNIFI maintenance
Mayo score Primary Primary

IBDQ Secondary Secondary

SF-36 Secondary Secondary

EQ-5D Secondary Secondary

WPAI-GH Other Other

EQ-5D-5L = EuroQol 5-Dimensions 5-Levels; IBDQ = Inflammatory Bowel Disease Questionnaire; SF-36 = Short Form (36) Health Survey; WPAI-GH = Work Productivity

and Activity Impairment Questionnaire — General Health.

Findings
The validity, reliability, responsiveness, and MCID of each outcome measure were

summarized and evaluated. Interpretation of the reliability and validity metrics were based
on the following criteria:

¢ Inter-rater reliability, kappa statistics (level of agreement):#
o less than 0 = pooragreement
o 0.00to 0.21 = slightagreement
o 0.21to 0.40 = fairagreement
o 0.41 to 0.60 = moderate agreement
o 0.61 to 0.8 = substantia
o 0.81t0 1.00 = almostperfectagreement

¢ Internal consistency (Cronbach’s alpha)and test-retest reliability (= 0.7 is considered
acceptable)®?

¢ Validity,i.e., between-scale comparison (correlation coefficient, r):%3
o 0.3 orless =weak
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o 0.3 up to 0.5 = moderate
o morethan 0.5 = strong

Table 28: Summary of Outcome Measures and Their Measurement Properties

Outcome
measure

Conclusions about

measurement properties

Mayo score Disease-specific Validity: There waslimited evidence on the validity | Clinical response:
physician-measured forthe total Mayo score. Construct validity of the Reduction in total Mayo
score with parts: rectal Mayo endoscopic subscore was found to be score of = 3 points.
bleeding, stool strongly correlated with the total Mayo score
frequency, PGA, and (Spearman’srho =0.97), as well as two histologic Clinical remission:
endoscopy findings. indices (Pearson’sr = 0.55).% Total Mayo score of

< 2 points, with or without
Reliability and responsiveness: The endoscopic an individual subscore of
subscore was found to have moderate-to- >1.4
substantial agreementin the inter-rater reliability
estimates, as well as responsiveness of the
subscore to change over time with treatment. 47

IBDQ Disease-specific Likert- | Validity: There was limited evidence onthe validity | Absolute score change of
based questionnaire of the IBDQ in the UC population. > 30 points, or a score of
consisting of 32 items > 15 points above the
classified into four Reliability and responsiveness: The IBDQ was placebo score among
dimensions: bowel shown to be highlyreliable through evaluation of IBD patients.
symptoms, systemic internal consistency (Cronbach’s alpha 0.7) and
symptoms, emotional test-retest assessments (ICC 0.9 to 0.99 orr 20.8).
function, and social The IBDQ was also shown to be responsive to
function. The IBDQ can | changein IBD patients.*4
be administered by an
interviewer or self-
administered.

SF-36 Generic self-reported Validity: Construct validity was demonstrated >3 to 2 5 points in PCS,
questionnaire through strong moderate-to-strong correlations MCS, and individual
consisting of eight (r> 0.4) between the eight subscales of the SF-36 subscore.%
domains: physical and corresponding domains of five patient-reported
functioning, role clinical constructs. The scale showed evidence of
physical, bodily pain, discriminative validity.>!
general health, vitality,
social functioning, role o )
emotional, and mental Reliability and responsiveness: The SF-36 was
health. found to be reliable through internal consistency for

all eight subscales (Cronbach’s alpha >0.7) and
test-retest assessments for six of the eight
subscales (ICC > 0.7).5! The scale and its
subscores were found to be responsive to
treatment-related changes.5!

EQ-5D Generic preference- Validity: Stark et al. assessed the validity, Not found in UC patients.
based HRQoL reliability, and responsiveness of EQ-5D in a
instrumentconsisting of | German population of IBD patients (including UC). Among IBD patients:

a VAS and a composite VAS of 10.9 and index

index score of five Construct validity was supported by strong score of 0.05 for

dimensions: mobility, correlation of the scores with the CAI (Spearman improved health; VAS of

self-care, usual rank correlation, between 0.65 and 0.67). The CAI -14.4 and index score of

activities, score and VAS as well as all butone domainofthe | -0.067 for deteriorated
scale (self-care domain) showed discriminative health.
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Outcome

measure

Type

pain/discomfort, and
anxiety/depression.

Conclusions about
measurement properties

validity. Konig et al. also demonstrated strong
correlation between the EQ-5D VAS and index
scores and with the IBDQ total score (0.70 and
0.62, respectively), and a moderate-to-strong
correlation with the SF-36 subscores (0.37 to
0.72).%2

Reliability and responsiveness: Test-retest
reliability was generally high forthe index score
(0.67 £1CC £0.73), VAS (ICC = 0.93), and all five
items of the scale (0.67 < kappa < 1.00). Konig et
al. reported similar results (ICC of 0.89 forthe index
score, and 0.77 forthe VAS score).% Both the index
score and VAS were shown to be responsive to
detecting change in health status.>®

CADTH

MID

WPAI-GH

Self-rated disease-
specific questionnaire
consisting of six items
divided into four
domains: absenteeism,
presenteeism,
percentage of overall
work impairment, and
regular activities
impairment.

Validity: Convergentvalidity was demonstrated for
all WPAI domains between the SIBDQ bowel
symptoms (Spearman rank-order coefficient of
—-0.47 to —0.68) and SF-12v2 bodily pain (-0.52 to
—0.55) subscores, as well as between the WPAI
and measures of disease activity (median 0.45).%*
Known-group validity data demonstrated that
patients with worse health outcomes scored worse
on the WPAI than patients with better health
outcomes, based on partial Mayo, SCCAI, UC-DAI,
and FACIT-Fatigue disease severity measures.>*

Reliability and responsiveness: Test-retest
assessmentdemonstrated thatdifferencesin each
domainwere <5% over a 12-month period;
however, no ICC was reported for these data.> One
study demonstrated that patients with active UC
disease who achieved remission atweek 8 reported
a 25%to 30% decrease in presenteeism, OWI, and
activity impairment,and a 9% decrease in
absenteeism. Responsiveness of the WPAI
domainsto effective treatmentwas demonstrated
with an approximate 20% decreasein presenteeism,
OWI, and activity impairment,and an 8% decrease
in absenteeism.>*

Not found in UC patients;
however,a 7-point
change hasbeen
estimated in Crohn
disease.%®

CAI = Clinical Activity Index; EQ-5D = EuroQol 5-Dimensions; EQ-5D-5L = EuroQol 5-Dimensions 5-Levels; HRQoL = health-related quality of life; FACIT-Fatigue =
Functional Assessment of Chronic lliness Therapy — Fatigue scale; IBD = inflammatory bowel disease; IBDQ = Inflammatory Bowel Disease Questionnaire; ICC =
intraclass correlation; MID = minimal important difference; SF-12v2 = Short Form (12) Health Survey, version 2; SF-36 = Short Form (36) Health Survey; OWI = overall
work impairment; PGA = Physician’s Global Assessment; SCCAI = Simple Clinical Colitis Activity Index; SIBDQ = Short Inflammatory Bowel Disease Questionnaire;
VAS = Visual Analogue Scale; WPAI-GH = Work Productivity and Activity Impairment Questionnaire — General Health; UC = ulcerative colitis; UC-DAI =UC Disease

Activity Index.

Mayo Score

The Mayo scoring system is a combined endoscopic and clinical scale used to assess the
severity of UC. It was firstdeveloped by Dr. Schroederin 1987 and is now one of the most
commonly used disease activity indicesin UC.*"% In its complete form, the Mayo score is
composed of four components: rectal bleeding, stool frequency, Physician’s Global
Assessment (PGA), and endoscopy findings. Each partis rated from O to 3, yielding a total
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score of 0 to 12. A score of 3 to 5 points indicates mildly active disease, while a score of 6
to 10 pointsindicates moderately active disease, and a score of 11 to 12 pointsindicates
severe disease. Two abridged versions have been developed and validated: the partial
Mayo score that excludesthe endoscopy subscore, and the non-invasive six-pointscore
comprising only the bleeding and stool frequency subscores.* Mucosal healing has been
defined as a Mayo endoscopic subscore of 0 or 1 in major trials of biological therapiesin
UC. The grading of each componentis defined in Table 29.

Table 29: Components and Grading of the Mayo Score in Ulcerative Colitis

Component
Stool frequency

| Grading

0 =Normal

1=1to 2 stools per day more than normal

2 =3 to 4 stools per day more than normal

3 = More than 4 stools per day more than normal

Rectal bleeding

0 =None

1 = Visible blood with stool less than half the time
2 = Visible blood with stool half of the time or more
3 = Passing blood alone

Mucosal appearance atendoscopy?

0 = Normal orinactive disease

1 = Mild disease (erythema, decreased vascular pattern, mild friability)

2 = Moderate disease (marked erythema, absentvascular pattern, friability, erosions)
3 = Severe disease (spontaneous bleeding, ulceration)

Physician rating of disease activity

0 =Normal

1 = Mild

2 = Moderate
3 = Severe

2The mucosal appearance at endoscopy score is not included in the partial Mayo score.

Validity

A recent Cochrane systematic review by Mohammed etal. assessed the validity, reliability,
and responsiveness of endoscopic-scoring incidences for evaluation of disease activity in
UC, which included six of 20 studies evaluating the Mayo score.* None of the included
studies assessed content validity.** Construct validity of the Mayo endoscopic subscore
was reported in two studies with UC patients, and a strong correlation was found between
the endoscopic subscore and two histologic indices (the Riley score and Rubin histologic
score, r 2 0.55 forboth). However, the endoscopic subscore was shown to fail in
discriminating between patients who achieved remission and response compared with
those who did not.** Dhanda etal. also demonstrated a strong correlation between the
partial and total Mayo scores (rho 20.97 at weeks 4 and 8).57

Reliability and Responsiveness

The endoscopic subscore was evaluated for reliability and responsivenessin a placebo-
controlled trial designed to assess change in UC disease activity with mesalamine
treatment.* The authors reported excellentinter-and intra-observer reliability (intraclass
correlation [ICC] 0.79 and 0.89, respectively) as well as responsiveness of the subscore to
change overtime with treatment.*> Mohammed etal. reported a moderate-to-substantial
agreementin the inter-rater reliability estimates (range 0.45to 0.75) and a substantial
agreementin the intra-rater reliability estimates (0.75) for the endoscopic subscore.*
Another study by Walsh et al. evaluated the comparative inter-rater variation for three UC
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disease-activity indices, including the Mayo score.* The inter-rater agreementfor the total
Mayo score was high (kappa = 0.72); however, the agreementwas lower for the relatively
subjective PGA and endoscopic subscores (kappa =0.56 and 0.38, respectively). The
Mayo score has been demonstrated to correlate with patientassessmentof changein UC
activity,*” as well as to correlate with improvementin quality-of-life measures.>®

Minimal Clinically Important Difference

Lewis et al. reported that a reduction of at least 3.5 pointsin the total Mayo score reflected
an optimum cutpointfor clinicalimprovementor response (based on sensitivity, specificity,
and area underthe curve [AUC]) in UC, using patient's rating of the improvementas an
anchor.#” The optimum cutpointfor clinical remission varies; Lewis etal. reported a cut
pointof 4.5 (based on sensitivity, specificity,and AUC), although other cut pointsranging
from a Mayo score of 0.6 to 2 or less were reported in clinical trials.#” The FDA defines
clinical remissionin relation to the Mayo score as a total score of 2 or less with no individual
subscore greatthan 1, a rectal bleeding subscore of 0, a stool frequency subscore of 0 (a

< 1 pointdecrease in the stool frequency subscore from baseline and achieving a score of 1
is considered), and a Mayo endoscopy subscore of 0 or 1. Clinical response isdefined asa
reduction in total Mayo score of 30% or more and a decrease of 3 points or more from
baseline, with a rectal bleeding subscore of less than 1.25.

Limitations

Although the Mayo score is a widely recognized UC activity index and is accepted by
Canadian and American regulatory bodies, itmay not be optimal. Cooney etal. argued that
two components of the Mayo score — the PGA and the endoscopy subscore — are
subjective and introduce variability and lack of precision into the index. The PGA also
includes a sigmoidoscopy score, which introduces double counts of some elements. %
Additionally, a single general item inthe PGA is not sensitive enough to adequately capture
benefitsin all or some of the importantsigns and symptoms. As a result, the FDA does not
recommend the PGA subscore or the full Mayo score as end pointmeasures to supporta
marketing decision; however, itdoes recommend the endoscopy, stool frequency, and
rectal bleeding subscores as end pointmeasures for clinical trials until the availability of
well-defined and reliable end points.®

Inflammatory Bowel Disease Questionnaire

Developed by Guyatt et al., the IBDQ is an interviewer- or self-administered questionnaire
to assess HRQoL in patients with IBD.6%82 |t is a 32-item Likert-based questionnaire divided
into fourdimensions: bowel symptoms (10 items), systemic symptoms (five items),
emotional function (12 items), and social function (five items). Patients are asked to recall
symptoms and quality of life from the last two weeks with response graded on a seven-point
Likert scale (1 being the worst situation, 7 being the best) with the total IBDQ score ranging
from 32to 224 (i.e., higher scores representing better quality of life). A total IBDQ score of
atleast 170 points or higheris considered clinical remission. This questionnaire has been
validated in a variety of settings, countries, and languages, and is availableina 9-, 10-, and
36-item form .8

Validity

Two systematic reviews published in the last three years reported the measurement
properties and methodological quality of a number of IBD -specific HRQoL instruments,
including the IBDQ.*4° Overall, the IBDQ was proven to be a valid, reliable, and responsive
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scale; however, the methodological quality was poorto fair for some of these measurement
properties. The IBDQ demonstrated contentvalidity, as it was developed through patient
interviews and covered the most frequentand importantitems. Results from factor analysis
showed the items/domains of the scale explained atleast 50% of the variance. The scale
showed strong correlation with the Crohn’s Disease Activity Index (r = —0.67), proving
convergentvalidity. In addition, criterion validity was proven, as there was similar
correlation with changesin IBDQ and other measures. The scale showed lower
discriminantvalidity, particularly in patients who required surgery.*4°

Reliability and Responsiveness

The reliability parameters showed high internal consistency (Cronbach’s alpha 0.7), test-
retest reliability (ICC, 0.9 to 0.99 or Pearson’sr = 0.8), and low measurementerror (i.e ., the
standard deviations of the score changes were of similar magnitude and the smallest
detectable change was less than the MCID). Responsiveness was satisfactory, as the scale
was sensitive to change corresponding to clinical improvementor deterioration. Floor and
ceiling effectswere notfound, as less than 15% of the respondents achieved the highestor
lowestpossible score.*:4°

Minimal Clinically Important Difference

Irvine et al. reported that a change of 30 or more points in actual score or an improvement
of 15 or more points above the placebo score is associated with clinical benefitsin IBD
patients, including those with UC.% Several other studies have reported an increase of 15
to 32 points from baseline as clinically meaningful improvement. 5

Short Form (36) Health Survey

The SF-36 is a generic self-reported health assessmentquestionnaire thathas been used
in clinical trials to study the impactof chronic disease on HRQoL. The original version (SF-
36vl)was releasedin 1992; however, a revised version (SF-36v2), released in 1996, is
used more commonly. The SF-36 consists of eightdomains: physical functioning, role
limitations due to physical health problems, bodily pain, general health, vitality, social
functioning, role limitations due to emotional health problems, and mental health. The SF-
36 also providestwo componentsummaries:the PCS and the Mental Component
Summary (MCS), which are scores created by aggregating the eightdomains. The SF-36
PCS and MCS and individual domains are each measured on a scale of 0 to 100, with an
increase in score indicating improvementin health status.®

Validity

A recently published systematic review assessed the construct validity, reliability, and
responsiveness of the SF-36v2 among UC patients.! Construct validity was demonstrated
by more than two dozen studies in which the correlations between the eightsubscales of
SF-36 and corresponding domains of five patient-reported clinical constructs (the IBDQ,
IBD Quality of Life Questionnaire, Brief Pain Inventory, Short Health Scale, and Rating
Form of IBD Patient Concerns)were found to be in the same hypothesized direction and of
moderate-to-high strength (r > 0.4) overall. The scale showed evidence of discriminative
validity, as there were clinically meaningful differences in most SF-36 subscores between
subgroups of patients classified by disease activity, symptom status, and comorbidity
status.
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Reliability and Responsiveness

Yarlas et al. found one study that evaluated the reliability of the SF-36, and found evidence
supporting internal consistency for all eight subscales (Cronbach’s alpha >0.7) and high
test-retest reliability for six of the eight subscales (ICC > 0.7). The role physical and role
emotional subscales had alowerICC of 0.64 and 0.63, respectively; the authors indicated
high floor and ceiling effectas a possible reason for this.5! The scale and its subscores
were found to be responsive to treatment-related changes, as evidenced by clinically
meaningful changesin most SF-36 subscores over time following effective treatmentin
non-comparative trials oramong treated patients relative to controlsin RCTs.5!

Minimal Clinically Important Difference

For both the PCS and MCS as well as the individual subscale scoresin the SF-36, an
absolute score increase of 3 to 5 pointswas shown to capture MCIDs in various conditions,
including colitis.®

EuroQol 5-Dimensions 3-Levels

The EQ-5D-3L is a generic, preference-based, HRQoL measure consisting of descriptive
questionsand a VAS.% The EQ-5D-3L has been applied to a wide range of health
conditions and treatments, including IBD.%5¢” The descriptive questions comprise five
dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.
Each dimensionisdivided into three levels (1, 2, 3) representing “no problems,” “some
problems,” and “extreme problems,” respectively. Respondents (aged = 12 years) are asked
to choose one level thatreflects their own health state for each of the five dimensions. The
five questions are scored and together contribute to an EQ-5D index (utility) score between
0 and 1, where O represents death, and 1 represents perfecthealth. Differentutility
functions are available thatreflectthe preferences of specific populations (e.g ., US, UK).
The second part of the tool records the patient’s self-rated health on a 20 cm scale with
end points 0 and 100, with respective anchors of “the worst health you can imagine” and
“the best health you canimagine,” respectively.

Validity

Stark et al. assessed the validity, reliability, and responsiveness of the EQ-5D in a German
population of IBD patients (including those with UC).5 Respondents completed the EQ-5D
twice, four weeks apart. At the four-week follow-up, patients were asked in a transition
guestion to report whether their health status was better, worse, or the same. Construct
validity was evaluated in two methods: assessing the correlation between the EQ-5D index
and VAS scores with disease activity, and comparing responses between patients with
active disease versus those in remission.5 Construct validity of the EQ-5D index score and
VAS was supported by the strong correlation of these scores with the Clinical Activity Index
(Spearman rank correlation, r, between 0.65 and 0.67). The EQ-5D index score and VAS
as well as all but one domain of the scale (self-care) showed discriminative validity by
correctly differentiating patientsin remission and active disease. A smaller study, Konig et
al. (29 patients with UC; two-week recall period), also demonstrated strong correlation
betweenthe EQ-5D VAS and index scores with the IBDQ total score (0.70 and 0.62,
respectively), and moderate-to-strong correlation with the SF-36 subscores (0.37 to 0.72).%?
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Reliability and Responsiveness

Stark et al. assessed test-retest reliability by comparing baseline and follow-up
measurements of the EQ-5D in the subset of patients who indicated no change in HRQoL
in the transition question. Test-retest reliability was generally high for the index score

(0.67 =ICC =0.73), VAS (ICC 0f 0.93), and all five items of the scale (0.67 <kappa <1.00).
Konig et al. reported similar results (ICC of 0.89 for the index score and 0.77 for the VAS
score).5? Responsiveness (sensitivity to change) of the EQ-5D VAS scores and the index
scores was tested in patientsindicating a change in their health status in the transition
question with paired t-tests, effectsize, and standardized response mean.5Both the index
score and VAS were shown to be responsive to detecting change in health status; however,
the VAS was found to be more responsive for detecting deterioration in health than for
improvementin health and was more responsive than the index score.>

Minimal Clinically Important Difference

Stark et al. estimated a disease-specific MCID using a regression model; the MCIDs for
improved health were reported to be 10.9 forthe VAS, and 0.050 (European Union) and
0.076 (UK) for the index score.® This is within the range of other reported MCIDs for the
index score of 0.033to 0.074.%8

Work Productivity and Activity Impairment Questionnaire — General Health

The WPAI-GH is one of the mostfrequently used patient-reported, work-related outcome
measure.>8 The WPAI-GH measuresthe impactof health problems on absenteeism
(missing work), presenteeism (impaired productivity atwork), overall work performance
(combined absenteeism and presenteeism), and non-work activities (activity impairment).>*
It is a self-administered six-item questionnaire with a recall period of seven days.® Scores
from alldomains are expressed as percentages (0% to 100%) of impairment, with lower
valuesindicating lessimpairmentdue to the health problem.>The WPAI has been shown
to be reliable, valid, and responsive when used with patients across several disease areas,
including other gastrointestinal conditions such as irritable bowel syndrome,
gastroesophageal reflux disease, and Crohn disease.>

Validity

A recent systematic review by Yarlas et al. evaluated eightarticles and five posters
evaluating the psychometric validation of the WPAI in UC.% One study was found that
assessed convergentvalidity between the WPAI domains and other HRQoL measures,
including the Short Inflammatory Bowel Disease Questionnaire (SIBDQ) and the SF-12v2.%
The strongest evidence for convergentvalidity was reported between all WPAI domains
and the SIBDQ bowel symptoms (Spearman rank-order coefficient-0.47 to —0.68) and
SF-12v2 bodily pain (-0.52 to —0.55) subscores. With the exception of absenteeism, the
WPAI domains also converged with the SIBDQ social function,and SF-12v2 role physical
and role emotional subscores.> Convergentvalidity was also assessed between the WPAI
and measures of disease activity, specifically, the Simple Clinical Colitis Activity Index
(SCCAI), the UC Disease Activity Index (UC-DAI), and the partial Mayo score inthree
individual studies.> Inter-scale correlations between the WPAI domains and disease-
activity measuresranged from 0.32to0 0.85 (median 0.45). Across the three studies,
convergence with disease activity was supported for presenteeism, overall workimpairment
(OWI) and activity impairment(0.43to 0.60), although the median correlation for
absenteeism was notfar behind (0.39).%* Furthermore, a known-group validity assessment
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demonstrated that patients with worse health outcomes scored worse on the WPAI than
patients with better health outcomes, based on partial Mayo, SCCAI, UC-DAI, and the
Functional Assessmentof Chronic lliness Therapy — Fatigue scale (FACIT-Fatigue) disease
severity measures.>

Reliability and Responsiveness

Test-retest reliability of the WPAI domains was assessed in one study by Yarlas et al. in
2015 (N = 98) that compared scores at the start and end of an open-label maintenance-
treatmentperiod in patients whose remission status was unchanged (as determined by the
UC-DAI).%* The results demonstrated thatthe differencesin each domain were lessthan
5% overa 12-month period, with none of these differences exceeding the proposed MCID
of 7% for Crohn disease; however, no ICC was reported for this data.>* The ability of WPAI
domainsto detect changes was evaluated by assessing the magnitude of change in the
WPAI domains for patients demonstrating changes in disease states (i.e., change from
active disease to remission, or vice-versa) in one study by Yarlas et al.>* The study
demonstrated that patients with active UC disease who achieved remission at week 8
reported a 25% to 30% decrease in presenteeism, OWI, and activity impairment, and a 9%
decrease in absenteeism. The inverse was also found in patients with disease relapse.>
Responsiveness of the WPAI domainsto effective treatmentwas also demonstrated with
data from three RCTs investigating either multi-matrix mesalamine treatmentor
adalimumab in UC patients; results indicated that patients reported an approximate 20%
decrease in presenteeism, OWI and activity impairment,and an 8% decrease in
absenteeism.%

Minimal Clinically Important Difference

There is currently no MCID defined forthe WPAI in UC patients. However, the MCID
estimated for Crohn disease isa decrease of seven points.®
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