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About ICER

The Institute for Clinical and Economic Review (ICER) is an independent non-profit research
organization that evaluates medical evidence and convenes public deliberative bodies to help
stakeholders interpret and apply evidence to improve patient outcomes and control costs. Through
all its work, ICER seeks to help create a future in which collaborative efforts to move evidence into
action provide the foundation for a more effective, efficient, and just health care system. More
information about ICER is available at http://www.icer-review.org.

The funding for this report comes from government grants and non-profit foundations, with the
largest single funder being the Laura and John Arnold Foundation. No funding for this work comes
from health insurers, pharmacy benefit managers, or life science companies. ICER receives
approximately 19% of its overall revenue from these health industry organizations to run a separate
Policy Summit program, with funding approximately equally split between insurers/PBMs and life
science companies. Life science companies relevant to this review who participate in this program
include Genentech, Johnson & Johnson, and Merck. For a complete list of funders and for more
information on ICER's support, please visit http://www.icer-review.org/about/support/.

About CTAF

The California Technology Assessment Forum (CTAF) — a core program of ICER — provides a public
venue in which the evidence on the effectiveness and value of health care services can be discussed
with the input of all stakeholders. CTAF seeks to help patients, clinicians, insurers, and
policymakers interpret and use evidence to improve the quality and value of health care.

The CTAF Panel is an independent committee of medical evidence experts from across California,
with a mix of practicing clinicians, methodologists, and leaders in patient engagement and
advocacy. All Panel members meet strict conflict of interest guidelines and are convened to discuss
the evidence summarized in ICER reports and vote on the comparative clinical effectiveness and
value of medical interventions. More information about CTAF is available at https://icer-
review.org/programs/ctaf/.

The findings contained within this report are current as of the date of publication. Readers should be aware that
new evidence may emerge following the publication of this report that could potentially influence the results.
ICER may revisit its analyses in a formal update to this report in the future.

The economic models used in ICER reports are intended to compare the clinical outcomes, expected costs, and
cost effectiveness of different care pathways for broad groups of patients. Model results therefore represent
average findings across patients and should not be presumed to represent the clinical or cost outcomes for any
specific patient. In addition, data inputs to ICER models often come from clinical trials; patients in these trials and
provider prescribing patterns may differ in real-world practice settings.
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In the development of this report, ICER’s researchers consulted with several clinical experts, patients,
manufacturers, and other stakeholders. The following clinical expert provided input that helped
guide the ICER team as we shaped our scope and report. Dr. Siddharth Singh is not responsible for
the final contents of this report or should be assumed to support any part of this report, which is
solely the work of the ICER team and its affiliated researchers.

For a complete list of stakeholders from whom we requested input, please visit: https://icer-
review.org/material/ulcerative-colitis-stakeholder-list/.

Expert Reviewers

Siddharth Singh, MD
Assistant Professor of Medicine
University of California, San Diego Health

Dr. Siddharth Singh has received research grants from AbbVie, and consulting fees from AbbVie,
Takeda, Pfizer, AMAG Pharmaceuticals.

©Institute for Clinical and Economic Review, 2020 Page iii
Draft Evidence Report — Targeted Immune Modulators for UC


https://icer-review.org/material/ulcerative-colitis-stakeholder-list/
https://icer-review.org/material/ulcerative-colitis-stakeholder-list/

Table of Contents

I [ 4o o {3 Tor i o T o TOU O RUURRPSRTPRTN 1
0 = T =4 o 1U] o SR 1
1.2 SCOPE Of the ASSESSIMENT ....eeiiiee ettt e e e e e e e e e e e e e e e e e e e e snebbaeeeeeeeeennssssaeaeeas 3
1.3 D INITIONS ¢ttt ettt et e bt e st e e st e e bt e e s bt e e a bt e e bt e e e abe e e nabeeebteeeareeennes 6
1.4 Potential Cost-Saving Measures in Ulcerative Colitis ......ccuvvieereeiieiiiiiiieeee e, 9

2. P atiENt PEISPECTIVES. . e e eee et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaas 10
2.1 MEENOAS ...ttt ettt e s e et e s bt et e e a b e e bt e e s bt e e e abe e s bt e e sneeeeareean 10
2.2 IMPACE ON PaliENES e e e e e e e e e e e e e e e e e e e e e e ee s 11

3. Summary of Coverage Policies and Clinical GUIdElINES .......cccccveeiieiiieeiecee e 16
N O 1T =Y 2o ol 1TSS 16
R I A 11 Y Tor= 1 W CTU T T 1] T 1= 19

4. Comparative Clinical EffECtiVENESS .....uvii i tee e e s rtee e e e e bae e e e ntae e e enes 24
B. 1 OVEIVIBW ..eeeiiiiieeieiiteeeeettee e ettt e s ettt e e sttt e e s ar et e e e e b et e e s e nbe e e e e aabaeeesannaneesaasseeeeeanneeeesannaeeesanneneenan 24
4.2 IMEENOUS ...ttt ettt e et e e bt e e s b et e e bt e e bt e e s be e e eabeeebteesabeeennrs 24
B3 RESUILS ...ttt ettt ettt e sttt e a e e bt e e st e e sab e e e bt e e e a bt e e bt e e s bt e e e a bt e e bbe e s beeeeabeeebteeeabeeeanres 27
4.4 SUMMArY anNd COMMEBNT ..eeieiiiiiecciiiteee e e ettt e e e e e e e eet e e e e e e e e e e aasbaeeeeeeeeeensssasaeeeeeseesnsssresees 63

5. LoNG-Term Cost EffECtiVENESS .....uviiieeii ettt e e e e e e e e e e e e e e e e abasaeeeeeeeeeennnnns 67
5.0 OVEIVIEW .ttt ettt e e e s e et e e e e s e s s n s b e et e e e e e e e s nnsbteeeeeeessannrrrneeeeesannan 67
LI A (V11 o Voo TSP 67
LT I S (=T U | O 84
5.4 SUMMArY and COMMENT ...cc.uviiieieiiieececiiee et e e ecttee e e e stee e e s saree e e e ebteeesesteeeeenstaeeessnseneessnssneenan 100

6. Potential Other Benefits and Contextual Considerations........c.ccceeveeeeiiiiniieincieeceeeeeeee e 102
6.1 Potential Other BENEFIS .......c.eiiiiiiiieie ettt ettt e s b e sabe e 103
6.2 Contextual CoNSIAEIatioNS . ......cocuiiriuiieriie ettt ettt e st e e st esateesbeeesareeeans 104

7. Health-Benefit Price BENChMArKs .........ooouiiiiiiee et 105

8. Potential BUAZET IMPACE ..ccciiieeeeee et e e e e e e e et r e e e e e e e e eenrabaaeeeeeseens 106
8.1 OVEIVIEW ettt ettt ettt e ettt ettt e e sttt e s et e e s e b bt e e e s mbe e e e s aaneeeesaaseeeesenraeeesanreneesanneneenan 106
8.2 IMIBENOMS ...ttt et s e et e et e s bt e et e e ate e e bt e e eabeeeenteeenteenneeenns 106
8.3 RESUIES ..ttt ettt et e ettt e et e e st e e s ate e e ate e e bt e e e abeeeanteeebeeeeabeeeanteeenteenreeenns 107

©Institute for Clinical and Economic Review, 2020 Page iv

Draft Evidence Report — Targeted Immune Modulators for UC



B SUMIMIAIY ceuiieeiieeiiiiiiee e ee ettt e e e e e e et ettt e e s e e eeeeaattb s eeeeeeeaasssassseeeeeansssassssseeeeensssssnnnseeseeseeeees 109

RETEIEINCES ...ttt ettt et e bt e sttt e s ab e s bt e e s bt e e eabe e e bt e e sabeeesnbeesabbeesabeeenees 110
Appendix A. Search Strategies and RESUILS...........ueeiiiiieeciiiiiee e e e e e e 121
Appendix B. Previous Systematic Reviews and Technology AssessSments ........ccecceeeveeercieesieeeennenn. 126
ApPendiX C. ONGOING STUAIES ..eeiiuiieiiieeeiie ettt ettt ettt e et te e s rate e st e e sateeebaeessbeesssteesseeennseesn 132
Appendix D. Comparative Clinical Effectiveness Supplemental Information.........cccecceevvieiniiennnenn. 138
Appendix E. Comparative Value Supplemental Information..........cccoeoeeniiiiniiinieeeeeee 180
Appendix F. Network Meta-Analysis Supplemental Information.........cccoeeiieriiiniiiniecreeeeee, 192
©Institute for Clinical and Economic Review, 2020 Page v

Draft Evidence Report — Targeted Immune Modulators for UC



List of Acronyms Used in this Report

ACG American College of Gastroenterology

AE Adverse event

AHRQ Agency for Healthcare Research and Quality

BCBS Blue Cross Blue Shield

cl Confidence interval

CMS Centers for Medicare and Medicaid Services

EIM Extraintestinal manifestation

evLYG Equal value of life-years gained

FDA United States Food and Drug Administration

GDP Gross domestic product

HBPB Health-benefit price benchmark

HCSC Health Care Service Corporation

HCUP Healthcare Cost and Utilization Project

HR Hazard ratio

IBD Inflammatory bowel disease

IBDQ Inflammatory Bowel Disease Questionnaire

ICER Institute for Clinical and Economic Review

Y, Intravenous

LCD Local Coverage Determination

LY Life year

NCD National Coverage Determination

NICE National Institute for Health and Care Excellence

NIS National Inpatient Sample

NMA Network meta-analysis

OPUS Observational Post-Marketing Ulcerative Colitis Study
PCE Personal consumption expenditure

PICOTS Population, Intervention, Comparator, Outcome, Timing, Setting
PHC Personal health care

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PUCAI Pediatric Ulcerative Colitis Activity Index

QALY Quality-adjusted life year

RCT Randomized controlled trial

SF-36 Short Form Health Survey

SPEC Specialty Drug Evidence and Coverage

TIM Targeted immune modulator

TNF Tumor necrosis factor

uc Ulcerative colitis

UHC UnitedHealthcare

us United States

USPSTF United States Preventive Services Task Force

WAC Wholesale acquisition cost

WPAI Work Productivity and Activity Impairment Questionnaire
WTP Willingness to pay

©Institute for Clinical and Economic Review, 2020 Page vi

Draft Evidence Report — Targeted Immune Modulators for UC



1. Introduction

1.1 Background

Background

Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) that affects the mucosa, the
innermost lining of the intestinal wall in the large bowel (i.e., the colon and rectum).! The disease
causes long-lasting inflammation and ulcers in the digestive tract and is typically marked by periods
of remission and recurrence of symptoms. Symptoms may include frequent diarrhea, sometimes
with blood or pus, abdominal and/or rectal pain, weight loss, and fatigue.? A number of
extraintestinal manifestations (EIMs) have also been associated with UC, including musculoskeletal,
ocular, dermatologic, hepatobiliary, and psychological effects.®> When the disease affects children,
it can have a detrimental impact on growth, nutritional status, and psychosocial development.* It is
estimated that approximately 900,000 individuals in the United States (US) have UC.> Most
individuals are diagnosed between the ages of 15 and 35. The economic burden of UC is
significant, ranging between an estimated $15-32 billion per year.®

UC is diagnosed based on the presence of symptoms with confirmation of disease via colonoscopy
and biopsy. Other disease processes that may cause similar symptoms, such as infection and
cancer, should be excluded.” UC is typically distinguished from Crohn’s disease, another form of
IBD, based on diffuse inflammation rather than the focal or patchy patterns typical of Crohn’s, and
confining of the disease to the colon (i.e., the large intestine), while Crohn’s can also affect the
small intestine, and particularly the terminal ileum, and often spares the rectum.® In a number of
cases, differential diagnosis is difficult, and 5-15% of patients may be diagnosed as “IBD
unclassified.”?

Management

The management of UC in adults is dependent on the severity of symptoms. The goal of treatment
is to induce a clinical response to treatment (as evidenced by reduction of the disease’s key
symptoms) or effect a complete remission of the symptoms during a short-term (six to 14 weeks)
“induction” phase of treatment, and maintain response or remission via long-term “maintenance”
therapy, often at a lower dose. Colectomy (surgical removal of the colon) may be considered in
patients whose disease does not respond to maximal medical management. Symptoms of interest
and overall disease status are typically defined using the Mayo Score, a combined clinical and
endoscopic tool, and include stool frequency, rectal bleeding, mucosal status, and the physician’s
global impression. The tool documents clinical response to treatment (significant improvement
from baseline), remission (low total score and individual sub-scores), and endoscopic improvement
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(low mucosa sub-score).® In patients with mild disease, local or topical use of aminosalicylates may
induce and maintain remission. Once symptoms become moderate-to-severe, however, the use of
oral or ileal/colonic preparations of budesonide as well as systemic corticosteroids is typically
warranted.’

Those whose disease does not respond to or recurs despite systemic therapy are candidates for a
number of targeted immune modulators (TIMs) to induce and/or maintain remission. These agents
affect a number of different targets on the inflammatory cascade associated with UC and are
summarized in Table 1.1 below. TIMs may be used alone or in combination with other systemic
immunomodulators, such as azathioprine, to prevent relapse.’

Table 1.1. TIMs for the Treatment of UC

Estimated
Treatment Brand Name
--M“ Annual Costt

TNF Inhibitors

L 160 mg on day 1, then 80 mg 2 weeks later,
Injection $43,698.85
then 40 mg EOW
. . . 200 mg at week 0, 100 mg at week 2, then
Simponi® Injection $40,509.22
100 mg EOW
Infusion 5 mg/kg at 0, 2, and 6 weeks, then q8w $10,613.45
JAK Inhibitor
Xeljanz® Oral 10 mg BID for 8 weeks, then 5 mg BID $33,847.65
IL-12/23 Inhibitor
. Weight-based IV dose (<55 kg: 260 mg, 55
Infusion and

Stelara® L to 85 kg: 390 mg; >85 kg: 520 mg) before $87,329.71
injection

Adalimumab Humira®

Remicade®

administering 90 mg at week 8, then q8w
a4B7 Integrin Inhibitor
Entyvio® Infusion 300 mg at 0, 2, and 6 weeks, then q8w $34,441.62
BID: twice daily, EOW: every other week, IL: interleukin, IV: intravenous, JAK: Janus kinase, kg: kilogram, mg:

milligram, q8w: every 8 weeks, TNF: tumor necrosis factor
*Including biosimilars infliximab-dyyb (Inflectra®, Pfizer) and infliximab-abda (Renflexis®, Merck).
TEstimated based on average net price to payers per maintenance year (obtained from SSR Health, LLC).

As shown in the above table, available TIMs differ substantially in terms of how treatment is
delivered, dosing levels and their frequency, and their estimated annual cost. A subcutaneous
injectable form of vedolizumab was under review by the US Food and Drug Administration (FDA)
when this review began; however, on December 20, 2019, the manufacturer announced receipt of a
complete response letter from the FDA denying the application, with no details given on whether
and how the FDA’s concerns will be addressed.*®
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1.2 Scope of the Assessment

The scope for this assessment is described on the following pages using the PICOTS (Population,
Intervention, Comparators, Outcomes, Timing, and Settings) framework. Evidence was abstracted
from randomized controlled trials (RCTs) (see “Data Extraction and Quality Assessment” in Section
4); high-quality comparative cohort studies were also included, particularly for long-term outcomes
and uncommon adverse events. Our evidence review included input from patient advocacy
organizations, data from regulatory documents, information submitted by manufacturers, and
other grey literature when the evidence met ICER standards (for more information, see https://icer-
review.org/methodology/icers-methods/icer-value-assessment-framework-2/grey-literature-

policy/).

All relevant evidence was synthesized qualitatively or quantitatively. Wherever possible, we sought
head-to-head studies of the interventions and comparators of interest. We also combined direct
and indirect evidence in network meta-analyses (NMAs) of selected outcomes where data
permitted. Based on counsel from patient advocacy groups, clinical experts, and manufacturers,
most comparisons are stratified by experience with biologic therapy (i.e., naive vs. experienced) as
well as phase of treatment (i.e., induction of response or remission vs. maintenance following
response/remission). Full details regarding the literature search, screening strategy, data
extraction, and evidence synthesis are provided in a research protocol published on the Open
Science Framework website (https://osf.io/cwyn5/).

Analytic Framework

The analytic framework for this assessment is depicted in Figure 1.1 on the following page.

©Institute for Clinical and Economic Review, 2020 Page 3
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents



https://icer-review.org/methodology/icers-methods/icer-value-assessment-framework-2/grey-literature-policy/
https://icer-review.org/methodology/icers-methods/icer-value-assessment-framework-2/grey-literature-policy/
https://icer-review.org/methodology/icers-methods/icer-value-assessment-framework-2/grey-literature-policy/
https://osf.io/cwyn5/

Figure 1.1. Analytic Framework

Interventions

Adalimumab
Golimumab
Infliximab
Inflicimab-dyyb
Infliximab-abda

Tefacitinib
Ustekinumals Intermediate Outcomes:
Vedolizumal - - ¢ Health-related quality of life
+  Clinical remission
chrcal resnonge. [ ¢ Workfschool productivity
Mss Bl ¢ Other patient-reported outcomes

Endo::copw |rnpr_ . et +  UC-related hospitalization
Steroid-free remission
+  Mortality

Key Measures of Clinical Benefit:

+ % & * 3 B 8

Population

Patients with moderate-
to-severe ulcerative colitis

AE: adverse event, SAE: serious adverse event, TEAE: treatment-emergent adverse event, UC: ulcerative colitis

The diagram above begins with the population of interest on the left. Actions, such as treatment,
are depicted with solid arrows, which link the population to outcomes. For example, a treatment
may be associated with specific clinical or health outcomes. Outcomes are listed in the shaded
boxes: those within the rounded boxes are intermediate outcomes (e.g., clinical remission), and
those within the squared-off boxes are key measures of clinical benefit (e.g., health-related quality
of life). The key measures of clinical benefit are linked to intermediate outcomes via a dashed line,
as the relationship between these two types of outcomes may not always be validated. Curved
arrows lead to the adverse events of an action (typically treatment), which are listed within the blue
ellipse.

Populations

The population of focus for the review was adults with moderate-to-severe UC, whose disease has
either inadequate response or intolerance to conventional therapy, such as systemic
corticosteroids, azathioprine, or mercaptopurine. While controlled comparative data were
extremely limited in children (ages six to 17), we nevertheless summarized the available
information. Additionally, as noted above, given that outcomes may differ according to prior use of
biologic therapy as well as whether TIM use is intended for induction or maintenance, we stratified
our comparisons according to these factors in both the synthesis of available evidence as well as the
economic evaluation.
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Other subgroups of interest included age (e.g., 265), presence of EIMs (e.g., arthritic symptoms,
psychological effects), and other key comorbidities.

Interventions

The interventions of interest developed with input from clinicians and patient organizations
included:

e Adalimumab (Humira, AbbVie)

e Golimumab (Simponi, Janssen)

e Infliximab (Remicade, Janssen)

o Infliximab-dyyb (Inflectra, Pfizer)

e Infliximab-abda (Renflexis, Merck)

e Tofacitinib (Xeljanz, Pfizer)

e Ustekinumab (Stelara, Janssen)

e Vedolizumab (Entyvio, Takeda), intravenous (IV) formulation

We included all FDA-approved biosimilars of originator products that are currently available on the
US market. Importantly, our focus was on patient-centric data for UC only in comparisons of
biosimilars to originator products; information limited to pharmacodynamics, pharmacokinetics, or
other laboratory parameters was not considered. We did not include other FDA-approved
biosimilars (e.g., biosimilars for adalimumab) as their entry to the US marketplace has been
substantially delayed due to patent litigation.

Comparators

Based on data availability, we compared the interventions of interest to ongoing background
conventional therapy (i.e., placebo arms of clinical trials) and to each other.

Outcomes

The following outcomes of interest were evaluated:

Efficacy

e (Clinical remission

e C(Clinical response

e Endoscopic improvement (often referred to as “mucosal healing”)
e Steroid-free remission

e Health-related quality of life

e Work/school productivity
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e Other patient-reported outcomes

e Use of rescue medication

e UC-related hospitalization

e Surgery
e Mortality
Safety

e Serious adverse events

e Adverse events leading to discontinuation

e Treatment-emergent adverse events

(0}

©O OO0 O O 0O 0O o0 0 o

Timing

Evidence on intervention efficacy, safety, and effectiveness was collected from studies testing
treatments with at least six weeks’ exposure duration.

Settings

Evidence from all relevant settings was considered, with a focus on outpatient settings as well as

Infections
Headache

Nausea

Fatigue

Pain

Pharyngitis
Respiratory
Autoimmune
Demyelinating disease
Malignancy
Injection reactions

Development of neutralizing antibodies

ambulatory and hospital-based settings.

1.3 Definitions

Clinical Outcome Measures

Outcomes of clinical trials of UC commonly include clinical response, clinical remission, and

endoscopic improvement.
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Clinical response is defined as a reduction of greater than or equal to 3 points and greater than or
equal to 30% from the baseline in total Mayo Score (see definition below) along with a decrease in
the rectal bleeding sub-score of greater than or equal to 1 point or an absolute rectal bleeding sub-
score of less than or equal to 1 point.

Clinical remission is defined as a Mayo Score of less than or equal to 2 with no individual sub-score
greater than 1.

Endoscopic improvement is defined as a Mayo endoscopic sub-score of 0 or 1.

Corticosteroid-free remission is defined as clinical remission in patients using oral corticosteroids at
baseline who have discontinued corticosteroids and are in clinical remission at the end of the study.

Delayed response in clinical trials has been defined as clinical response and remission (via partial
Mayo Score) achieved by the non-responders to induction therapy.

Mayo Score

The Mayo Score is a disease activity index developed for assessing the severity of UC. It comprises
four sub-scores of 3 points each (stool frequency, rectal bleeding score, mucosal appearance at
endoscopy, and physical global assessment). The higher the score (maximum 12 points), the
severer the UC. A Mayo Score between 6 and 12 classifies the disease as moderate-to-severe.

Pediatric Ulcerative Colitis Activity Index

The Pediatric Ulcerative Colitis Activity Index (PUCAI) is a disease activity index to assess the
severity of UCin children. It is comprised of six sub-scores: abdominal pain, rectal bleeding, stool
consistency of most stools, number of stools per 24 hours, nocturnal stools, and activity level. A
PUCAI score of 35-64 is classified as moderate and 65 and above is classified as severe.

Inflammatory Bowel Disease Questionnaire

The Inflammatory Bowel Disease Questionnaire (IBDQ) is a 32-item questionnaire the measures the
overall health-related quality of life in patients with IBD. Scores range from 32-224, with higher
scores indicating better health-related quality of life.!! Although there is no minimal clinically
important difference (MCID) established for patients with UC, the MCID for patients living with
Crohn’s disease is an improvement of at least 16 points. In addition, data have shown that patients
with Crohn’s in remission generally have an IBDQ score of at least 170 points.? Trials in patients
with UC have used the thresholds established in patients with Crohn’s disease to measure the rates
of meaningful improvements in IBDQ score.
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Short Form Health Survey

The 36-item short form survey (also known as SF-36)*2 is a generic self-reporting tool to assess
functional health and wellbeing. SF-36 consists of 36 questions aggregated across eight domains,
namely, physical problems and physical functioning, social functioning, bodily pain, mental health,
role limitations due to emotional problems, vitality, and general health perceptions. It captures
health-related quality of life with two components, a physical component summary (PCS) and
mental component summary (MCS), providing global metrics for physical and mental health,
respectively. SF-36 is scored from 0-100 and then using the mean scores (mean * standard
deviation [SD]) for the general US population (50£10), the norm-based summary component scores
are constructed. Higher summary scores indicate better quality of life. The SF-36 MCID thresholds
for clinically meaningful improvement for UC have not been established. However, based on the
sample of the general population and Crohn’s disease, the range of MCID estimates for the PCS and
MCS are between 1.6-8.7.14

Work Productivity and Activity Impairment Questionnaire

The Work Productivity and Activity Impairment Questionnaire (WPAI) is a six-item questionnaire
that collects information on both paid and unpaid work. It measures the impact of health problems
on absenteeism, presenteeism, and unpaid activity over the past seven days.'>® The WPAI has
been validated in several conditions, including IBD.'>%” The scoring on the WPAI ranges from 0%
(no impairment) to 100% (total loss of productivity), with a decrease in scores indicating
improvement, and lower scores signifying little impact of disease on work and activity.

EuroQol-5 Dimensions

EuroQol-5 Dimensions (EQ-5D) is a generic three- or five-level tool to assess health-related quality
of life.® EQ-5D is used to generate a health utility score that varies from 0 (death) to 1 (perfect
health). The tool also includes a visual analogue scale (EQ-5D VAS) that varies from 0-100 (worst to
best). The MCID for UC has not been established; however, EQ-5D VAS MCID estimates ranging
from 4.2-14.8 have been reported for Crohn’s disease.'*

Biosimilar

The FDA defines a biosimilar as “a biological product that is highly similar to and has no clinically
meaningful differences from an existing FDA-approved reference product.”*®
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1.4 Potential Cost-Saving Measures in Ulcerative Colitis

ICER includes in its reports information on wasteful or lower-value services in the same clinical area
that could be reduced or eliminated to create headroom in health care budgets for higher-value
innovative services (for more information, see https://icer-review.org/final-vaf-2017-2019/). These

services are ones that would not be directly affected by therapies for UC (e.g., reduced need for
surgical colectomy), as these services will be captured in the economic model. Rather, we seek
services used in the current management of UC beyond the potential offsets that arise from a new
intervention.

During stakeholder engagement and public comment periods, ICER encouraged all stakeholders to
suggest services (including treatments and mechanisms of care) currently used for patients with UC
that could be reduced, eliminated, or made more efficient. The Crohn’s and Colitis Foundation
described repeated use of steroid therapy to be of low value given its potential for serious adverse
effects. The Crohn’s and Colitis Foundation also mentioned insurance-mandated step therapy, in
which patients are required to try agents other than the one they or their clinician prefer, even if
the use of that medication is contraindicated. Clinical expert input indicated that continued use of
aminosalicylates in patients who have been failed by such therapy and escalated to use of TIMs is a
pervasive and low-value intervention. Finally, patients may prefer a particular route of
administration for therapy, and not taking this into account may reduce adherence to therapy. We
also note that a Canadian version of the Choosing Wisely campaign for IBD has published a list of
potential low-value services, including the use of steroids for maintenance of remission, prolonged
use of IV steroids in the absence of clinical response, and the use of abdominal CT in the acute
setting without suspicion of an IBD complication or non-IBD etiology.?°
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2. Patient Perspectives

2.1 Methods

From the beginning of this assessment, we sought input from patients, caregivers, and
representatives from patient advocacy organizations on the research design of this review (i.e., the
PICOTS framework; Population, Intervention, Comparators, Outcomes, Timing, and Setting). We
also sought insight on the patient experience of UC and its treatment, including benefits of
treatment that may not be described in the clinical literature, any broader potential other benefits
or disadvantages associated with treatments, and contextual considerations related to UC, the
details of which are reported in this section as well as in Section 6.

We received input on the patient and caregiver perspective from the national Crohn’s and Colitis
Foundation, which is both a patient advocacy organization and a major sponsor of IBD research.
The Crohn’s and Colitis Foundation is not responsible for the final content of ICER’s report, and it
should not be assumed that they support any part of the report, which is solely the work of the ICER
team and affiliated researchers.

The Crohn’s and Colitis Foundation provided input during the following contacts with ICER:

e Submission of a letter with both research considerations and patient/caregiver concerns
during the open input period

e Conference call discussion with ICER research team during the scoping period

e Submission of a letter reacting to the posted draft scoping document

e Participation in ICER’s preliminary model presentation, with both written and verbal
feedback provided.

Initial input received informed the selection of the PICOTS elements of the review. For example,
our focus on stratified results (e.g., biologic-naive vs. experienced) rather than on overall intent-to-
treat findings was informed in large part by a discussion of the heterogeneity of the patient
experience and outcomes in the Crohn’s and Colitis Foundation’s open input letter. The Crohn’s
and Colitis Foundation was also instrumental in highlighting specific impacts of UC and its treatment
on children and adolescents. During a conference call conducted prior to the posting of the draft
scope, participants noted that there is much interest in understanding the most appropriate
sequence of therapy for the moderate-to-severe patient, as unnecessary delays in effective
treatment could have catastrophic effects in terms of hospitalization and requirement for surgical
intervention. Many of these delays are felt to be caused by insurance-mandated step therapy, in
which patients are required to step through one or two biologic treatments before a therapy of
choice, even if they have previously been failed by treatments in the same class or have
contraindications to them. At the moment, however, there is little to no empiric data on
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appropriate sequencing to counteract these policies. The Crohn’s and Colitis Foundation also
highlighted the importance of EIMs in UC, which could include joint/arthritic symptoms, uveitis
(painful inflammation of the middle layer of eye tissue), and lung complications.

The Crohn’s and Colitis Foundation also responded to our draft scope with comments, and we
revised the scope in response to this feedback. Specifically, we added subgroups of particular
interest, including by age (in addition to pediatric patients, those ages 65 and older were felt to be
of interest), presence of EIMs, and other comorbidities. We also added steroid-free remission as an
outcome of interest and were advised to remove pain relief, given its inconsistent and variable
collection. Finally, we added demyelinating disease as an adverse event of interest.

We received feedback after the preliminary model presentation suggesting three modifications to
our planned approach:

e More than two switches between TIMs to better reflect clinical practice
e A scenario analysis in which infliximab is used in the second line after vedolizumab
o Allow the per-cycle rate of discontinuation to vary over time.

We considered these modifications, but we did not find empiric data with which to estimate them
for the base-case analysis. However, we did conduct scenario analyses to address them, including
a) evaluating the effect of shorter time horizons on model results, where two TIM switches would
represent a more realistic expectation; b) allowing a lower discontinuation rate after one year for
those remaining on therapy; and c) use of infliximab in the second line, assuming comparable
efficacy for infliximab to that observed in biologic-naive trials. We also reviewed a publication on
the direct health care costs of IBD that was sponsored by the Crohn’s and Colitis Foundation?! for
possible inclusion in the model, but opted to use an alternative source that stratified costs by the
presence of response and remission.

2.2 Impact on Patients

Several themes emerged from conversations and documents received. We have organized them
into multiple sections, including heterogeneity in disease presentation; the benefits and risks of UC
treatment; challenges of access to care; and gaps in current UC management.

Heterogeneity in Disease Presentation

As with many chronic diseases, the presentation of symptoms and disease course can vary
substantially among patients. In some, the disease course may reflect periods of active disease and
remission, while in others, the symptoms are persistent despite escalating medical therapy. A
minority of patients may present with a rapidly progressive form of the disease known as fulminant
colitis.
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UC may also manifest in different locations. In some patients, inflammation may be limited to the
rectum (“ulcerative proctitis”), while in others, it may extend from the rectum to the splenic fixture
(“left-sided colitis”), and still others may experience inflammation throughout the colon
(“pancolitis”). As noted previously, children as young as five years of age or less may develop UC,
with additional complications, such as growth failure and delayed puberty. In addition, there are
noted but currently poorly understood differences in how racial and ethnic minorities experience
UC. Those of Hispanic and Asian descent appear to present more commonly with the pancolonic
form of disease. However, despite an estimate of approximately 700,000 minority individuals
suffering from UC in the US, very little is known about the epidemiology and progression of disease
in these groups. The Crohn’s and Colitis Foundation is currently working with the US Centers for
Disease Control on a longitudinal study to address these populations.

The clinical differences in disease presentation by severity as well as patient characteristics have
profound impacts on those suffering with UC. Patients with long enough periods of remission may
be able to resume normal work, school, or leisure activity, while others with more progressive
disease require increasing levels of caregiver support. The presence of more severe disease among
certain racial and ethnic minorities can exacerbate disparities in access to appropriate care that
they may already experience generally.

Benefits and Risks of Ulcerative Colitis Treatment

Input from the Crohn’s and Colitis Foundation reiterated that, regardless of presentation or
symptoms, the goal of treatment for any UC patient should be sustained and durable steroid-free
remission, along with appropriate psychosocial support, normal health-related quality of life, and
prevention of morbidity, including hospitalization, surgery, and colorectal cancer. The Crohn’s and
Colitis Foundation recommends that patient-clinician conversations include preferences for certain
medications and/or routes of administration, ability to adhere to a medication regimen, the impact
of treatment on daily life, and the patient’s expected out-of-pocket costs associated with medical
and surgical treatment.

As with the disease itself, the Crohn’s and Colitis Foundation mentioned that response to treatment
is also heterogeneous. Treatments that are successful in some patients may not work for others,
and patients frequently report loss of response, development of intolerable side effects, and the
need to cycle off a medication. Patients may respond differently to the TNF inhibitors based on
drug composition (e.g., mouse- vs. human-derived, possibly as a result of greater potential
immunogenicity with the former) as well as clinical considerations (body mass index, disease
severity). Some patients do not clinically respond to TNF inhibitor therapy while others develop
immunogenicity to a specific agent; a switch outside of class may be indicated for the former, while
a switch in-class may be the best course of action for the latter. It is also possible that some
patients may do well on combination biologic therapy, although this has not been extensively
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studied. The overall lack of information and evidence in this area is frustrating to patients as it
potentially delays effective treatment, which may negatively impact various aspects of a patient’s
quality of life.

While all TIMs have side effects that patients must weigh when selecting treatment, the Crohn’s
and Colitis Foundation urged particular caution with regard to surgical intervention. We heard from
multiple stakeholders that patients view surgery as a last-resort option. Though colectomy may be
curative in some patients, there are long-term complications to consider, which may have
substantial and distressing implications for a patient’s quality of life and activities of daily living.
Further, because UC is an immune-mediated condition, even after surgery, patients may still
contend with devastating EIMs.

Up to 80% of patients report symptoms of pouchitis (inflammation of the lining of the pouch
created during a colectomy), and up to 20% of these individuals will develop refractory or rapidly
relapsing disease. Some patients receiving “J-pouch” surgery (creation of an internal pouch that
eliminates the need for an external ostomy) have been later diagnosed with Crohn’s disease in
other parts of their intestines. The invasiveness of the procedure in conjunction with the potential
for long-term complications is a significant source of fear and anxiety among patients living with UC.
At the same time, there is also apprehension toward biologic use and its potential effects, which
may further complicate how patients weigh these treatment options.

Access to Care Challenges

Several challenges with accessing appropriate care were noted by the Crohn’s and Colitis
Foundation. For one, requirements for complex treatment regimens may pose a challenge for
physicians and, consequently, patients. Primary care providers and gastroenterologists without
specific UC experience may not, for example, pursue inpatient treatment with cyclosporine for the
patient with acute severe UC, or may not appreciate the broader benefits of psychosocial and
dietary support for long-term care management.

The direct medical costs associated with managing UC are substantial. A recent analysis of the
Optum Research Database commissioned by the Crohn’s and Colitis Foundation found that annual
management costs associated with IBD were nearly $23,000, or threefold higher than among a
matched set of non-IBD controls.?! Importantly, estimates of average annual patient out-of-pocket
costs for these services and lost wages associated with UC were approximately $2,000 and $3,000,
which may pose a substantial burden for some.?! Costs are especially onerous for patients without
insurance or those who are unable to work due to their disease.

Finally, the Crohn’s and Colitis Foundation reiterated patient concerns regarding step therapy and
its various negative consequences. Patients are often undertreated if they are failed by multiple
biologics, and by the time they gain access to a treatment subject to numerous step therapy
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protocols, their disease may have progressed considerably, limiting the efficacy of the drug. The
Crohn’s and Colitis Foundation referenced vedolizumab to further illustrate this issue. Vedolizumab
is a gut-selective biologic agent that is recommended as a potential first-line treatment for both
induction and maintenance in UC but is often not covered by insurance until failure by other
treatment options. In some cases, patients must be failed by treatment with at least two TNF
inhibitors before vedolizumab is considered, despite clinical evidence that they do not respond to
this biologic class. These requirements are exacerbated in the pediatric population, where many
TIMs do not carry an FDA-approved indication for use in young patients. There is some evidence
that pediatric patients present more frequently with aggressive forms of UC, so time is of the
essence in providing effective treatment. Yet, many pediatric patients do not have access to the full
range of UC treatments due to such requirements. These delays may cause irreversible
impairments in growth and early requirements for surgical intervention, with its own set of
consequences.

Gaps in Current Ulcerative Colitis Management

Finally, the Crohn’s and Colitis Foundation noted major gaps in the current management of the
disease, manifested primarily in a lack of high-quality evidence. There is a lack of head-to-head
clinical trials of TIMs, for example, which limits the ability of patients and their families to make fully
informed decisions about their treatment goals and desires. It is a source of frustration for the
Crohn’s and Colitis Foundation, patients, and clinicians that the one large head-to-head trial that is
available—one that demonstrated vedolizumab’s superiority to adalimumab—has not resulted in
any appreciable change in insurer coverage policy. Moreover, there is a general need for more
comparative effectiveness research given the plethora of drug classes, mechanisms of action,
routes of administration, and safety profiles now available.

As mentioned previously, UC management is increasingly involving shared decision-making
between the patient and clinician. Evidence generated from Crohn’s and Colitis Foundation-
sponsored focus groups suggested room for improvement, as many patients reported that initial
therapy was prescribed without discussion or consultation.?? These same patients, however,
reported that they were able to bring their own research and preferences into discussions at
subsequent visits, suggesting that treatment should be highly individualized and integrated into a
shared decision-making process. That said, there are some clear factors that influence patient-
provider decisions, such as the presence of heart failure or a history of melanoma
(contraindications to TNF inhibitors)?? as well as expected time to clinical response.

It was also noted that patient participants in Crohn’s and Colitis Foundation-sponsored focus groups
voiced concern with UC symptoms not routinely collected in clinical trials, which tend to focus on
stool frequency and rectal bleeding. Beyond these, patients also reported concerns with pain and
fatigue, ability to concentrate, and fecal urgency. Further, patients also experience challenges with
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interpersonal relationships and educational and career goals due to the impact of the disease on
activities of daily living. Relatedly, patients often face difficulty when sharing the experience of UC
symptoms with friends, family, and colleagues, which may lead to feelings of isolation.

Finally, both the Crohn’s and Colitis Foundation and others have noted that management of pain
and its sequelae is a major challenge for patients with UC and Crohn’s disease. A recent cross-
sectional study of nearly 300 patients with IBD (~¥40% of whom had UC) found that 40% of
respondents met criteria for chronic pain and nearly 20% reported opioid use.?*> A number of
psychosocial factors were associated with greater pain severity, including depression, anxiety, and
reduced self-efficacy.
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3. Summary of Coverage Policies and Clinical

Guidelines

3.1 Coverage Policies

We reviewed the Tufts Medical Center Specialty Drug Evidence and Coverage (SPEC) Database for
US commercial health plan coverage policies for adalimumab, golimumab, infliximab, infliximab-
dyyb, infliximab-abda, tofacitinib, ustekinumab, and vedolizumab. Developed by the Center for
Evaluation of Value and Risk in Health, the SPEC database features data from more than 290
specialty drugs, more than 175 disease areas, and more than 25,000 decisions from 17 of the
largest US national and regional commercial payers: Aetna, Anthem, Blue Cross Blue Shield (BCBS)
of Florida (FL), Massachusetts (MA), Michigan (MI), North Carolina (NC), New Jersey (NJ), and
Tennessee (TN), CareFirst, Centene, Cigna, Emblem, Health Care Service Corporation (HCSC),
Highmark, Humana, Independence Blue Cross (IndepBC), and UnitedHealthcare (UHC).

We also searched for National or Local Coverage Determinations (NCDs or LCDs) from the Centers
for Medicare and Medicaid Services (CMS) and from the California Department of Health Care
Services. We located two NCDs that describe indications and limitations of coverage for fecal occult
blood tests (Record 190.34) and colorectal cancer screening (Record 210.3). In addition, we located
five LCDs pertaining to diagnostic and therapeutic colonoscopy (Record L34213), diagnostic
colonoscopy and sigmoidoscopy (Record L34614), and Prometheus IBD sgi Diagnostic® test
(L37299/L37539).24%

Table 3.1 on the following page summarizes the benefit designs for representative commercial
payers. We were unable to locate publicly available coverage policies for adalimumab from
BCBSNJ, BCBSTN, Emblem, or HCSB; for golimumab from BCBSNJ, BCBSTN, and Emblem; for
tofacitinib from BCBSNJ, BCBSTN, CareFirst, Emblem, HCSC, and Highmark; and for ustekinumab
from Aetna, BCBSFL, BCBSTN, CareFirst, Cigna, HCSC, IndepBC, and UHC due to its recent approval.
As a note, all therapies except ustekinumab are approved by the FDA as second-line treatments.
The TNF inhibitors are indicated as per the FDA label after inadequate response to conventional
therapy, vedolizumab is indicated as per the FDA label after failure by conventional therapy or a
TNF inhibitor, and tofacitinib is indicated as per the FDA label following an inadequate response to a
TNF inhibitor. Lastly, we do not report several percentages for tofacitinib because the FDA recently
changed the labeled indication, and most coverage policies have not yet been updated.
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Table 3.1. Benefit Design for Treating Moderate-to-Severe UC across Representative Commercial

Payers

Step Edits After
First-Line Therapy

o "
% of Plans Cﬁv:fr:Iaenzr‘iI:Iet:i‘a % of Plans with
Excluding Drug & . . 1 3+ Prescriber
from Coverage More Restrictive Restrictions
8¢ | than FDA Label

0% 83% 9% 8% 0%
e 0% 43% 43%  43% 14% 0%  21%
[ Infliximab |4 24% 71%  18%  11% 0% 18%
0% 59% 29%  47%  24% 0% 18%
0% 65% 24%  53%  18% 6%  18%

0% — = = = |- [

Vedolizumab 0% 41% 59% 17% 24% 0% 24%

Step Edits Imposed by Payer
1 [ 2 | 3
| Ustekinumab i3 100% 75% 13% 12%  38%

FDA: Food and Drug Administration, IL: interleukin, JAK: Janus kinase, TNF: tumor necrosis factor

Adalimumab

Twelve out of the 17 payers surveyed have publicly available coverage policies for adalimumab.
Only a quarter of payers list policies more restrictive than the FDA label. All plans surveyed require
a documented diagnosis of moderate-to-severe UC, and all payers list an age restriction consistent
with the FDA label (18 years of age or older). Out of all the drugs surveyed, plans overall have the
least number of step edits required for access to adalimumab after failure by conventional therapy
(83%). The most common step therapy requirement is a trial of multiple conventional therapies,
such as corticosteroids, aminosalicylates, and thiopurines.*°

Golimumab

Of the 17 commercial payers surveyed, 14 companies have publicly available coverage policies for
golimumab. All plans surveyed require a documented diagnosis of moderate-to-severe UC, and all
payers list an age restriction consistent with the FDA label (18 years of age or older). Compared to
the other TNF inhibitors (adalimumab and infliximab), more plans have coverage criteria that is
narrower than the FDA label (24-25% vs. 43%, respectively), and a larger number of plans
necessitate additional step edits following failure by conventional therapy. Several plans require a
trial with adalimumab or tofacitinib before accessing golimumab, while others require trials with
multiple conventional therapies.*
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Infliximab

All 17 payers surveyed have issued coverage policies for infliximab. As noted in the table above,
less than a quarter of payers have coverage policies that are more restrictive than the FDA label. All
plans surveyed require a documented diagnosis of moderate-to-severe UC. Because infliximab is
the only TIM approved in pediatric patients in addition to adults, most plans specify that the patient
must be six years of age or older to receive treatment. Similar to adalimumab, most patients are
able to access infliximab following failure by conventional treatment with no additional step edits,
but some payers require that patients try at least two conventional agents, such as corticosteroids,
aminosalicylates, and thiopurines.3°

Infliximab-dyyb and Infliximab-abda

Most commercial payers surveyed maintain differing coverage criteria for accessing infliximab
versus its biosimilars. Compared to infliximab, plans generally have much more restrictive coverage
conditions for the biosimilars. A larger set of plans require additional step edits (in contrast to the
FDA label) in order to access either infliximab-dyyb or infliximab-abda. Most commonly, plans
necessitate that patients undergo a trial with infliximab first. Only five of the 17 payers surveyed
have coverage policies equivalent to the labeled indication of infliximab-dyyb, and even fewer for
infliximab-abda. The most restrictive plan requires that patients seeking infliximab-abda are 1)
refractory to or require continuous immunosuppression with high-dose corticosteroids, 2)
inadequate responders to aminosalicylates, 3) inadequate responders to thiopurines, 4) inadequate
responders to infliximab and infliximab-dyyb, and 5) inadequate responders to additional preferred
alternatives, including vedolizumab, golimumab, or tofacitinib.3%3?

Tofacitinib

Eleven out of the 17 plans surveyed have issued coverage policies for tofacitinib, the only small-
molecule drug under review. As noted above, we do not report several percentages because the
labeled indication recently changed, and most plans have not yet updated their policies. Currently,
according to the FDA label, in order to access tofacitinib, patients must demonstrate an inadequate
response or intolerance to a TNF inhibitor. Previously, as indicated in the 2018 FDA label, patients
did not have to step through a TNF inhibitor to access tofacitinib.3%32

Ustekinumab

Ustekinumab was approved for the treatment of patients with moderate-to-severe UC in October
2019. Currently, ustekinumab is the only TIM with an FDA indication for first-line treatment (i.e.,
prior to conventional therapy). However, all plans surveyed list coverage criteria narrower than the
FDA label; 75% of plans surveyed, require that patients try and be failed by one treatment (either a
conventional agent or a TNF inhibitor) before utilizing ustekinumab. A small percentage of plans
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(12%) require three step edits; the most restrictive plan requires that patients demonstrate an
inadequate response or intolerance to at least two conventional agents and one preferred drug
(adalimumab) before accessing ustekinumab.3°

Vedolizumab

All 17 payers surveyed have issued coverage policies for vedolizumab. Of these, seven payers’
policies (41%) were more restrictive than the FDA label, while nine (53%) were equivalent or less
restrictive (one plan was mixed). All plans surveyed require a documented diagnosis of moderate-
to-severe UC, and all payers list an age restriction consistent with the FDA label (18 years of age or
older) except Anthem and BCBSFL, which permit off-label use in patients with moderate-to-severe
UC who are 26 years of age and 212 years of age, respectively. As evident in Table 3.1, 59% of plans
do not require additional step edits following failure by conventional therapy. Among plans with
step therapy protocols, most require that patients attempt trials with more than one conventional
therapy agent, such as corticosteroids, aminosalicylates, and thiopurines, before accessing
vedolizumab. The most restrictive policy states that patients must undergo trials with at least two

conventional therapy agents as well as a trial with adalimumab within the previous 130 days.3%33

3.2 Clinical Guidelines

Below, we review clinical guidelines pertaining to UC from the American Gastrological Association
(AGA), the American College of Gastroenterology (ACG), the Toronto Consensus, and the National
Institute for Health and Care Excellence (NICE). Though all four guidelines contain
recommendations for patients with mildly active and acute UC, the summaries below include
recommendations targeted only toward non-hospitalized, chronic patients with moderate-to-
severe UC.

American Gastrological Association Clinical Practice Guidelines on the
Management of Moderate-to-Severe Ulcerative Colitis (2020)3*

The AGA released its clinical practice guidelines for the treatment of moderate-to-severe UC in
January 2020. According to the AGA, “moderate-to-severe disease” refers to patients who are
dependent on or refractory to systemic corticosteroids, have severe endoscopic disease activity
(including the presence of ulcers), or at high risk of colectomy. For such patients, the AGA
recommends the use of adalimumab, golimumab, infliximab, tofacitinib, ustekinumab, or
vedolizumab over no treatment due to clinical trial results that demonstrate the superiority of TIMs
over placebo. Due to the increased risk of pulmonary embolism and all-cause mortality, the AGA
notes that the recommended induction dose of tofacitinib is 10 mg twice daily for eight weeks, and
for maintenance, 5 mg twice daily.
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The AGA’s guidance is further stratified by a patient’s previous experience with biologics. In
patients who are naive to biologics, infliximab or vedolizumab is recommended over adalimumab
for induction of remission. However, adalimumab may be preferred in patients with less severe
disease or those who favor self-administration. For patients with previous experience with
infliximab, the AGA recommends ustekinumab or tofacitinib (rather than vedolizumab or
adalimumab) for induction, especially for patients with primary nonresponse to infliximab. The
AGA recommends that all patients with moderate-to-severe UC combine TNF inhibitors,
vedolizumab, or ustekinumab with thiopurines or methotrexate, as opposed to biologic
monotherapy or thiopurine monotherapy. Lastly, the AGA recommends the early use of biologics
rather than step therapy with aminosalicylates, which may delay effective treatment in patients at
high risk of complications, hospitalization, and colectomy.

American College of Gastroenterology Clinical Guideline: Ulcerative Colitis in
Adults (2019)%®

The ACG published its clinical guidelines for the treatment of UC in adults in 2019. After a diagnosis
of UC is determined, the ACG recommends treating patients with a treat-to-target approach to
achieve endoscopic improvement, which is most likely to produce steroid-free remission and
prevent hospitalizations and colectomy. Treatment begins with induction, and the ACG outlines
several recommendations for treatment, which are displayed in Table 3.2.

Table 3.2. Recommended Treatments for Induction in Patients with Moderate-to-Severe UC

Treatment Moderate UC

Aminosalicylates Yes No
Oral Budesonide Yes No
Oral Corticosteroids Yes Yes
Thiopurine Monotherapy No No
Methotrexate Monotherapy No No
Adalimumab Yes Yes
Yes Yes
Yes Yes

Vedolizumab Yes Yes

Tofacitinib Yes Yes
UC: ulcerative colitis

As noted in Table 3.2, the ACG considers adalimumab, golimumab, and infliximab effective for
induction of remission. Though there exist no head-to-head trials comparing the TNF inhibitors, the
ACG notes that high rates of remission and lower rates of corticosteroid usage have been observed
with infliximab compared to adalimumab. Adalimumab has been associated with higher rates of all-
cause and UC-related hospitalizations compared to other TNF inhibitors. In addition to the TNF
inhibitors, the ACG also recommends the use of vedolizumab or tofacitinib for patients with both
moderate and severe disease. The ACG does not offer specific recommendations concerning the
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sequence of treatment as head-to-head data is limited. However, the ACG does acknowledge that
the use of treatments with fewer systemic effects (i.e., oral budesonide or vedolizumab) is an
emerging clinical practice. Such treatments may be preferred for some patient populations, such as
older patients who may have a higher risk of infection. In contrast, for patients with several EIMs,
systemic therapies may be preferred. Overall, decisions regarding which therapy to use to achieve
initial remission should be made by the patient and clinician and should be based on prognostic
factors, disease extent and severity, and EIMs among other factors important to the patient.

Once induction of remission is achieved, patients and providers must work to maintain it. The ACG
offers several guidelines based on how a patient achieved initial remission. Following corticosteroid
induction, the ACG recommends that patients with moderate-to-severe UC maintain remission with
the use of thiopurines. Systemic oral corticosteroids are not recommended for maintenance of
remission even though they may be helpful in achieving it initially. Patients with moderate or
severe disease who achieved remission using TNF inhibitors should continue to use adalimumab,
golimumab, or infliximab for maintenance. Based on a meta-analysis conducted in 2014 that
showed no differences in the superiority of a single TNF inhibitor over other TNF inhibitors, the ACG
does not recommend a specific TNF inhibitor. Decisions regarding which therapy to use to maintain
remission should be made by the patient and provider and should be based on prognostic factors,
disease extent and severity, and EIMs among other factors important to the patient.

Clinical Practice Guidelines for the Medical Management of Non-Hospitalized
Ulcerative Colitis: The Toronto Consensus (2015)3¢

The Toronto Consensus was released in 2015 and provides guidance for the medical management
of patients with moderate-to-severe UC. Of note, the Toronto Consensus was published before
Health Canada’s approval of tofacitinib for UC,3” and as such, the guidelines focus primarily on the
TNF inhibitors and vedolizumab.

Following a diagnosis of moderate or severe UC, the Toronto Consensus recommends oral
corticosteroids as first-line therapy to induce remission. The guidelines advise against thiopurines
or methotrexate for induction. Once a patient has achieved remission, the guidelines recommend
against the continued use of oral corticosteroids to maintain remission.

If a patient presents with a contraindication to corticosteroids, TNF inhibitors or vedolizumab may
be considered as first-line to induce remission and should be combined with thiopurines or
methotrexate. Because there are no head-to-head trials among the TNF inhibitors, the guidelines
do not offer guidance on which TNF inhibitor to choose. After TNF inhibitor induction therapy,
patients should be evaluated at eight to 12 weeks to determine response. If a patient is responding
to a TNF inhibitor, the patient should begin maintenance therapy using the same TNF inhibitor used
for induction. In patients with a suboptimal response to TNF inhibitors, the guidelines recommend
dose escalation, and if a patient loses response to TNF inhibitor maintenance, the guidelines
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recommend dose optimization informed by drug monitoring. If patients are ultimately failed by a
TNF inhibitor, the guidelines recommend a switch to vedolizumab over a switch to a different TNF
inhibitor. Patients on vedolizumab should be assessed between eight and 14 weeks, and should
continue vedolizumab for maintenance therapy if they demonstrate response.

National Institute for Health and Care Excellence — Ulcerative Colitis:
Management3®

NICE recommends the use of adalimumab, golimumab (only if the manufacturer provides the 100
mg dose at the same cost as the 50 mg dose), and infliximab in patients with moderate-to-severe
UC whose disease has not responded adequately to conventional therapy (i.e., corticosteroids,
mercaptopurine, azathioprine) or who present with contraindications to conventional therapy.
Because there are no head-to-head trials among the TNF inhibitors, NICE recommends that the
choice of treatment be made on an individual basis following discussions between the clinician and
patient. The choice of treatment should account for therapeutic need and issues of adherence, and
if more than one treatment is appropriate, the least costly option should be selected. All three TNF
inhibitors should be given as a planned course of therapy until treatment fails or until 12 months
after beginning treatment. Clinical symptoms, biological markers, and results from an endoscopy
are key to assessment at 12 months to determine whether a patient should continue treatment. If
a patient is in remission, the clinician may discuss halting treatment, but should be easily able to
resume if the patient relapses.3?

NICE recommends vedolizumab in patients with moderate-to-severe UC only if the manufacturer
provides the treatment with the agreed discount. If the discount is honored, NICE recommends
that vedolizumab be used until it stops working or surgery becomes indicated. Similar to the TNF
inhibitors, NICE recommends assessment at 12 months following the start of treatment to
determine whether treatment should continue. If patients are in complete remission, the clinician
may consider stopping treatment, but should resume if the patient relapses.*°

Lastly, NICE recommends tofacitinib in patients with moderate-to-severe UC if conventional therapy
or a biologic agent cannot be tolerated or if the disease has not responded adequately to prior
treatment. Similar to vedolizumab, tofacitinib is only recommended if the manufacturer honors the
agreed discount.*

National Institute for Health and Care Excellence Appraisal Consultation Document:
Ustekinumab for Treating Moderate-to-Severe Ulcerative Colitis*?

In January 2020, NICE released an appraisal consultation document concerning the use of
ustekinumab for the treatment of UC. The findings are in draft form, and expected publication of
final guidance is June 2020. As of the publication of this report, NICE does not recommend
ustekinumab for the treatment of patients with moderate-to-severe UC who have been failed by or
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are intolerant to conventional therapy or a biologic. Although clinical trial evidence demonstrates
that ustekinumab is more effective than placebo, there is significant uncertainty about the results
of several indirect comparisons and cost-effectiveness estimates. Further details may be found in

Appendix B.
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4. Comparative Clinical Effectiveness

4.1 Overview

To inform the analysis of the comparative clinical effectiveness of TIMs for moderate-to-severe UC,
we systematically reviewed and synthesized existing evidence from available clinical studies. Full
PICOTS criteria are described in Section 1.2. The drugs and regimens of interest for this review are
included in Table 1.1 in Section 1.

In this review, we compared the efficacy, safety, and effectiveness of TIMs (adalimumab,
golimumab, infliximab, tofacitinib, ustekinumab, and vedolizumab [IV]) to ongoing background
conventional therapy (i.e., placebo arms of clinical trials) and to each other. Our review focused on
the clinical benefits important to patients living with UC as well as potential harms. We sought
evidence on all outcomes listed in Section 1. The methods and findings of our review of the clinical
evidence are described in the sections that follow.

4.2 Methods

Data Sources and Searches

Procedures for the systematic literature review assessing the evidence on TIMs for moderate-to-
severe UC followed established best research methods.**** The review was conducted in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.* These guidelines include a checklist of 27 items, which are described further
in Appendix Table Al.

We searched MEDLINE and EMBASE for relevant studies through November 2019. Each search was
limited to English-language studies of human subjects and excluded articles indexed as guidelines,
letters, editorials, narrative reviews, case reports, or news items. We included abstracts from
conference proceedings identified from the systematic literature search. All search strategies were
generated utilizing the Population, Intervention, Comparator, and Study Design elements described
previously. The proposed search strategies included a combination of indexing terms (MeSH terms
in MEDLINE and EMTREE terms in EMBASE) as well as free-text terms.

To supplement the database searches, we performed manual checks of the reference lists of
included trials and systematic reviews and invited key stakeholders to share references germane to
the scope of this project. We also supplemented our review of published studies with data from
conference proceedings, regulatory documents, information submitted by manufacturers, and
other grey literature when the evidence met ICER standards (for more information, see https://icer-
review.org/methodology/icers-methods/icer-value-assessment-framework-2/grey-literature-
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policy/). Where feasible and deemed necessary, we also accepted data submitted by
manufacturers “in-confidence,” in accordance with ICER’s published guidelines on acceptance and
use of such data (https://icer-review.org/use-of-in-confidence-data/).

Study Selection

After removal of duplicate citations, references went through two levels of screening at both the
abstract and full-text levels. Three reviewers independently screened the titles and abstracts of all
publications identified using DistillerSR (Evidence Partners, Ottawa, Canada) and disagreements
were resolved through consensus. Studies that did not meet PICOTS criteria were excluded.

We included evidence from RCTs and high-quality comparative observational studies, where
available (see below for details on quality assessment). Single-arm studies and early clinical phase
development studies (i.e., Phase ), were excluded. Further, abstracts that report duplicate data
available in the published articles or results from observational studies presented in conference
abstracts with insufficient information to evaluate methodological quality were excluded. Only
studies that evaluated an FDA-approved dose were included; however, we also included treatment
arms with higher dosing levels given the potential for dose escalation in UC. Finally, while
concomitant use of conventional systemic agents (e.g., aminosalicylates, thiopurines) was
permitted in available trials, we excluded any trial that randomized patients to treatment with TIMs
in combination with other agents, given our focus on the incremental benefits of TIM therapy.*®

Data Extraction and Quality Assessment

Two reviewers extracted data into evidence tables. Extracted data were verified by another
researcher. Elements include study name, study year, study design, phase of the trial, study
inclusion and exclusion criteria, description of patient populations, sample size, duration of follow-
up, funding source, interventions (agent, dosage, frequency, schedules), concomitant therapy
allowed and used (agent, dosage, frequency, schedules), outcome assessments, results, and quality
assessment for each study. The report utilized the criteria published by the US Preventive Services
Task Force (USPSTF) to assess the quality of clinical trials and cohort studies, using the categories
“good,” “fair,” or “poor.”*” For more information on data extraction and quality assessment, refer
to Appendix D.

Assessment of Level of Certainty in Evidence

We used the ICER Evidence Rating Matrix to evaluate the level of certainty in the available evidence

of a net health benefit among each of the interventions of focus (see Appendix D).*®
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Assessment of Bias

As a part of quality assessment, we examined the evidence base for the presence of potential
publication bias. Given the emerging nature of the evidence base for newer treatments,
ClinicalTrials.gov was scanned to identify studies completed more than two years ago. Studies that
met the inclusion criteria, and for which no findings have been published or presented publicly,
were selected. We found no evidence of publication bias. However, we identified a Phase 11l RCT
(NCT01551290) for infliximab in Chinese patients sponsored by Xian-Janssen that was completed in
November 2014; results are only available from a clinical trial report linked to the ClinicalTrials.gov
page and have not been published in a peer-reviewed journal.

Data Synthesis and Statistical Analyses

Data for the available comparisons of TIMs for the FDA-approved dose or higher were abstracted in
evidence tables (see Appendix D) and synthesized in the text on the following pages. In addition,
comparative efficacy of TIMs for patients living with moderate-to-severe UC was assessed by means
of NMA, where feasible. Trials that were deemed sufficiently similar in terms of population,
intervention type, duration, and outcome definitions were included in the NMAs. Below, we briefly
summarize the characteristics of our NMAs. Appendix F contains a more detailed description of the
NMA methods.

NMAs focused on clinical efficacy outcomes, including clinical response, clinical remission, and
endoscopic improvement, were conducted. Given the expected differences in the clinical efficacy
of treatment in patients with and without prior biologic exposure, separate networks were
developed for biologic-naive and biologic-experienced populations. In addition, outcomes were
analyzed separately for the induction phase (six to 14 weeks) and maintenance phase (52-60
weeks). Clinical response and remission were analyzed in both induction and maintenance phases.
Endoscopic improvement was analyzed only during the induction phase due to limited data
availability and trial design differences.

The evidence base of the included trials in the maintenance phase is a combination of “treat-
through” designs, where patients were randomized at baseline and followed through until the end
of maintenance, and “re-randomized” designs, where responders to treatment from one or two
induction trials were re-randomized in the maintenance phase. The re-randomized trials report
clinical response and remission at the end of maintenance among induction responders. In order to
analyze all trials in a comparable fashion in a single network, results from treat-through trials were
adjusted to more closely resemble results from re-randomized trials.
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Data were available for all TIMs (adalimumab, golimumab, infliximab, tofacitinib, ustekinumab, and
vedolizumab) in the biologic-naive population. However, it was noted that the use of tofacitinib is
no longer feasible in a biologic-naive population based on an FDA-enforced label change (July 2019)
that now requires that tofacitinib use be reserved for “...patients who have failed or do not tolerate
tumor necrosis factor (TNF) blockers.”*° Based on this information, tofacitinib was not included in
the NMAs for induction or maintenance outcomes within the biologic-naive population. Data were
available for adalimumab, tofacitinib, ustekinumab, and vedolizumab in the biologic-experienced
population; data were not available for golimumab or infliximab, so we were unable to generate
comparative efficacy estimates for these drugs.

While different doses of some of TIMs were studied in available trials, we found no statistically
significant differences in rates of key response or remission outcomes between doses in any
relevant trial, so these data were pooled at the drug level for our primary NMAs. Additionally, we
included trials conducted exclusively in Asian populations in our primary NMAs. To explore the
impact of these characteristics on our results, we conducted two sensitivity analyses: 1) using
unpooled doses for relevant TIMs; and 2) restricting included trials to those that enrolled subjects
from multiple countries. Results from these analyses were generally consistent with the primary
results (see Appendix F for more details).

All NMAs were conducted in a Bayesian framework using either the gemtc or R2jags package in
R.SO’Sl

4.3 Results

Study Selection

Our literature review search identified a total of 6,400 potentially relevant references. We included
45 references, of which 37 related to 19 unique RCTs in adults,*>® one reference related to one RCT
in children,® and seven references related to seven high-quality comparative observational studies
in adults.®°® The primary reasons for study exclusion were that the intervention or comparators
used were outside the scope of this review, another study population was of focus (e.g., patients
with mild-to-moderate UC), the study design was non-comparative, or conference abstracts
reported duplicative data to the full publications. In the results that follow, we focus on the
comparative efficacy and safety of TIMs in the adult population; the RCT conducted in children is
described later under Special Populations.

Of the 19 included trials in the adult population, one trial was a head-to-head trial comparing
vedolizumab and adalimumab (VARSITY), and the other trials were placebo controlled. The trials
enrolled patients with moderate-to-severe UC (Mayo Score >6 with an endoscopic sub-score >2)
whose disease had not responded to conventional systemic agents. The trials assessed disease
severity using the Mayo Score at the end of induction (week six to 14) or at the end of maintenance
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(week 52-60), or both. Although we preferred the use of the total Mayo Score to measure disease
severity, we used data based on the partial Mayo Score (i.e., all components except the endoscopic
sub-score) if data based on the total Mayo Score were not available. Use of conventional systemic
agents (e.g., azathioprine, aminosalicylates) was permitted alongside active and placebo therapy in
all trials. Across the trials, the study populations were broadly similar. Overall, the included trials
were comparable with respect to age (range: 34-43 years) and disease severity as measured by the
Mayo Score (range: 8.0-9.1). However, there was some variation in the disease duration across
trials, ranging from 3.7 to 8.3 years (see Table 4.1). Trials excluded patients who had been
diagnosed with Crohn’s disease, severe or extensive colitis requiring colectomy, and with a history
of malignancy. Additional details of included references and their study characteristics have been
summarized in Appendix D, and the trials included in the review are summarized in Table 4.1 on the
following page.
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Table 4.1. Study Design and Baseline Characteristics of Included RCTs>%61,63-6567,71,75,78-81,83,85,87

. M B I' . .
Trial Randomized Treatment ArmsT (n) can as'e |'ne Inclusion in
(IND/MAINT Naive (%) Characteristics Primary Response/

Timepoints) Exp (%) Maintenance Age Disease | Mayo | Endpoint** | Remission
TT or RR* Duration | Score NMAS

Head-to-Head

VARSITY Naive L.

1) VEDO 300 mg (n=383) 1) VEDO 300 mg q8w (n=383) Remission at  IND
(14/52 Weeks), (79%) 406 638 8.7

2) ADA 160/80 mg (n=386)  2) ADA 40 mg (n=386) week 52 MAINT
T Exp (21%)

Adalimumab

ULTRA 1 Naive 1) ADA 160/80 mg (n=130) 8.5 Remission at 5
(8 Weeks) (100%) 2) Placebo (n=130) ; ; week 8

Naive Remission at

ULTRA 2 1) ADA 160/80 mg (n=248) 1) ADA 40 mg (n=248) IND
(60%) 40.4 8.3 8.9 week 8 and

(8/52 Weeks), TT 2) Placebo (n=246) 2) Placebo (n=246) MAINT
Exp (40%) at week 52

Suzuki 2014 Naive 1) ADA 160/80 mg (n=87) 1) ADA 40 mg (n=177) 5o -5 - Not TG0

EYE A O M (100%) 2) Placebo (n=96) 2) Placebo (n=96) ’ ’ ’ specified

. 1) GOL 200/100 mg (n=294)
PURSUIT-SC Naive Response at
2) GOL 400/200 mg (n=298)  -- 400 6.3 8.5 IND
(6 Weeks) (100%) week 6
3) Placebo (n=292)
. Response
PURSUIT-M Naive 1) GOL 100 mg (n=154)
- 40.2 7.0 8.3 through MAINT
(54 Weeks), RR (100%) 2) Placebo (n=156)
week 54
. Response
PURSUIT-J Naive 1) GOL 100 mg (n=32) . .
- 411 55 8.0 through -
(54 Weeks), RR (100%) 2) Placebo (n=31)
week 54
1) IFX 5 mg/kg (n=121 1) IFX 5 mg/kg (n=121
ACT 1 Naive ) g/ke ( ) ) g/ke ( ) Response at IND
2) IFX 10 mg/kg (n=122) 2) IFX 10 mg/kg (n=122) 418 6.8 8.4
(8/54 Weeks), TT [WEFA] week 8 MAINT
3) Placebo (n=121) 3) Placebo (n=121)
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. M B I' . -
Trial . Randomized Treatment Armst (n) cafl Basene : Inclusion in
(IND/MAINT Naive (%) Characteristics Primary Response/
: ; 9 Disease Y E/) int** issi
Timepoints) Exp (%) Maintenance Age ; y Endpoint Rem|SS|§on
TT or RR* Duration | Score NMA
8.4
8.6
NR

1) IFX 5 mg/kg (n=121) 1) IFX 5 mg/kg (n=121)
2) IFX 10 mg/kg (n=120) 2) IFX 10 mg/kg (n=120) 400 66
3) Placebo (n=123) 3) Placebo (n=123)

Kobayashi 2016 Naive 1) IFX 5 mg/kg (n=104) 1) IFX 5 mg/kg (n=73)

ACT 2 Naive
EYEDAVEE G MY (100%)

Response at
IND®
week 8

Response at

38.9 7.6 IND®

CTELDAVEES R (100%) 2) Placebo (n=104) 2) Placebo (n=72) week 8
Jiang 2015 Naive 1) IFX 5 mg/kg (n=41) 1) IFX 5 mg/kg (n=41) o A Response at TP
(8/30 Weeks), TT [WEeleL7! 2) Placebo (n=41) 2) Placebo (n=41) ' ' week 8

NCT01551290 Naive 1) IFX 5 mg/kg (n=49) 1) IFX 5 mg/kg (n=50) o o gt Response at s
(8/26 Weeks), TT [WEFA] 2) Placebo (n=50) 2) Placebo (n=49) ’ week 8

Tofacitinib

Naive L.
OCTAVE 1 1) TOF 10 mg (n=476) " Remission at

(47%) - 41.6 6.3 9.1 IND
(8 Weeks) 2) Placebo (n=122) week 8

Exp (53%)

Naive L.
OCTAVE 2 1) TOF 10 mg (n=476) o Remission at

(45%) - 408 6.1 9.0 IND
(8 Weeks) 2) Placebo (n=112) week 8

Exp (55%)

Naive 1) TOF 5 mg (n=198) _
OCTAVE SUSTAIN o Remission at

(52%) - 2) TOF 10 mg (n=197) 42.7 6.8 NR¥ MAINT

(52 Weeks), RR week 52

Exp (48%) 3) Placebo (n=198)

Naive Remission at
UNIFI 1) UST 6 mg/kg (n=322) 1) UST 90 mg q8w (n=176) IND

49% 41.7 8.1 8.9 week 8 and
(8/52 Weeks), RR (49%) 2) Placebo (n=319) 2) Placebo (n=175) MAINT
Exp (51%) at week 52
Vedolizumab
Naive 1) VEDO 300 mg q8w (n=122) Response at
GEMINI 1 1) VEDO 300 mg (n=225) IND
(52%) 2) VEDO 300 mg g4w (n=125) 403 6.9 8.6 week 6 and
(6/52 Weeks), RR 2) Placebo (n=149) MAINT
Exp (48%) 3) Placebo (n=126) at week 52
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. M B I' . -
Trial . Randomized Treatment Armst (n) cafl Basene : Inclusion in
(IND/MAINT Naive (%) Characteristics Primary Response/
: ; 9 Disease Y E/) int** issi
Timepoints) Exp (%) Maintenance Age ; y Endpoint Rem|55|§on
TT or RR* Duration | Score NMA
8.2

. Response at
Motoya 2019 Naive

1) VEDO 300 mg (n=164) 1) VEDO 300 mg q8w (n=41) week 10and IND
(10/60 Weeks), (49%) 429 83 . o
2) Placebo (n=82) 2) Placebo (n=42) remission at  MAINT
RR Exp (51%)
week 60
Naive L
VISIBLE 11+ 1) VEDO 300 mg q8w (n=54) " Remission at
(61%) - 393 7.9 9.0 MAINT
(6/52 Weeks), RR 2) Placebo (n=56) week 52

Exp (39%)
ADA: adalimumab, GOL: golimumab, Exp: experienced, IFX: infliximab, IND: induction, kg: kilogram, MAINT: maintenance, M week: maintenance week, mg:

milligram, N: total number, n: number, g4w: every 4 weeks, q8w: every 8 weeks, PBO: placebo, RR: re-randomized, TOF: tofacitinib, TT: treat-through, UST:
ustekinumab, VEDO: vedolizumab

*Treat-through or re-randomized design for trials with maintenance phases.

TOnly including randomized treatment arms of FDA-approved dosing or higher.

¥Median reported.

§Refer to Appendix F for more details on reasons for exclusion from induction or maintenance NMAs.

HThe mean Mayo Score at the start of treatment was not reported; however, the mean Mayo Score at beginning of the maintenance phase was reported (3.3).
**Response and remission based on the Mayo Score.

t+In our review, we only include evidence from the IV vedolizumab arm and not the subcutaneous vedolizumab arm.
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Quality of Individual Studies

We used the USPSTF criteria to rate the quality of the included RCTs (see Appendix D). The RCTs
were rated “good” or “fair.” Of note, we did not rate the one trial of infliximab that was only
available in grey literature (NCT01551290) and this trial was not included in our NMA. Generally,
good and fair quality trials had comparable groups at baseline, clear definitions of outcomes and
interventions, and valid outcome measurements. For efficacy endpoints, most RCTs performed
intent-to-treat analysis while some performed modified intent-to-treat analysis; additionally, most
RCTs employed appropriate methods to handle missing data (e.g., non-responder imputation for
response and remission). Randomized patients who received at least one dose of the study drug
were evaluated for safety endpoints.

Furthermore, we noted that some trials had imbalances across arms in certain baseline
characteristics, which may have affected findings. Specifically, Motoya and colleagues noted
imbalances in key disease characteristics that could have led to unusually high placebo response
rates, especially in the biologic-experienced group.®’ Additionally, we noted that across the trials,
the rates of trial and treatment discontinuation were generally high; in some trials, the rates were
uneven, which may have affected results. Also, in the re-randomized trials, patients randomized to
placebo in the maintenance phase had already received active treatment. This could have
potentially resulted in unblinding to maintenance treatment among patients, although we note that
the primary measures of effectiveness in this review were objective in nature and unlikely to be
materially affected by patient unblinding.

Quality of the Network Meta-Analysis Evidence Base

Generally, the trials were comparable in terms of populations studied and outcomes measured.
However, we did note some differences across trials. First, the trials conducted in a “mixed”
population used different criteria regarding prior exposure to biologics to define their strata when
reporting subgroup results. Some trials defined subgroups by prior use of a biologic (e.g., “biologic-
naive” and “biologic-experienced”), while the other trials defined subgroups by prior failure by a
biologic (e.g., “biologic-failure” and “biologic non-failure”). Throughout our review, we refer to the
subgroups across the trials as “biologic-naive” and “biologic-experienced;” however, it should be
noted that differences in how the populations were defined could potentially affect findings.

Further, the clinical efficacy outcomes of response and remission were generally defined
comparably across trials (see Section 1) with a few exceptions. Importantly, for the head-to-head
VARSITY trial, the rate of response at the end of maintenance used in our NMA was based on the
partial Mayo Score (including all components except the endoscopic sub-score) and not the total
Mayo Score. This may lead to higher effect sizes relative to total Mayo results and possibly biased
estimates of treatment effect. Secondly, the OCTAVE trials used a stricter definition of clinical
remission compared to other trials by requiring the rectal bleeding score to be 0 (rather than 0 or 1)
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in addition to the other criteria. Moreover, while most trials used a local endoscopy reading, the
OCTAVE trials used a centralized system.8! Lastly, the adalimumab trials used the worst rank
method to measure Mayo Scores (i.e., taking the highest score in a three-day period) as opposed to
using an average of the scores for their primary and key secondary endpoints, which may have
underestimated effect sizes relative to average scores.?’

Clinical Benefits
Adults
Biologic-Naive

Induction Outcomes from Randomized Controlled Trials

o In the head-to-head VARSITY trial, vedolizumab had a higher rate of clinical response
compared to adalimumab, although rates of remission were similar.

e In placebo-controlled trials, TIMs generally had higher rates of clinical response and
remission compared to placebo, a finding that was also reflected in NMAs.

e The NMA showed infliximab and vedolizumab had higher rates of response and remission
compared to adalimumab.

e The NMA showed all TIMs had higher rates of endoscopic improvement compared to
placebo; additionally, infliximab had higher rates of endoscopic improvement compared
to adalimumab.

Response and Remission

Fifteen of the included RCTs>%61,64.6567,71,75,78,80,81,83,8587 measyred the efficacy of TIMs in achieving
clinical response and remission at the end of the induction phase (six to 14 weeks) in the biologic-
naive population. One trial was head-to-head (vedolizumab vs. adalimumab) and 14 were placebo
controlled. Data were available for all TIMs included in our review. The rates in each of the
individual 15 RCTs are described below and reported in Table 4.2.

Head-to-Head Trial

Vedolizumab versus Adalimumab

In the VARSITY head-to-head trial comparing the efficacy of vedolizumab and adalimumab, the rate
of response was higher with vedolizumab 300 mg compared to adalimumab 160/80 mg at the end
of induction (70.1% vs. 49.5%, difference: 20.6; 95% Cl for difference: 12.9 to 28.2); however, the
rates of achieving remission did not statistically differ (Table 4.2).83
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Placebo-Controlled Trials
Adalimumab

Three RCTs measured the efficacy of adalimumab compared to placebo (ULTRA 1, ULTRA 2, and
Suzuki 2014).717887 |n one RCT (ULTRA 2), adalimumab 160/80 mg had higher rates compared to
placebo of clinical response (59.3% vs. 36.8%, p<0.0001) and remission (21.3% vs. 11.0%, p=0.017)
at the end of induction.”® Evidence was mixed in the other RCTs; in one RCT (ULTRA 1), adalimumab
160/80 mg had higher rates compared to placebo of remission (18.5% vs. 9.2%, p=0.031) but not
clinical response,’ and in the other RCT (Suzuki 2014), adalimumab 160/80 mg had higher rates
compared to placebo of clinical response (50.0% vs. 35.4%, p=0.044) but not remission (Table 4.2).%’
As mentioned earlier, all adalimumab trials used the worst rank method to assign Mayo Scores,
which likely led to lower effect sizes.

Golimumab

In the one RCT of golimumab versus placebo (PURSUIT-SC),% both golimumab 200/100 mg and
golimumab 400/200 mg had higher rates compared to placebo of clinical response (51.0% and
54.9% vs. 30.3%, respectively, p<0.0001 for both) and remission (17.8% and 17.9% vs. 6.4%,
respectively, p<0.0001 for both) in the Phase Il population at the end of induction (Table 4.2). In
our NMA, we used rates from the pooled Phase Il and Ill population, which were similar to the rates
observed in the Phase Ill population. Both golimumab 200/100 mg and golimumab 400/200 mg had
numerically higher rates compared to placebo of clinical response (50.0% and 54.7% vs. 30.5%,
respectively) and remission (17.7% and 18.8% vs. 6.8%, respectively); the significance of the
difference was not reported for the pooled analysis.

Infliximab

Five RCTs measured the efficacy of infliximab compared to placebo (ACT 1, ACT 2, Jiang 2015,
Kobayashi 2016, and NCT01551290);°%546575 3]| five of the trials assessed infliximab 5 mg/kg and
two trials also assessed infliximab 10 mg/kg.”> In all five RCTs, infliximab had higher rates of clinical
response at the end of induction compared to placebo. In three RCTs, infliximab had higher rates of
clinical remission at the end of induction compared to placebo,?* 7> while one RCT found marginal
significance (p=0.05) and another RCT found no difference (Kobayashi 2016 and NCT01551290)
(Table 4.2).5%%> As noted earlier, NCT01551290 was not included in the NMA as it was only available
in grey literature.

Tofacitinib

Two RCTs measured the efficacy of tofacitinib compared to placebo (OCTAVE 1 and OCTAVE 2).8! In
a pooled analysis of the two trials, tofacitinib 10 mg had higher rates compared to placebo of
clinical response (64.5% vs. 39.1%, p<0.0001) and remission (24.1% vs. 11.8%, p<0.01) at the end of
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induction (Table 4.2).°® As noted previously, we have not included these data in our NMA due to
the FDA label change.

Ustekinumab

In the one RCT of ustekinumab versus placebo (UNIFI), ustekinumab 6 mg/kg had higher rates
compared to placebo of clinical response (66.7% vs. 35.4%, p<0.001) and remission (18.6% vs. 9.5%,
p=0.022) at the end of induction (Table 4.2).8%

Vedolizumab

Two RCTs measured the efficacy of vedolizumab (IV) compared to placebo (GEMINI 1 and Motoya
2019).%%%7 |n one RCT, vedolizumab 300 mg had higher rates compared to placebo of clinical
response (53.1% vs. 26.3%, difference: 26.4, 95% Cl for difference: 12.4 to 40.4) and remission
(23.1% vs. 6.6%, difference: 15.5, 95% Cl for difference: 5.1 to 25.9) at the end of induction (GEMINI
1),%! but these measures did not differ between vedolizumab and placebo in the other RCT (Motoya
2019) (Table 4.2).57 As previously noted, Motoya and colleagues describe several treatment group
imbalances that may have contributed to unusually high placebo response and remission rates.
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Table 4.2. Response and Remission Rates at the End of Induction in the Biologic-Naive
P opu | ati or..52,61,64,65,67,71,75,78,80,81,83,85,87

e Response | Remission |

Head-to-Head
VEDO 300 mg 70.1 Diff. (95% Cl): 27.6 Diff. (95% Cl):
ADA 160/80 mg 49.5 20.6 (12.9, 28.2) 23.6 4.0 (-2.9, 10.9)

304
305

VARSITY 14

Adalimumab
130 ADA 160/80 mg 54.6 NS 18.5 p=0.031
ULTRA 1 8
130 PBO 44.6 - 9.2 --
150 ADA 160/80 mg 59.3 p<0.001 21.3 p=0.017
ULTRA 2 8
145 PBO 38.6 = 11.0 =
. 90 ADA 160/80 mg 50.0 p=0.044 10.0 NS
Suzuki 2014 8
PBO 35.4 - 11.5 --
294 GOL 200/100 mg 51.0 p<0.0001 17.8 p<0.0001
PURSUIT-SC
6 298  GOL 400/200 mg 54.9 p<0.0001 17.9 p<0.0001
(Phase I1)*
292 PBO 30.3 - 6.4 --
121 IFX 5 mg/kg 69.4 p<0.001 38.8 p<0.001
8 122  IFX 10 mg/kg 61.5 p<0.001 32.0 p=0.002
121 PBO 37.2 = 14.9 =
121 IFX 5 mg/kg 64.5 p<0.001 33.9 p<0.001
8 120  IFX 10 mg/kg 69.2 p<0.001 27.5 p<0.001
123 PBO 29.3 -- 5.7 -
41 IFX 5 mg/k 78.1 =0.00 53.7 =0.003
Jiang 2015 8 g/ke - E
41 PBO 36.6 = 219 =
. 104  IFX5 mg/kg 54.8 p=0.005 20.2 NS
Kobayashi 2016 [}
104 PBO 35.6 -- 10.6 -
50 IFX 5 mg/kg 64.0 p=0.0021 22.0 NS
NCT0155129+% 8
49 PBO 32.7 = 10.2 =
Tofacitinib
OCTAVE 1 & 2 8 440 TOF10mg 64.5 p<0.0001 24.1 p<0.01
(Pooled)t 110 PBO 39.1 = 11.8 =
156  UST 6 mg/kg 66.7 p<0.001 18.6 p=0.022
158 PBO 35.4 - 9.5 -
Vedolizumab
VEDO 300 mg 53.1 Diff. (95% Cl): 26.4 23.1 Diff. (95% Cl): 15.5
76 PBO 26.3 (12.4 to 40.4) 6.6 (5.1 to 25.9)
79 VEDO 300 mg 53.2 Diff. (95% Cl): 16.6 27.8 Diff. (95% Cl): 13.2
Motoya 2019 10
41 PBO 36.6 (-1.8 to 35.0) 14.6 (-1.4 to 27.9)

ADA: adalimumab, Cl: confidence interval, GOL: golimumab, IFX: infliximab, kg: kilogram, mg: milligram, NR: not reported, NS:
not significant, PBO: placebo, UST: ustekinumab, VEDO: vedolizumab

*Pooled Phase Il and Il results were used in NMA.

tData for trial only available in grey literature and not included in NMA.
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Network Meta-Analyses

Twelve of the 15 available RCTs were included in the induction NMA for the biologic-naive
population (all but the tofacitinib trials and the infliximab trial available in grey literature
[NCT01551290]); refer to Appendix F for more details on reasons for exclusion from the NMA.
Results from the NMA showed all TIMs were more likely to achieve response and remission
compared to placebo. Specifically, TIMs were 1.4 to 1.9 times more likely to achieve clinical
response (Table 4.3) and 1.8 to 3.2 times more likely to achieve remission (Table 4.4) compared to
placebo. Additionally, infliximab and vedolizumab were more likely to achieve response and
remission compared to adalimumab (Table 4.3 and 4.4). No other statistical differences among
TIMs were observed.

Table 4.3. Risk Ratios for Response at the End of the Induction Phase in Biologic-Naive Patients

IFX Pooled*
1.07 (0.93, 1.24)
1.10(0.93, 1.34) 1.02 (0.84, 1.27)
1.15 (1.00, 1.35) 1.08 (0.92, 1.27) 1.05 (0.85, 1.28) GOL Pooled*
1.37(1.18,1.62) | 1.28(1.14,1.45) | 1.25(1.00, 1.53) 1.18 (1.00, 1.42)
1.88(1.67,2.12) | 1.76 (1.54,2.02) | 1.71(1.41,2.06) | 1.63(1.43,1.86) | 1.38(1.21,1.56)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO:
vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect
comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Infliximab 5 mg/kg and 10 mg/kg pooled; golimumab 200/100 mg and 400/200 mg pooled.

Table 4.4. Risk Ratios for Remission at the End of the Induction Phase in Biologic-Naive Patients

IFX Pooled*
1.15 (0.87, 1.54)
1.21(0.85,1.79) | 1.05(0.71, 1.59)
1.34 (1.00, 1.80) 1.16 (0.84, 1.62) 1.10(0.73, 1.63) GOL Pooled*
1.84 (1.39, 2.50) 1.60 (1.29, 1.98) 1.52 (1.00, 2.26) 1.38(1.00, 1.92)
3.22(2.60,3.96) | 2.79(2.18,3.58) | 2.66(1.86,3.73) | 2.41(1.89, 3.08) 1.76 (1.38, 2.19)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO:

vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect
comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Infliximab 5 mg/kg and 10 mg/kg pooled; golimumab 200/100 mg and 400/200 mg pooled.

Endoscopic Improvement

Fourteen of the included placebo-controlled RCTs>%61646567.75,78,80,81,8587 megsured the efficacy of
TIMs in achieving endoscopic improvement at the end of the induction phase (six to 14 weeks) in
the biologic-naive population. Results for endoscopic improvement stratified by prior biologic

©Institute for Clinical and Economic Review, 2020 Page 37
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




exposure at week 14 were not available for the VARSITY head-to-head trial. Data were available for
all TIMs included in our review. The rates in each of the individual 14 RCTs are reported in
Appendix Table D5. Generally, all TIMs showed higher rates of endoscopic improvement compared
to placebo at the end of induction.

Network Meta-Analysis

Eleven trials were included in our NMA (all but the tofacitinib trials and the infliximab trial available
in grey literature [NCT01551290]); refer to Appendix F for more details on reasons for exclusion
from the NMA. Results from our NMA showed all TIMs were significantly more likely to achieve
endoscopic improvement compared to placebo (Table 4.5). Specifically, TIMs were 1.3 to 1.8 times
more likely to achieve endoscopic improvement compared to placebo. Infliximab was more likely to
induce endoscopic improvement than adalimumab. No other statistical differences were observed
among TIMs.

Table 4.5. Risk Ratios for Endoscopic Improvement at the End of the Induction Phase in Biologic-
Naive Patients

IFX Pooled*
1.07 (0.74, 1.51)
1.17 (0.77,1.75) | 1.1(0.67, 1.80)
1.19(0.92,1.55) | 1.12(0.77,1.65) | 1.02(0.67,1.57) GOL Pooled*
1.43 (1.13,1.81) | 1.34(0.94,1.95) | 1.22(0.81,1.85) | 1.2(0.92, 1.57)
1.83 (1.56,2.17) | 1.71(1.27,2.4) 1.56 (1.08, 2.3) 1.53(1.26,1.9) | 1.28(1.08, 1.53)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, UST: ustekinumab, VEDO: vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect

comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Infliximab 5 mg/kg and 10 mg/kg pooled; golimumab 200/100 mg and 400/200 mg pooled.

Maintenance Outcomes from Randomized Controlled Trials

o The head-to-head VARSITY trial showed the rate of clinical remission was higher with
vedolizumab compared to adalimumab.

o In placebo-controlled trials, TIMs generally had higher rates of clinical response and
remission compared to placebo, a finding that was also reflected in the NMAs.

e The NMA showed that vedolizumab had higher rates of clinical response and remission
compared to adalimumab and golimumab.

Response and Remission

Eleven RCTs measured the efficacy of TIMs in achieving clinical response and remission at the end
of the maintenance phase (52-60 weeks) in the biologic-naive population. One RCT was head-to-
head (vedolizumab vs. adalimumab), and 10 trials were placebo controlled. Data were available for
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all TIMs included in our review. Four of the trials had a treat-through design’>788387 and seven
utilized a re-randomized approach.61.6367.77.79,81,85

In the following section, we describe results for the key outcome measures in the biologic-naive
population as reported in the published trials (i.e., measures designated as primary and key
secondary outcomes for the overall population). As discussed earlier, we adjusted the rates from
the treat-through trials to resemble results more closely from re-randomized trials to enable
comparisons in our NMA. Additionally, for some re-randomized trials, we preferred manufacturer-
submitted inputs or other published secondary outcomes over the results described below, as they
provided us with more comparable outcomes for our NMA (e.g., response at end of maintenance
vs. response through the end of maintenance). For more details on the inputs used in the NMAs,
refer to Appendix F.

Published Results from Treat-Through Trials
Head-to-Head Trial

Vedolizumab versus Adalimumab

In the VARSITY head-to-head trial, vedolizumab 300 mg every eight weeks had higher rates of
remission compared to adalimumab 40 mg at the end of maintenance (Table 4.6).83

Placebo-Controlled Trials

Both adalimumab 40 mg and infliximab (5 mg/kg and 10 mg/kg doses) had higher rates of response
and remission compared to placebo at the end of maintenance in available trials (Table 4.6).7>7887

Table 4.6. Response and Remission Rates Among all Patients in Treat-Through Trials in Biologic-
Naive Patients’5:78:83,87

] | Response |  Remission |
i mn“

304 VEDO 300 mg q8w 34.2 Diff. (95% ClI):
VARSITY 52 NR

305  ADA40mg 24.3 9.9 (2.8t0 17.1)

150 ADA 40 mg 36.7 p=0.019 22.0 p=0.029
ULTRA 2 52

145 PBO 24.1 -- 12.4 --

! 177  ADA 40 mg 31.0 p=0.021 233 p=0.011

Suzuki 2014 [EEYi

96 PBO 17.7 -- 7.3 --

121 IFX 5 mg/kg 45.5 p<0.001 34.7 p=0.001
ACT 1 54 122 IFX 10 mg/kg 44.3 p<0.001 34.4 p=0.001

121 PBO 19.8 — 16.5 —

ADA: adalimumab, CI: confidence interval, IFX: infliximab, kg: kilogram, mg: milligram, NR: not reported, PBO:
placebo, g8w: every 8 weeks, VEDO: vedolizumab
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Published Results from Re-Randomized Trials
Placebo-Controlled Trials
Golimumab

Golimumab 100 mg had higher rates of maintaining response through week 54 and of achieving
remission at both week 30 and 54 compared to placebo in PURSUIT-J and PURSUIT-M (Table
4.7).837

Tofacitinib

Tofacitinib 5 mg and 10 mg had higher rates of achieving response and remission at week 52
compared to placebo in OCTAVE SUSTAIN (Table 4.7).5¢ As noted previously, we have not included
tofacitinib in our biologic-naive NMA due to the FDA label change.

Ustekinumab

Ustekinumab 90 mg had higher rates of maintaining response through week 52 and remission at
maintenance week 52 compared to placebo in UNIFI (Table 4.7).8%

Vedolizumab

Vedolizumab 300 mg every eight weeks had higher rates of response compared to placebo in
GEMINI 1 and Motoya 2019, and higher rates of remission compared to placebo in GEMINI 1 but
not in Motoya 2019 at week 52.51%7 Additionally, vedolizumab 300 mg every four weeks showed
higher rates of response and remission compared to placebo in GEMINI 1. In VISIBLE 1, rates of
remission were numerically higher with vedolizumab 300 mg every eight weeks compared to
placebo, although the significance of the difference was not reported (Table 4.7).””
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Table 4.7. Response and Remission Rates Among Induction Responders in Re-Randomized Trials

in Biologic-Naive Patients®%/6367.75,77-79,83,85

TI Response | Remission |
151 GOL 100 mg 49.7 p<0.001 27.8 p=0.004
PURSUIT-M
154 PBO 31.2 - 15.6 -

32 GOL 100 mg 56.3 Diff. (95% Cl): 36.9  50.0 Diff. (95% Cl): 43.6
PURSUIT-J 54
31 PBO 19.4 (14.8, 59.0) 6.5 (24.2, 62.9)
115 TOF5mg 56.6 p<0.0001 41.7 p<0.0001
OCTAVE
104 TOF 10 mg 64.4  p<0.0001 442  p<0.0001
SUSTAIN
109 PBO 24.8 - 11.0 --
85 UST 90 mg q8w 77.6 48.2
52 p<0.001 p=0.024
87 PBO 50.6 31.0
Diff. (95% Cl): 9.2 Diff. (95% Cl): 28.4
73 VEDO 300 mg q4w  56.2 47.9
(13.7, 44.7) (13.7, 43.1)
52 Diff. (95% Cl): 38.2 Diff. (95% Cl): 26.6
72 VEDO 300 mg q8w  65.3 45.8
(22.6, 53.8) (11.8, 41.4)
79 PBO 26.6 - 19.0 -
Motoya 50 24  VEDO 300 mgqg8w  66.7 Diff. (95% Cl): 31.0 54.2 Diff. (95% Cl): 18.5
2019 28 PBO 35.7 (5.1, 56.9) 35.7 (-8.2, 45.1)

32 VEDO 300 mg g8w  NR 53.1
VISIBLE 1 52 NR NR
37 PBO NR 18.9

Cl: confidence interval, GOL: golimumab, IFX: infliximab, mg: milligram, NR: not reported, PBO: placebo, g4w:
every 4 weeks, q8w: every 8 weeks, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Network Meta-Analysis

Eight RCTs were included in our NMA (all trials except for Suzuki 2014, PURSUIT-J, and OCTAVE
SUSTAIN); please refer to Appendix F for more details on reasons for exclusion from the NMA. Our
NMA showed all TIMs were more likely to achieve clinical response and remission at the end of
maintenance compared to placebo. Rates of clinical response with TIMs versus placebo were 1.4 to
1.8 times higher (Table 4.8), and rates of remission with TIMs versus placebo were 1.5 to 2.1 times
higher (Table 4.9). Vedolizumab was shown to be more likely to achieve clinical response and
remission compared to adalimumab and golimumab. No other statistical differences between TIMs
were observed.
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Table 4.8. Risk Ratios for Response at the End of the Maintenance Phase in Biologic-Naive
Patients

VEDO Pooled*
1.11(0.87, 1.52)
1.20(0.92, 1.70) 1.08 (0.74, 1.58) IFX Pooled*
1.23 (1.07, 1.45) 1.10(0.78, 1.51) 1.02 (0.71, 1.4)
1.30(1.02,1.73) 1.16 (0.81, 1.64) 1.08 (0.75, 1.52) 1.06 (0.79, 1.44)
1.76 (1.52, 2.02) 1.58 (1.16, 1.98) 1.46 (1.06, 1.87) 1.43 (1.15,1.71) | 1.35(1.05, 1.65)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO:
vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect comparisons
between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Infliximab 5 mg and 10 mg pooled; vedolizumab 300 mg q8w and g4w pooled.

Table 4.9. Risk Ratios for Remission at the End of the Maintenance Phase in Biologic-Naive
Patients

VEDO Pooled*
1.17 (0.82, 1.78)
1.29 (0.89, 2.05) 1.11 (0.66, 1.87) IFX Pooled*
1.33(1.10, 1.67) 1.14 (0.72, 1.78) 1.03 (0.63, 1.58)
1.44 (1.03, 2.13) 1.23(0.75, 1.97) 1.11 (0.68, 1.78) 1.08 (0.73, 1.63)
2.14 (1.74, 2.58) 1.84 (1.21, 2.52) 1.66 (1.08, 2.31) 1.60 (1.20,2.04) | 1.48(1.07,1.97)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO:
vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect comparisons
between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Infliximab 5 mg and 10 mg pooled; vedolizumab 300 mg q8w and g4w pooled.

Endoscopic Improvement

One head-to-head and eight placebo-controlled RCTs measured the efficacy of TIMs in achieving
endoscopic improvement at the end of the maintenance phase in the biologic-naive population.
Compared to placebo, patients treated with adalimumab, golimumab, infliximab, tofacitinib, and
ustekinumab reported achieving higher rates of endoscopic improvement.61.6367.75.78,79,81,838587 p||
TIMs reported the rates of achieving endoscopic improvement at the end of maintenance, while the
PURSUIT-M and PURSUIT-J trials for golimumab used a stricter reporting criterion for maintaining
endoscopic improvement at both week 30 and week 54. As mentioned previously, an NMA was not
conducted for endoscopic improvement at the end of the maintenance phase.
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Biologic-Experienced

Induction Outcomes from Randomized Controlled Trials

e In the head-to-head VARSITY trial, vedolizumab had a higher rate of response compared
to adalimumab, although rates of remission were similar.

e In placebo-controlled trials, rates of response and remission were higher with tofacitinib
and ustekinumab compared to placebo but similar with adalimumab compared to
placebo. Evidence was mixed for vedolizumab, with one trial reporting higher rates of
response compared to placebo.

e The NMA showed tofacitinib, ustekinumab, and vedolizumab had higher rates of clinical
response and remission compared to placebo and adalimumab; adalimumab did not
statistically differ from placebo.

e The NMA showed tofacitinib and ustekinumab had higher rates of endoscopic
improvement; vedolizumab or adalimumab did not statistically differ from placebo.

Response and Remission

Seven of the included RCTs measured the efficacy of TIMs in achieving clinical response and
remission at the end of the induction phase (six to 14 weeks) in the biologic-experienced
population. One RCT was a head-to-head trial (vedolizumab vs. adalimumab) and six were placebo
controlled. Data were available for adalimumab, tofacitinib, ustekinumab, and vedolizumab, but
not for golimumab or infliximab.

Head-to-Head Trial

Vedolizumab versus Adalimumab

In the VARSITY head-to-head trial comparing the efficacy of vedolizumab and adalimumab,® the
rate of response was higher with vedolizumab compared to adalimumab at the end of induction
(55.7% vs. 32.1%, difference: 23.6; 95% ClI for difference: 8.5 to 38.7); however, the rates of
achieving remission did not statistically differ (Table 4.10).

Placebo-Controlled Trials
Adalimumab

In a single trial of adalimumab 160/80 mg versus placebo (ULTRA 2),”® there were no significant
differences in achieving clinical response or remission at the end of induction (Table 4.10).
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Tofacitinib

Two RCTs measured the efficacy of tofacitinib compared to placebo (OCTAVE 1 and OCTAVE 2).8! In
a pooled analysis of the two trials,*® tofacitinib 5 mg and 10 mg had higher rates compared to
placebo of clinical response (51% vs. 23.4%, p<0.0001) and remission (11.4% vs. 0.8%, p<0.01) at
the end of induction (Table 4.10).

Ustekinumab

In the one RCT of ustekinumab versus placebo, ustekinumab 6 mg/kg had higher rates compared to
placebo of clinical response (57.2% vs. 27.3%, p<0.001) and remission (12.7% vs. 1.2%, p<0.001) at
the end of induction (Table 4.10).8°

Vedolizumab

Two RCTs measured the efficacy of vedolizumab compared to placebo.?>®” In one RCT, vedolizumab
300 mg had higher rates compared to placebo of clinical response (39.0% vs. 20.6%, difference:
18.1, 95% ClI for difference: 2.8 to 33.5) but not remission at the end of induction,®! and the other
RCT found no difference in clinical response and remission rates (Motoya 2019) (Table 4.10).%” As
previously noted, Motoya and colleagues describe several treatment group imbalances that may
have contributed to unusually high placebo response and remission rates.

Table 4.10. Response and Remission Rates at the End of Induction in the Biologic-Experienced
Population®67.78:81,83,85

- | Response | Remission |

79  VEDO 300 mg 55.7 Diff. (95% Cl): 22.8 Diff. (95% Cl):
VARSITY 14

81 ADA 160/80 mg  32.1 23.6 (8.5, 38.7) 12.3 10.3 (-1.5, 22.2)

98 ADA 160/80 mg  36.7 NS 9.2 NS
ULTRA 2 8

101 PBO 28.7 - 6.9 -
OCTAVE 1 & 2 5 465 TOF 10 mg 51.0 p<0.0001 114 p<0.01
(Pooled) 124 PBO 23.4 -- 0.8 =

5 166 UST 6 mg/kg 57.2 p<0.001 12.7 p<0.001

161 PBO 27.3 -- 1.2 --

82 VEDO 300 mg 39.0 Diff. (95% Cl): 9.8 Diff. (95% Cl):
GEMINI 1 6

63 PBO 20.6 18.1 (2.8, 33.5) 3.2 7.0 (-1.3, 15.2)

85 VEDO 300 mg 27.1 Diff. (95% Cl): 9.4 Diff. (95% Cl):
Motoya 2019 10

41 PBO 29.3 -2.2(-19.0,41.6) 9.8 -0.3 (-11.3, 10.7)

ADA: adalimumab, CI: confidence interval, GOL: golimumab, IFX: infliximab, kg: kilogram, mg: milligram, NS: not
specified, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab
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Network Meta-Analysis

All seven RCTs were included in the NMA. Results from our NMA showed tofacitinib, ustekinumab,
and vedolizumab were more likely to achieve clinical response and remission compared to placebo;
there were no statistical differences between adalimumab and placebo (Table 4.11 and Table 4.12).
Additionally, tofacitinib, ustekinumab, and vedolizumab were more likely to achieve clinical
response and remission compared to adalimumab.

Table 4.11. Risk Ratios for Response at the End of the Induction Phase in Biologic-Experienced
Patients

1.01(0.77, 1.33)
1.32(0.97, 1.87) 1.31(0.96, 1.84)
2.01(1.39, 3.13) 2.00 (1.36, 3.08) 1.53 (1.11, 2.15)
2.11 (1.71, 2.62) 2.11 (1.68, 2.60) 1.61 (1.20, 2.05) 1.05 (0.71, 1.46)
ADA: adalimumab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect

comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.

Table 4.12. Risk Ratios for Remission at the End of the Induction Phase in Biologic-Experienced
Patients

1.02 (0.58, 1.82)
1.75 (0.94, 3.45) 1.74 (0.92, 3.38)
3.82 (1.88, 8.49) 3.75 (1.80, 8.08) 2.18 (1.22, 3.95)
4.13 (2.71, 6.26) 4.10 (2.62, 6.18) 2.38 (1.38, 3.80) 1.09 (0.57, 1.97)
ADA: adalimumab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect

comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.

Endoscopic Improvement

Six of the included placebo-controlled RCTs measured the efficacy of TIMs in achieving endoscopic
improvement at the end of the induction phase in the biologic-experienced population,6%67.7881,83
Data were available for adalimumab, tofacitinib, ustekinumab, and vedolizumab. Higher rates of
endoscopic improvement compared to placebo were achieved with tofacitinib (22.0% vs. 6.1%,
p<0.001) and ustekinumab (21.1% vs. 6.8%, p<0.01).

Network Meta-Analysis

All six RCTs were included in the NMA. Results from our NMA showed that patients treated with
tofacitinib and ustekinumab were more likely to achieve endoscopic improvement compared to
placebo. Similarly, tofacitinib and ustekinumab were also more likely to achieve endoscopic
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improvement than vedolizumab and adalimumab. We note, however, that credible intervals are
particularly wide for this analysis, in large part due to the sparseness of the network and relatively
smaller sample size of the biologic-experienced population included in these trials.

Table 4.13. Risk Ratios for Endoscopic Improvement at the End of the Induction Phase in Biologic-
Experienced Patients

1.22 (0.48, 3.30)
3.24 (1.50, 7.84) 2.65 (1.25, 5.93)
3.60 (1.64, 8.85) 2.94 (1.37, 6.70) 1.11 (0.60, 2.07)
3.92 (2.09, 8.65) 3.21 (1.75, 6.46) 1.21(0.81, 1.89) 1.1(0.70, 1.73)
ADA: adalimumab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect

comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.

Maintenance Outcomes in Randomized Controlled Trials

e In the head-to-head VARSITY trial, the rate of clinical remission was similar with
vedolizumab and adalimumab.

e In placebo-controlled trials, rates of response and remission were higher with
adalimumab, tofacitinib, and ustekinumab. Evidence was mixed for vedolizumab, with
two trials reporting higher rates of remission compared to placebo.

o The NMA showed all TIMs had higher rates of response and remission compared to
placebo. No differences among TIMs were observed.

Response and Remission

Seven RCTs measured the efficacy of TIMs in maintaining clinical response and remission in the
biologic-experienced population. Six of the RCTs were placebo controlled, and one RCT was head-
to-head (VARSITY).82 Data was available for adalimumab, tofacitinib, ustekinumab, and
vedolizumab, but not for golimumab or infliximab.

Two of the trials had a treat-through design (ULTRA 2 and VARSITY)”88 and five had re-randomized
designs (GEMINI 1, Motoya 2019, VISIBLE 1, OCTAVE SUSTAIN, and UNIFI),61,67.77.81,85

In the section that follows, we describe results for the key outcomes in the biologic-experienced
population as reported in the published trials. As discussed earlier, we adjusted the rates from the
treat-through trials to more closely resemble results from re-randomized trials to enable
comparisons in our NMA. Additionally, for some re-randomized trials, we preferred manufacturer-
submitted inputs or other published secondary outcomes over the results described below, as they
provided us with more comparable outcomes for our NMA (e.g., response at end of maintenance

©Institute for Clinical and Economic Review, 2020 Page 46
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




vs. response through the end of maintenance). For more details on the inputs used in the NMAs,
refer to Appendix F.

Published Results from Treat-Through Trials
Head-to-Head Trial

Vedolizumab versus Adalimumab

In the VARSITY head-to-head trial, the rates of remission were similar with vedolizumab 300 mg
every eight weeks and adalimumab 40 mg at week 52 (Table 4.14).83

Placebo-Controlled Trials
Adalimumab

Adalimumab 40 mg had higher rates of response and remission at the end of maintenance
compared to placebo at week 52 in ULTRA 2 (Table 4.14).78

Table 4.14. Response and Remission Rates Among all Patients in the Treat-Through Trials in

Biologic-Experienced Patients’%53

TI Response m

VEDO 300 mg q8w 20.3 Diff. (95% Cl):
VARSITY NR
81 ADA 40 mg 16.0 4.2 (-7.8, 16.5)

98 ADA 40 mg 20.4 0.038 10.2 p=0.039
ULTRA 2 52
101 PBO 9.9 = 3.0 =

ADA: adalimumab, Cl: confidence interval, mg: milligram, NR: not reported, PBO: placebo, q8w: every 8 weeks,
VEDO: vedolizumab

Published Results from Re-Randomized Trials
Placebo-Controlled Trials
Tofacitinib

Tofacitinib 5 mg and 10 mg had higher rates of response and remission at week 52 compared to
placebo in OCTAVE SUSTAIN (Table 4.15).°¢

Ustekinumab

Ustekinumab 90 mg had higher rates of response through week 52 and remission at week 52
compared to placebo in UNIFI (Table 4.15).34
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Vedolizumab

Vedolizumab 300 mg every eight weeks had higher rates of remission compared to placebo in
GEMINI 1 and Motoya 2019 and had higher rates of response compared to placebo in GEMINI 1 but
not in Motoya 2019.5%67 Additionally, vedolizumab 300 mg every four weeks had significantly
higher rates of response and remission compared to placebo in GEMINI 1. In VISIBLE 1, rates of
remission were numerically higher with vedolizumab compared to placebo, although the
significance of the difference was not reported (Table 4.15).””

Table 4.15. Response and Remission Rates in Re-Randomized Trials in Biologic-Experienced
Patients>661,67,77,84

- | Response | Remission |

OCTAVE TOF 5 mg 83 44.6 p<0.0001 24.1 p<0.05
52 TOF 10 mg 93 59.1 p<0.0001 36.6 p<0.0001
SUSTAIN
PBO 89 14.6 -- 11.2 --
UST 90 mg q8w 91 64.8 39.6
52 p<0.001 p<0.001
PBO 88 38.6 17.0
Diff. (95% Cl): Diff. (95% Cl):
VEDO 300 mg g4w 43 42.5 35.0
25.9 (5.8, 45.9) 31.3 (13.2, 49.3)
GEMINI1 [B:yi Diff. (95% Cl): Diff. (95% Cl):
VEDO 300 mg q8w 40 46.5 37.2
26.8 (7.4, 46.2) 27.8 (10.6, 45.0)
PBO 38 15.8 -- 53 =
Motoya e VEDO 300 mg q8w 17 64.7 Diff. (95% Cl): 58.8 Diff. (95% Cl):
2019 PBO 14 35.7 29.0 (-4.9, 62.8) 21.4 37.4 (5.6, 69.2)
VEDO 300 mg q8w 22 27.3
VISIBLE1 [y NR NR
PBO 19 53

Cl: confidence interval, mg: milligram, N: number, NR: not reported, PBO: placebo, g4w: every 4 weeks, q8w: every
8 weeks, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Network Meta-Analysis

All seven RCTs were included in the NMA. All TIMs were more likely to achieve clinical response
and remission compared to placebo. Specifically, TIMs were 1.9 to 2.4 times more likely to achieve
clinical response compared to placebo (Table 4.16), and 2.5 to 3.5 times more likely to achieve
remission compared to placebo (Table 4.17). No other statistical differences among TIMs were
observed.
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Table 4.16. Risk Ratios for Clinical Response at the End of the Maintenance Phase in Biologic-
Experienced Patients

VEDO Pooled*
1.12 (0.87, 1.55)
1.25(0.88, 1.86) 1.11(0.72,1.72)
1.26 (0.88, 1.90) 1.12 (0.70, 1.75) 1.00 (0.63, 1.61) TOF Pooled*
2.40 (1.87, 3.00) 2.14 (1.48, 2.89) 1.92 (1.34, 2.55) 1.92 (1.32, 2.55)
ADA: adalimumab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect

comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Tofacitinib 5 and 10 mg pooled; vedolizumab 300 mg q8w and g4w pooled.

Table 4.17. Risk Ratios for Clinical Remission at the End of the Maintenance Phase in Biologic-
Experienced Patients

VEDO Pooled*
1.19 (0.80, 1.94)
1.41 (0.83, 2.5) 1.17 (0.62, 2.27)
1.41(0.82, 2.59) 1.18 (0.60, 2.31) 1.01(0.51, 1.98) TOF Pooled*
3.48 (2.43, 5.03) 2.91(1.72, 4.65) 2.49 (1.49, 3.82) 2.49 (1.46, 3.79)
ADA: adalimumab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Each box represents the estimated risk ratios and 95% credible interval for the combined direct and indirect

comparisons between two drugs. Estimates in bold signify that the 95% credible interval does not contain 1.
*Tofacitinib 5 and 10 mg pooled; vedolizumab 300 mg q8w and g4w pooled.

Endoscopic Improvement

Five of the included placebo-controlled RCTs and one head-to-head trial measured the efficacy of
TIMs in achieving endoscopic improvement at the end of the maintenance phase in the biologic-
experienced population. Data stratified by prior biologic exposure were available for adalimumab,
tofacitinib, ustekinumab, and vedolizumab. Higher rates of endoscopic improvement were
reported with tofacitinib 5 mg and 10 mg (30.1% and 39.8% vs. 12.4% for placebo, p<0.01 and
<0.001, for both comparisons), ustekinumab (45.1% vs. 22.7%, p<0.001), and vedolizumab (44.6%
vs. 7.9%, difference: 34.9; 95% Cl for difference: 17.1 to 52.8). Differences were not statistically
significant in the ULTRA 2 trial of adalimumab.

Other Outcomes

Delayed Responders

As noted previously, some patients may respond to induction therapy after FDA-mandated
timepoints for clinical trials. We sought evidence on delayed response from all available RCTs and
observational studies, and identified data for adalimumab, tofacitinib, and vedolizumab on an
overall basis (i.e., not stratified by prior biologic use). Delayed response stratified by prior biologic
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use was available for golimumab, tofacitinib, and ustekinumab. Data are summarized in Appendix
Table D7. Overall, with vedolizumab, 39% of induction non-responders achieved delayed response
by week 14, based on data from GEMINI 1.4° With tofacitinib, 50.1% of induction non-responders
achieved delayed response, of which 13.9% achieved remission by week 16, based on the combined
data for OCTAVE 1 and 2.9 Among adalimumab recipients in ULTRA 2, 4.1% achieved delayed
remission (data were not available for delayed response).”®

When stratified by prior biologic exposure, among biologic-experienced ustekinumab induction
non-responders in the UNIFI trial, 43.1% and 1.7% achieved delayed response and remission
respectively by week 16. Additionally, in biologic-naive populations, delayed response (79.1%) and
remission (18.6%) was achieved with ustekinumab at week 16.>> Further, among biologic-
experienced tofacitinib induction non-responders, 42.6% and 39.7% achieved delayed response and
remission. Among biologic-naive induction non-responders with tofacitinib, 56.2% and 18.8%
achieved response and remission.%’ A total of 28.1% of golimumab induction non-responders (all
biologic-naive) achieved response at the end of week 16 in PURSUIT-SC.>*

Corticosteroid-Free Remission

Concomitant corticosteroid use at baseline was permitted across the trials and the dose remained
unaltered through the induction phase. The use of corticosteroids was then tapered, and
corticosteroid-free remission was assessed at the end of the maintenance phase. Overall, one
head-to-head and nine placebo-controlled trials reported corticosteroid-free remission, with six
trials reporting corticosteroid-free remission stratified by prior biologic exposure (see Appendix
Table D10 for details). Inthe VARSITY trial, a numerically higher proportion of patients treated with
adalimumab achieved corticosteroid-free remission relative to vedolizumab, but the results were
not statistically significant.®3 Further, corticosteroid-free remission was higher with tofacitinib (both
5 mg and 10 mg) in the overall population as compared to placebo (27.6% vs. 10.9, p=0.003).8!
Findings were similar when stratified by prior biologic use. In the placebo-controlled trials, a higher
proportion of biologic-naive patients achieved corticosteroid-free remission at the end of
maintenance when treated with infliximab 5 mg (25.7% vs. 8.9%; p=0.006), vedolizumab (44.6% vs.
18.6%,; difference: 26.3; 95% Cl: 8.7 to 43.9), and ustekinumab (37.4 vs. 15.9, p<0.001). A higher
proportion of biologic-experienced patients achieved corticosteroid-free remission at the end of
maintenance when treated with tofacitinib (27.6% vs. 10.9%, p=0.002), vedolizumab (26.7% vs.
4.3%; difference: 21.3; 95% Cl: 1.7-40.8), and ustekinumab (49.4 vs. 32.1, p=0.03).6%7585

Ulcerative Colitis-Related Hospitalization and Surgeries

The rates of UC-related hospitalizations and surgeries were not commonly reported in trials
included in this review. Where available, results were reported in the overall population and not
stratified by biologic-naive and biologic-experienced. Data were available from the head-to-head
VARSITY trial and placebo-controlled trials of adalimumab, infliximab, and ustekinumab. In the

©Institute for Clinical and Economic Review, 2020 Page 50
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




VARSITY trial, the rates of UC-related hospitalizations and procedures were slightly numerically
higher for adalimumab compared to vedolizumab at week 52 (5.2% vs. 3.9% for hospitalizations and
2.1% vs. 1.8% for procedures); these rates were not compared statistically.2® The rates of UC-
related hospitalizations were lower with adalimumab compared to placebo (incidence ratio [IR]:
0.12 vs. 0.22, p=0.002)°7 and with infliximab compared to placebo (20 vs. 40 events per 100 patient
years [PY], p=0.003).7® In UNIFI, the rates of UC-related hospitalizations were numerically lower for
ustekinumab 90 mg every eight weeks compared to placebo (1.7% vs. 5.7%); these rates were not
statistically compared.?> The rates of UC-related procedures were lower with infliximab compared
to placebo (21 vs. 34 events per 100 PY, p=0.03, respectively).”® However, there was no difference
in colectomy rates between adalimumab and placebo (IR: 0.04 vs. 0.05, p-value: NR).>” In UNIFI, the
rates of surgeries were numerically higher with placebo compared to ustekinumab 90 mg every
eight weeks at week 52 (1.7% vs. 0.6%); these rates were not statistically compared.®>

Quality of Life

Trials measured health-related quality of life using various measures including the IBDQ, the SF-36,
and the EQ-5D. In general, results were presented on an overall basis alone; stratified findings for
the biologic-naive and biologic-experienced populations are reported where available.

Inflammatory Bowel Disease Questionnaire

As described previously, an MCID on the IBDQ has not been established in UC. However, a 16-point
or better improvement from baseline is used in Crohn’s disease, and a 170-point or better score is
also indicative of Crohn’s remission. These thresholds have been used in available UC trials. Rates
of achieving a change 216 points (“IBDQ response”) or a score 2170 points (“IBDQ remission”) at the
end of maintenance were reported for VARSITY and placebo-controlled trials of adalimumab,
golimumab, tofacitinib, ustekinumab, and vedolizumab.>863.7882,83,87,98

In the VARSITY head-to-head trial, the rates of achieving “IBDQ response” and “IBDQ remission”
were higher with vedolizumab 300 mg compared to adalimumab 40 mg at the end of maintenance.
In the placebo-controlled trials, adalimumab, golimumab, tofacitinib, and ustekinumab had higher
rates of IBDQ response compared to placebo. Additionally, patients treated with tofacitinib,
ustekinumab, and vedolizumab achieved higher rates of IBDQ remission compared to placebo at the
end of the maintenance phase. Finally, stratification by prior biologic exposure was available for
adalimumab and higher rates of IBDQ response were reported among biologic-naive patients but
not biologic-experienced patients. A summary of relevant results can be found in Appendix Tables
D8 and D11.

36-Item Short Form Survey

SF-36 was assessed in the placebo-controlled trials of infliximab, tofacitinib, and vedolizumab
stratified by prior biologic exposure. The trials reported improvement in the quality of life by MCID
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thresholds and mean component summary scores. As described previously, MCID for the SF-36 PCS
and MCS summary scores ranged from 1.6 to 7.0 and 2.3 to 8.7, respectively, depending on the
approach.* However, the MCID threshold on the SF-36 has not been established in UC; the MCID
thresholds ranged from 3 to 5 points in the included trials. A higher proportion of patients achieved
>3-point MCID for both physical and mental component scores with infliximab compared to placebo
(PCS: 59.1% vs. 40.6%; MCS: 50% vs. 34%; p<0.05 for both comparisons) and >5-point (PCS: 49% vs.
32.4%; MCS: 43% vs. 29.9%; p<0.05 for both comparisons) improvement.>® Similarly, higher
proportions of patients were reported to have achieved 25-point improvements on the physical
component score with vedolizumab every eight weeks compared to placebo (65% vs. 48%).°8

Further, among the biologic-naive population, significant improvements in mean PCS and MCS
patients were reported with infliximab, tofacitinib, and vedolizumab, compared to placebo at the
end of induction and maintenance phases.>>°%%8 Additionally, in the biologic-experienced
population, statistically significant improvement in PCS and MCS scores was reported with
tofacitinib compared to placebo.%® A summary of relevant results can be found in Appendix Tables
D9 and D12.

EuroQol-5D

EQ-5D results were reported in vedolizumab trials (GEMINI 1 and VISIBLE 1).5%77 The EQ-5D results
were reported as the differences in mean scores between vedolizumab and placebo for the utility
index and MCID for the VAS. While an MCID threshold has not been established in UC, a change of
210 in the MCID score was used as the threshold in the GEMINI 1 trial as per the MCID estimates
ranging from 4.2-14.8 established for Crohn’s disease.'* In biologic-naive patients, significant
differences in the EQ-5D VAS (10.6, 95% Cl: 4.9-16.3) and utility scores (0.062, 95% Cl: 0.003-0.120)
were reported in the vedolizumab treated group compared to placebo at the end of the
maintenance phase.”® Similar results were reported for EQ-5D VAS in the vedolizumab IV group in
the VISIBLE 1 trial (LS mean difference: 13.1, 95% Cl: 5.5-20.8), compared to placebo.”’

Work Productivity and Activity Impairment

Three trials assessed work productivity among patients living with UC using the WPAI-UC
questionnaire at the end of induction.8>8> Work productivity in the trials was reported as the mean
percent change from baseline, at the end of induction and maintenance, for the overall population.
MCID thresholds for UC were not reported. At the end of induction, patients treated with
tofacitinib and ustekinumab were associated with statistically significant reductions in work-related
impairments.

At the end of the maintenance phase, statistically significant improvements with tofacitinib 5 mg
and 10 mg, ustekinumab, and vedolizumab were reported for some or all components of the WPAI
relative to placebo (see Appendix, Tables D13 and D14 for details). Improvements achieved at the
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end of induction were consistent through the end of maintenance. However, the WPAI-UC score of
patients in the placebo group for all four domains worsened (increased) at the end of the
maintenance phase.

Special Populations

Pediatric Population

The efficacy and safety of TIMs for UC have not been studied widely in children and adolescents.
Among the TIMs of interest for our review, only infliximab has been approved by the FDA for use
among patients ages <18 years. Only one Phase lll, open-label RCT evaluating the efficacy and
safety of infliximab in both induction (open-label) and maintenance phases was identified; this was,
in fact, a comparison of multiple doses of infliximab with no placebo or active comparator.?® No
other RCTs or comparative observational studies were identified based on the inclusion criteria for
our review, including the intervention of interest, outcomes of interest, and minimum sample size
(n>20) requirement for the UC cohort.

The patient population was six to 17 years old living with moderate-to-severe UC, with a median
PUCAI of 55 and a median Mayo Score of 8.0. The patients received infliximab open-label dosing of
5 mg/kg, before being randomized equally based on the response at week eight to one of the two
infliximab regimens (i.e., infliximab 5 mg/kg every eight weeks or every 12 weeks). Across
treatment groups, the mean age was 15 years, was primarily female, and had a mean disease
duration of one to two years. Patients were also required to have prior experience with at least one
conventional agent (including aminosalicylates, azathioprine, mercaptopurine, or oral or IV
corticosteroids).

All the enrolled patients received an open-label induction regimen of infliximab 5 mg/kg. At week
eight, the clinical response defined by Mayo Score was achieved by 73.3% (44 of 60 patients).
Clinical remission at week eight was achieved by 40% (24 of 60) and 33.3% (17 of 51) of patients
based on Mayo Score and PUCAI, respectively. Remission was maintained at comparable levels at
weeks 30 and 54 among patients in the every-eight-week group at rates that were numerically
higher than those in the every-12-week group.

Of all the treated patients in this RCT, 95% experienced more than one adverse event. The number
of patients experiencing at least one serious adverse event was similar in both infliximab every-
eight-week and every-12-week arms: 18.2% (4/22) and 21.7% (5/23), respectively. More than half
of patients treated with infliximab reported the occurrence at least one infection (51.7%).

Geriatric Population

Geriatric patients with IBD (UC and Crohn's disease) can be divided into two groups: patients with
long-standing disease (i.e., first diagnosis at a younger age) and patients with a late onset of
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disease.?>1% The symptoms of disease activity including abdominal pain, fecal urgency, and rectal
bleeding are largely similar to those of younger patients.1°%1°2 While the prevalence of UC in elderly
populations has been increasing steadily, the availability of evidence is very limited in elderly
patients as compared to younger patient populations. Most published trials do not report
outcomes stratified by age (>65 years). Only two trials included in this review reported subgroup
analyses stratified by age group, one head-to-head trial®® and one placebo-controlled trial (GEMINI
1).103

In GEMINI 1, of the total randomized population (n=895), only 15 patients ages 65 years or older
were included. At the end of maintenance, one patient in each of the vedolizumab every-eight-
week and placebo arms and two patients in vedolizumab every-four-week arm achieved clinical
remission. Further, in VARSITY,® of the total randomized patients (n=769), a total of 19 patients
over the age of 65 years were randomized to the vedolizumab group only. At the end of
maintenance, 26.3% of these patients achieved clinical remission, with 42.1% achieving endoscopic
improvement. Among the five elderly patients receiving corticosteroids at baseline, only one
patient achieved corticosteroid-free remission.

Extraintestinal Manifestations

Systemic EIMs can affect other organ systems (including dermatological, hepatopancreatobiliary,
ocular, oral, and musculoskeletal) and occur independently of colon-related disease activity.
Despite the increased interest in assessing the role of TIMs in the effective management of EIMs,
the evidence base for the effects of treatment on these outcomes is very limited. Further, we did
not identify any trials that addressed a subgroup defined by the presence of EIMs.

Comparative Observational Studies

Seven comparative observational studies met our inclusion criteria (sample size 2500 in adults) and
were deemed to be of high quality. All studies included at least 500 UC patients (before propensity-
score matching), presented results from analyses adjusted for disease characteristics, and generally
had similar follow-up across groups. The key study characteristics are listed in Table 4.18. Six of the
studies had a retrospective study design,’®9%°4 and one was prospective.”® Five studies compared
originator TIMs to each other,?%°%%4 one study compared the infliximab originator to an infliximab
biosimilar (infliximab-dyyb; CT-P13),°2 and one study compared infliximab to conventional
therapy.?® Six studies primarily assessed effectiveness endpoints,?*°2°* and one study focused on
safety.”3
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Table 4.18. Key Characteristics and Design of Included Comparative Observational Studies®®-%

Sandborn
2016
Singh
2017

Dubinsky
2018

Long
2019

Meyer
2019

Panes
2019

ADA: adalimumab, AE: adverse event, CD: Crohn's disease, EIM: extraintestinal manifestation, GOL: golimumab,

Retrospective
chart review

A propensity-
matched

retrospective
registry study

A propensity-
matched
database study
(Optum)

Retrospective
database study
(Truven)

Retrospective
database study
(1BM)

Retrospective
database study
(administrative
claims)

Prospective
registry study
(OPUS)

us

Denmark

us

us

us

France

Multi-
national

o N=804

® >18 years with moderate-
to-severe UC

o TNF-naive

o N=1,719 (before matching);
275 (after matching)

e >15 years with UC

o Biologic-naive

o N=1,400 (before matching);
816 after matching

® >18 years with UC

e Had not received biologic
therapy in prior 12 months

e N=26,505

® >18 years with IBD (CD,
n=18,055; UC, n=8,450)

o TNF-naive

o N=3,562

e >18 years with UC

e Had not received biologic
therapy in prior 12 months

o N=3,122
e >15 years with UC
o [FX-naive

e N=2,239

e >18 years with moderate-
to-severe UC

o |FX-naive or IFX-free for
>90 days

ADA vs. IFX

ADA vs. IFX

ADA vs. IFX

VEDO vs.
TNFs

ADA vs. IFX
vs. GOL vs.
VEDO vs.
IMM therapy

IFX vs. IFX-
dyyb

IFX vs.
conventional
therapy

Study Population __Comparison | ___ Outcomes |

o Partial Mayo Score
e Remission

o Hospitalizations
e Colectomy

o Steroid use

e Serious infections

o Hospitalizations
e Colectomy

o Steroid use

e Serious infections

o Rate of newly
diagnosed EIMs

® Remaining steroid
free
e Hospitalizations

e Composite
endpoint (death,
UC-related surgery,
all-cause
hospitalization, or
reimbursement of
another TIM)

e Serious infections

e AEs including
serious infection

IBD: inflammatory bowel disease, IFX: infliximab, IMM: immunomodulator, N: number, OPUS: Observational Post-

Marketing Ulcerative Colitis Study, TIM: targeted immune modulator, TNF: tumor necrosis factor, UC: ulcerative
colitis, US: United States, VEDO: vedolizumab

One study compared the safety of infliximab and conventional therapy (Panes 2019).>® This study
was a prospective study, called the Observational Post-Marketing Ulcerative Colitis Study (OPUS), in
2,239 patients treated with infliximab (n=1,059) or conventional therapy (n=1,180). Patients were
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followed for up to five years. In the time-to-event analysis adjusted for multiple patient
characteristics, such as disease severity, infliximab was shown to have a significantly higher risk of
serious infections compared to conventional therapy (hazard ratio [HR]: 1.98; 95% Cl: 1.34 to 2.91).

In terms of retrospective studies, Singh 2017 and Singh 2016 were similarly designed retrospective,
propensity score-matched studies comparing adalimumab and infliximab on outcomes including
hospitalizations, colectomy, steroid use, and serious infections.>>®® Singh 2017 included 1,719
biologic-naive patients with UC. After propensity score matching based on variables including
demographic characteristics and disease severity, 275 patients were included in the analysis, 171 in
the infliximab group and 104 in the adalimumab group. Adalimumab was shown to have a higher
risk of all-cause hospitalizations compared to infliximab (HR: 1.84; 95% Cl: 1.18 to 2.85) and a trend
towards a higher risk of UC-related hospitalizations (HR: 1.71; 95% Cl: 0.95 to 3.07).%> Rates of
colectomy did not differ between the groups. Adalimumab had a higher risk of serious infections
requiring hospitalization compared to infliximab (HR: 5.11 95% Cl: 1.20 to 21.80).%> Singh 2016
included 1,400 patients with UC that had not been treated with a biologic in the previous 12
months. After propensity score matching, 816 patients were analyzed, 544 in the infliximab group,
and 272 in the adalimumab group. In contrast to the evaluation above, there were no differences
in the risk of all-cause hospitalizations, UC-related hospitalizations, steroid use, or serious
infections.%®

Sandborn 2016°* was a retrospective chart review of 804 TNF-naive adults with UC that compared
the effectiveness of adalimumab (n=380) and infliximab (n=424) in achieving remission, as
measured by partial Mayo Score. At six months, the rates of remission with adalimumab and
infliximab were similar (76.8% vs. 71.0%, respectively, no statistical differences). Additionally, in a
time-to-event analysis adjusted for multiple patient characteristics, such as disease severity, the
likelihood of remission was similar for adalimumab and infliximab (HR: 1.07; 95% Cl: 0.87 to 1.31).
Of note, the rates of clinical remission observed in this real-world study are higher than those
observed in RCTs. The authors suggest that higher rates of remission observed in this study could
be attributed to a number of factors; these factors include using the partial Mayo Score as opposed
to full the Mayo Score to measure remission, the inclusion of only biologic-naive patients, and
shorter disease duration at baseline (mean disease duration in this study was 4.4 to 4.8 years).

Long 2019°! was a retrospective database study in 3,562 adults with UC that compared the
effectiveness of adalimumab (n=1,291), golimumab (n=127), infliximab (n=810), and vedolizumab
(n=103); additionally, the TIMs were also compared to immunosuppressant therapy alone
(N=1,231) in unadjusted analyses. The proportions of patients remaining steroid-free and the
proportion of patients experiencing a UC-related hospitalization at 12 months are reported in Table
4.19. Results are shown for unadjusted analyses as well as analyses adjusted for multiple patient
characteristics, such as disease severity. The significance of the differences of the rates is only
reported in adjusted analyses; adalimumab was chosen as the reference cohort given its larger
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sample size. Additionally, the rates with immunosuppressant therapy are only reported in the
unadjusted analysis for remaining steroid-free. In the adjusted analysis, the proportion of patients
remaining steroid-free at 12 months was moderately higher for infliximab compared to adalimumab
(43.9% vs. 39.4%, p<0.05). In contrast, the adjusted proportion of patients with a UC-related
hospitalization was higher with infliximab compared to adalimumab (20.4% vs. 16.3%, p<0.05).

Table 4.19. Effectiveness Outcomes from Long 2019 at 12 Months**

Remaining Steroid-Free UC-Related Hospitalizations

Unadjusted Unadjusted
Treatment P Adjusted Analysis* PR Adjusted Analysis*
AnaIysns Analysis

% | % | pvaue | % | % | pValue

1,291 43.6 39.4 Reference 129 16.3 Reference
GOL 127 41.7 38.2 NS 8.7 10.5 NS

810 48.3 43.9 <0.05 18.3 20.4 <0.05
VEDO 103 46.6 41.4 NS 9.7 15.6 NS

1,231 52.7 NR NR NR NR

ADA: adalimumab, GOL: golimumab, IFX: infliximab, IMM: immunomodulator, N: number, NR: not reported, NS:
not specified, UC: ulcerative colitis, VEDO: vedolizumab
*Adjusted for patient characteristics, such as disease severity.

Dubinsky 2018°° was a retrospective database study of 26,505 TNF-naive adults with IBD (Crohn’s
disease, n=18,055; UC, n=8,450) conducted in the US. The study compared vedolizumab and TNF
inhibitors for incidence of EIMs. In patients with UC, there were no significant differences in the
rate of newly diagnosed EIMs between the vedolizumab group (n=554) and the TNF inhibitor group
(n=7,896) in an analysis adjusted for disease characteristics (incidence rate ratio [IRR]: 1.20, 95% ClI:
0.91 to 1.59). However, UC patients were reported to be 3.67 times more likely to develop
aphthous stomatitis with vedolizumab compared to TNF inhibitors (IRR, 3.67; 95% Cl, 1.30-10.34).

Meyer 2019%2 compared the infliximab originator product to an infliximab biosimilar (infliximab-
dyyb/CT-P13). This study was a retrospective database study in 3,122 infliximab-naive patients
treated with infliximab (n=1,434) or infliximab-dyyb (n=1,678). The main outcome was a composite
endpoint (death, UC-related surgery, all-cause hospitalization, or reimbursement of another TIM).
The cumulative incidence (95% Cl) of the composite endpoint was 43.0% (40.5-45.6) and 57.5%
(54.9-60.0) for infliximab at 12 and 24 months, respectively, compared to 45.1% (42.7-47.5) and
59.8% (57.5-62.1) for infliximab-dyyb; there were no differences between the two groups (p=0.20).
Regarding safety, results showed there were fewer serious infections with infliximab-dyyb
compared to infliximab (HR: 0.65; 95% Cl: 0.48 to 0.88).
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Harms

e Severe and serious adverse events were rare during the induction and maintenance
phases. Upper-respiratory tract infections and headaches were the most reported adverse
events across the TIMs. There was no indication of increased rates of serious infections,
tuberculosis, and mortality for any of the agents in available RCTs.

Randomized Controlled Trials

Data on adverse events and discontinuations due to adverse events as well as administration
reactions and infections observed in induction (see Appendix Table D15) and maintenance (see
Table 4.20) phases of the clinical trials have been summarized. Since safety data were not
consistently reported according to stratification by prior biologic exposure, we summarized these
data on the overall population.

Mortality rates across trials were low during both induction as well as maintenance phases. Overall,
one event was reported in PURSUIT-SC (0.3%), GEMINI (2.2%), OCTAVE 1 (0.2%), and UNIFI (0.3%)
during the induction phase. In the maintenance phase, the PURSUIT-M trial reported three (1.9%)
deaths. Of note, the label for tofacitinib was modified in July 2019 given the results from a long-
term clinical trial for safety in rheumatoid arthritis patients.® Modifications included warnings
related to thrombotic events (deep vein thrombosis, arterial thrombosis, and pulmonary embolism)
as well as cardiovascular mortality in patients receiving the 10 mg twice daily dose. We note that
the three TNF inhibitors (adalimumab, golimumab, and infliximab) as well as tofacitinib carry a black
box warning in their FDA labels for an increased risk of lymphomas and other malignancies, based
on clinical trials and real-world evidence for these TIMs when studied for other indications (e.g.,
rheumatoid arthritis).1®1% |n our evidence base for UC, overall rates of new malignancy were very
low (<3%) and no study in our sample indicated an increased risk for any TIM.

The most frequently reported adverse events across the placebo-controlled trials were mild
infections (e.g., upper respiratory tract infections), administration reactions, including injection site
reaction, headache, and nausea. In the induction trials, the rates of adverse events were low across
the trials. Analyses of the maintenance phase of ACT 1 indicated a higher proportion of patients
experiencing upper respiratory tract infections in the infliximab 10 mg/kg arm (23.8%) than in the
infliximab 5 mg/kg arm (16.5%), but rates were comparable to the placebo arm (23.1%). In the
VISIBLE 1 trial for vedolizumab, a higher proportion of patients experienced adverse events in the
placebo arm than the vedolizumab IV arm (32.1% vs. 11.1%).

The rates of serious infection, serious adverse events, and discontinuations due to adverse events
were generally low and comparable in the head-to-head trial comparing vedolizumab with
adalimumab. In placebo-controlled trials, the risk of severe or serious adverse events and serious
infections was low and generally comparable between the treatment and placebo groups. There
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was one report of tuberculosis in Suzuki 2014 (1.1%). There was no evidence on the increased risk
of serious infections in the placebo-controlled trials. In the infliximab trials, no serious infections
were reported for the placebo arms of the Asian trials (Jiang 2015, Kobayashi 2016, and
NCT01551290).°%64%> |n the PURSUIT-M trial, the rate of serious infections was marginally higher in
the golimumab treatment arms than the placebo arm (3.2% vs. 1.9%), but this was not statistically
tested.”® Further, the rates of new-onset autoimmune disease and demyelinating disease were low
across the trials.

Immunogenicity to TIM therapy (i.e., development of neutralizing antibodies) is a relatively
commonly identified effect that may negatively impact rates of response and/or remission.1%%11°
The development of neutralizing antibodies was reported in nine trials. Rates ranged tightly from 3-

6% at some point after the first infusion, with no one TIM showing significantly higher rates.®*”>
Long-Term Extensions of Randomized Controlled Trials

Most adverse events in the open-label extension studies were mild-to-moderate in severity. The
long-term safety data from the RCTs and open-label extension studies report low rates of serious
infections (see Appendix Table D15). Higher rates for discontinuations (249 per 110 PY), serious
adverse events (414 per 100 PY), and serious infections (79 per 100 PY) were reported in the ULTRA
2 adalimumab long-term trial, however. Furthermore, the FDA-label for tofacitinib was modified in
July 2019 given the results from the long-term clinical trial for safety in rheumatoid arthritis
patients.’%* In the OCTAVE open-label extension, all-cause mortality and pulmonary embolism were
reported in patients receiving treatment with tofacitinib 10 mg, with incidence rates of 1.15 and
0.49 per 100 PY, respectively. Additionally, an annual incidence rate of malignancy excluding
nonmelanoma skin cancer has been reported as 0.5 per 100-PY with tofacitinib. Finally, no long-
term studies have been conducted to assess the safety and efficacy of ustekinumab in UC patients.
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Table 4.20. Adverse Events During the Maintenance Phase

AE Overall Serious LLERELICH Antibodies
Trial Any AE Leading . . Injection Site URTI Headache
Infections | Infections . n/N (%)
to D/C Reaction

Head-to-Head
10 (2.6) 103 (23.4)
13 (3.4) 124 (34.6)

VEDO 300 mg
ADA 40 mg

383
386

240 (62.7)
267 (69.2)

42 (11.0)
53 (13.7)

7 (1.6)
8(2.2)

NR
NR

55 (12.5)
65 (18.1)

NR
NR

NR
NR

VARSITY

IFX 5 mg/kg 121  106(87.6) 26(21.5) 10(8.3) 53 (43.8) 3(2.5) 12 (9.9) 20(16.5) 22(18.2)  14/243
IFX 10 mg/kg 122 111(91.0) 29(23.8) 11(9.0) 60(59.2)  8(6.6) 15 (12.3) 29(23.8) 18(14.8) (5.8)
PBO 121  103(85.1) 31(25.6) 11(9.1)  47(38.8) 5(4.1) 13 (10.7) 28(23.1) 27(22.3) -
IFX 5 mg/kg 121 99 (81.8) 13(10.7) 2(1.7) 33(27.3) 2(2.5) 14 (11.6) 16 (13.2) 19(21.7)  12/241
IFX10 mg/kg 120 96 (80.0) 11(9.2) 5(4.2) 34 (28.3) 3(1.7) 14 (11.7) 14 (11.7) 26(15.7)  (5.0)
PBO 123 90(73.2) 24(19.5) 12(9.8) 29 (23.6) 1(0.8) 10 (8.1) 14 (11.4) 18 (14.6) -
IFX 5 mg/kg 41 17 (41.5) 3(7.3) 1(2.4) 6 (14.6) 1(2.4) 3(7.3) NR NR 2/40 (5.0)
PBO 41  16(39.0)  4(9.8) 2 (4.9) 5(12.2) 0 (0) 2 (4.9) NR NR -
Kobayashi IFX 5 mg/kg 104 100 (96.2) 18(17.3) 7(6.7) 62 (59.6) 1(1) 16 (15.4) NR NR NR
PBO 104 94 (90.4) 19 (18.3) 8(7.7) 51 (49.0) 2(1.9) 11 (10.6) NR NR -
IFX 5 mg/kg 50  33(66.0) 7(14.0)  4(8.0) 13 (26.0) 0(0) NR NR NR -
PBO 49  31(63.3)  4(8.2) 2 (4.1) 7 (14.3) 0 (0) NR NR NR -
Adalimumab
ADA 40 mg 257 213(82.8) 31(12.1) 23(8.9) 116(45.1) 4(1.6) 31(12.1) NR NR 7/245 (2.9)
PBO 260 218(83.8) 32(12.3) 34(13.1) 103(39.6) 5(1.9) 10 (3.8) NR NR -
PP LIZ  ADA 40 mg 177  538(547.9) 33(33.6) 22(13.4) 134(136.5) 8(8.1) 20 (20.4) NR NR 5/177 (2.8)
PBO 96  273(609.4) 14(31.3) 6(22.4) 70(156.3) 2(4.5) 4(8.9) NR NR -
GOL 100 mg 154  113(73.4) 22(14.3) 14(9.1) 60 (39.0) 5(3.2) 11 (7.1) 9(5.8) 12 (7.8) 32/1103
PURSUIT-M (2.9)
PBO 156 103 (66.0) 12(7.7) 10(6.4) 44 (28.2) 3(1.9) 3(1.9) 4(2.6) 14 (9.0) -
GOL100mg 31  31(96.9) 1(3.1) 0(0) 21 (65.6) NR 6(18.8) NR NR 4/63 (2.5)
PBO 32 22(71.0)  4(129) 1(3.2) 11 (35.5) NR 0(0) NR NR -
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AE Overall Serious LLERELICH Antibodies
Trial Any AE Leading . . Injection Site URTI Headache
Infections | Infections . n/N (%)
to D/C Reaction

Vedolizumab

VEDO 300 mg

122 100 (82.0) 10 (8.0) NR 87 (71.0) 3(2.0) 7 (5.7) 12 (9.8) NR NR

GEMINI 1 q8w

PBO 126 106 (84.0) 20 (16.0) NR 89 (71.0) 4 (3.0) 2 (1.6) 13(10.3) NR -

VEDO 300 mg 41 36 (87.8) 4 (9.8) 2 (4.9) NR 9(2.4) 0 (0) 3(7.3) 2(4.9) NR
Motoya 2019

PBO 42 33 (78.6) 3(7.1) 6 (14.3) NR 10 (2.4) 0(0) 1(2.4) 1(2.4) -

VEDO 300m

s 54 41 (75.6) 7 (13.0) 0 15 (27.8) NR 1(1.8) 2(3.7) 0 3/54 (6.0)

VISIBLE 1 q8w

PBO 56 43 (76.8) 6(10.7) 0 14 (25.0) NR 0 1(1.8) 6(10.7) --

Tofacitinib

e TOF 5 mg 198 143 (72.2) 10 (5.1) 9(5.2) 71 (35.9) 2 (1.0) NR NR 17 (8.6) NR
SUSTAIN TOF 10 mg 196 156 (79.6) 11 (5.6) 5(2.8) 78 (39.8) 1(0.5) NR NR 6(3.1) NR

PBO 198 149 (75.3) 13 (6.6) 20 (11.4) 48(24.2) 2 (1.0) NR NR 12 (6.1) -

23/505
UST 6 mg/kg 136 136 (77.3) 15 (8.5) 5(2.8) 86 (48.9) 3(1.7) 5(2.8) 16 (9.1) 18 (10.2) (4.6)
PBO 138 138 (78.9) 17 (9.7) 20(11.4) 81 (46.3) 4(2.3) 4(2.3) 8 (4.6) 12 (6.1) -

ADA: adalimumab, AE: adverse event, D/C: discontinuation, GOL: golimumab, I: induction, IFX: infliximab, kg: kilogram, M: maintenance, mg: milligram, NA: not
applicable, NR: not reported, PBO: placebo, PY: patient-year, g4w: every 4 weeks, q8w: every 8 weeks, SAE: serious adverse event, TOF: tofacitinib, URTI: upper
respiratory tract infection, UST: ustekinumab, VEDO: vedolizumab
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Controversies and Uncertainties

While the evidence for each TIM of focus in this review suggests a potential net health benefit in
comparison to conventional therapy among patients with moderate-to-severe UC, there are several
concerns with trial design and results as well as gaps in evidence that bear mention.

First and foremost, a single trial of the 19 RCTs identified included direct evidence comparing the
TIMs. Our comparisons were therefore driven almost exclusively by the conduct of NMAs. Our
NMAs were limited by several factors, including differences in the definitions of biologic-naive and
biologic-experienced populations. Likewise, the network of evidence was sparse for some of our
populations of interest (e.g., maintenance data in the biologic-experienced population), adding
uncertainty to our relative estimates of response and remission.

As noted by the Crohn’s and Colitis Foundation, there is currently very limited information with
which to ascertain the optimal sequence of treatment. Some insight can be gleaned from assessing
results for the biologic-naive and biologic-experienced populations, but the definition of
“experienced” varied across trials. In some cases, the focus was on failure to achieve response
alone, while in others, those achieving and losing response were also included. Still, other trials
focused on experience only with certain drug classes (e.g., TNF inhibitors). Finally, some agents
have no evidence in the populations of interest, posing challenges in the interpretation and
application of data. For example, clinicians mentioned great interest in the use of infliximab
following failure by vedolizumab, but there are no randomized data for this treatment sequence,
likely due to infliximab’s status as the first biologic agent approved for UC.

We note other differences in measurement in available trials. Some, for example, used central
endoscopy reading to inform Mayo Scores, while others allowed these readings to occur at study
sites. While variability in local readings is unlikely to have biased within-trial comparisons, the
impact on indirect comparisons in our NMA is less clear. We also had only partial Mayo Scores to
inform maintenance rates used in our NMA in the one head-to-head trial available. In addition,
substantial variation has been noted in definitions of endoscopic factors, histologic features, and
serum or fecal biomarkers across UC trials.!!?

As is often the case with chronic therapies for chronic inflammatory diseases, evidence of long-term
safety comes from the conduct of observational studies using large datasets. While such data exist
for the more established therapies in our set, there are limited to no long-term data on newer UC
therapies, such as tofacitinib, ustekinumab, and vedolizumab. We note, for example, that the FDA
recently changed the label for tofacitinib to allow use in UC only after initial TNF inhibitor therapy
and added boxed warnings for elevated risks of pulmonary embolism and all-cause mortality. But
these changes were based on observations in populations with rheumatoid arthritis, not UC.
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There are uncertainties around not only what has been measured in available UC studies but what
has not. Concerns were raised around the EIMs of the disease, but we found very little empiric data
on the frequency of these manifestations and, more importantly, the impact of treatment on them.
Other concerns raised by patients, such as chronic pain and fatigue as well as fecal urgency, have
gone largely unaddressed by available studies. Finally, even though a substantial proportion of
cases of UC are diagnosed in childhood and adolescence, there is essentially a complete absence of
robust comparative evidence to inform treatment strategies in this population. Only one of the
TIMs, infliximab, carries an FDA indication for treatment in patients age <18 years, and this comes
only on the strength of a dose-finding study without comparison to alternative TIMs or even to
conventional therapy. While there is no obvious reason to believe that TIMs would operate
differently in children and adolescents, the absence of comparative data among those most likely to
benefit from early intervention is nevertheless troubling.

4.4 Summary and Comment

As mentioned previously, we organized our review and synthesis of the evidence by a) prior biologic
use and b) use of therapy during the induction versus maintenance phases of treatment. However,
while clinical guideline statements also employ these strata in their reviews of the evidence,
recommendations are not specific to patient population or phase of treatment. For example, if a
therapy is recommended to induce remission, continued maintenance treatment with that therapy
is also recommended. In addition, FDA labeling and payer coverage policies (see Section 3) do not
make these distinctions.

Therefore, we produced a single set of evidence ratings for all therapy comparisons using the ICER
Evidence Rating Matrix, considering therapy performance across all strata. We note the few
instances in which our evidence ratings apply to a specific population due to FDA labeling or
evidentiary limitations. As mentioned earlier, there was only one head-to-head trial available in the
evidence base, so all remaining comparisons between TIMs were based on our assessment of their
benefits in placebo-controlled trials and observational studies as well as our NMAs. Further, safety
data were not consistently reported across studies and populations and were therefore not
guantitatively synthesized. Nevertheless, safety concerns identified in RCTs, open-label extension
studies, and observational or real-world evidence played a role in determining the evidence ratings
for each agent.

Note that we have opted to rate infliximab-dyyb and infliximab-abda, the two biosimilars to
infliximab, as “comparable” (“C”) to the originator product, and so the evidence ratings that follow
involve comparisons to infliximab as a single entity. This rating is based on the FDA’s determination
that the biosimilars are therapeutically equivalent in UC.

Finally, while there is no obvious reason to suggest that TIM performance would markedly differ in
children and adolescents versus adults, we note the complete lack of robust comparative evidence
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in pediatric populations for both between-TIM and placebo-controlled comparisons. The ratings

summarized below should, therefore, be considered relevant to adult populations only.

Figure 4.1. ICER Evidence Rating Matrix
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Comparative Net Health Benefit

A = “Superior” - High certainty of a substantial (moderate-large) net health benefit

B = “Incremental” - High certainty of a small net health benefit

C = “Comparable”- High certainty of a comparable net health benefit

D= “Negative”- High certainty of an inferior net health benefit

B+= “Incremental or Better” — Moderate certainty of a small or substantial net health benefit, with high
certainty of at least a small net health benefit

C+ = “Comparable or Incremental” - Moderate certainty of a comparable or small net health benefit, with
high certainty of at least a comparable net health benefit

C- = “Comparable or Inferior” — Moderate certainty that the net health benefit is either comparable or
inferior with high certainty of at best a comparable net heaith benefit

C++ = “Comparable or Better” - Moderate certainty of a comparable, small, or substantial net health
benefit, with high certainty of at least a comparable net health benefit

P/1 = “Promising but Inconclusive” - Moderate certainty of a small or substantial net health benefit, small
(but nonzero) likelihood of a negative net health benefit

1 = “Insufficient” — Any situation in which the level of certainty in the evidence is low
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Table 4.21. Summary of ICER Evidence Ratings

TIM

Infliximab biosimilars C
Placebo A*
Placebo A*
Tofacitinib Placebo B+t
All other TIMs Placebo A
Adalimumab B+
Adalimumab C+
Adalimumab C+*
Tofacitinib Adalimumab P/It
Vedolizumab Golimumab C+*

All other TIM |

Comparisons

TIM: targeted immune modulator
*Biologic-naive only.
TBiologic-experienced only.

Targeted Immune Modulators versus Placebo

Across populations stratified by prior biologic use and phase of treatment, the addition of TIMs to
conventional therapy consistently performed better than conventional therapy alone in RCTs. For
all placebo comparisons other than tofacitinib, we felt there was high certainty of a substantial net
benefit (an “A” rating), as no serious safety signals were evident from RCTs (note that this rating
applies to the biologic-naive population for golimumab and infliximab, given a lack of evidence in
biologic-experienced patients).

Given the recent black-box warnings regarding thrombosis and cardiovascular death for tofacitinib,
however, our certainty was only moderate. We judged the evidence to indicate a small or
substantial benefit (“B+”), given the uncertainty in how the benefits seen with tofacitinib would
trade-off against its risks. We further note that this rating is applicable to the biologic-experienced
population only given the recent FDA labeling changes.

Between Targeted Immune Modulator Comparisons

The only comparison between TIMs that involved direct head-to-head evidence is that of
vedolizumab versus adalimumab. The VARSITY study showed substantial and statistically significant
differences in remission, response, and other measures of health benefit in favor of vedolizumab.
These findings were generally bolstered by the addition of indirect evidence in our NMAs.

However, with only one head-to-head trial available, and variation in apparent effect size across the
four NMAs, we concluded that there was only moderate certainty of a small or substantial net
health benefit for vedolizumab in relation to adalimumab (“B+”).
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Other comparisons to adalimumab are based on indirect evidence only. We found the evidence
directionally consistent across the four populations for both infliximab (in biologic-naive patients
only) and ustekinumab to indicate a net health benefit that is at least comparable, and likely
incremental, relative to adalimumab (“C+”). While we generally concluded the same for tofacitinib
(in biologic-experienced patients only), the safety concerns associated with this agent resulted in a
“promising but inconclusive” (“P/1”) rating versus adalimumab.

In comparison of vedolizumab and golimumab (among biologic-naive patients only), NMA findings
were directionally in favor of vedolizumab for both induction and maintenance, with results
particularly robust for maintenance. We judged this evidence to suggest a net health benefit for
vedolizumab that was a least comparable, and likely incremental, relative to golimumab (“C+”).

For all other comparisons between TIMs, there was variability in the rankings between them across
our populations of interest, wide confidence intervals around the estimates of effect, or both.
Because of this variability, we judged all these comparisons to reflect “insufficient” (“1”) evidence of
a net health benefit.
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5. Long-Term Cost Effectiveness

5.1 Overview

A decision analytic model was developed for this evaluation, informed by key clinical trials and prior
relevant economic models, to estimate the cost effectiveness of TIMs for moderate-to-severe UC in
biologic-naive and biologic-experienced populations. The model compared all eight treatments to
each other and to conventional treatment. The base-case analysis took a health care sector
perspective (i.e., focused on direct medical care costs only), over a lifetime time horizon. Due to
uncertainty of treatment patterns over a lifetime time horizon, shorter time horizons of two, five,
and 10 years were explored as additional scenario analyses. The model was structured as a Markov
model with eight-week cycles, based on a common point of assessment in clinical trials to mark the
end of induction and beginning of maintenance treatment. Costs and outcomes were discounted at
3% per year.

The TIMs evaluated include:

e Adalimumab

e Golimumab

e Infliximab

o Infliximab-dyyb

e Infliximab-abda
e Tofacitinib

e Ustekinumab

e Vedolizumab (IV)

Model outcomes included total costs, life years (LYs), quality-adjusted life years (QALYs), and equal
value of life years gained (evLYG). Methods used to calculate evLYG can be found in Appendix E.!?

5.2 Methods

Model Structure

A Markov model was developed in Microsoft Excel 365 consisting of the health states of active UC,
clinical response without remission, clinical remission, post-colectomy (with and without
complications), and death (Figure 5.1). The model structure and health states were chosen based
on the disease course, the impact of treatment, and prior economic models in UC. Moderate-to-
severe UC patients enter the model at the beginning of induction for a TIM. At the end of
induction, patients with response (both with and without remission) continue to receive the TIM.
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Those without response or those who discontinue after initial response begin induction with a

second TIM. The second TIM is represented by a market basket of other treatment options except
the initial TIM, with different market baskets based on whether the initial TIM had a TNF inhibitor
mechanism of action or not. For those with an initial use of a TNF inhibitor, the market basket for

the subsequent TIM consisted of TIMs with other mechanisms of action and with data in a biologic-

experienced population. For those with initial use of non-TNF inhibitors, the market basket
consisted of all treatment options except the initial TIM with data in a biologic-experienced
population. At the end of induction with the second TIM, responders continue to receive the

second TIM. Patients who do not respond during the induction phase of the second TIM

discontinue treatment with TIMs and follow the transition probabilities of the conventional

treatment arm (e.g., corticosteroids, other systemic immunomodulators). A proportion of patients

in the active UC state are assumed to opt for colectomy during each cycle.

Patients remain in the model until death. All patients can transition to death from all causes from
any of the alive health states. In addition, patients can die from surgical complications of

colectomy.

Figure 5.1. Model Framework
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Target Population

The economic evaluation includes two target populations: 1) biologic-naive and 2) biologic-
experienced. These two groups are generally similar in age, gender, and weight but have been
shown to differ in clinical response to TIMs. The cost effectiveness and threshold prices will be
evaluated for both patient populations, with an eventual health benefit price benchmark weighted
by the estimated proportions of patients with and without prior biologic use. When TIM efficacy
data were not available for one of the populations or if a TIM was not labeled for use in a specific
population, the TIM was not assessed in that population.

Table 5.1. Baseline Population Characteristics

| | MeanAge | PercentMale |  Weight [  Source |
Biologic-Naive 40 years 59% 74.3 kg GEMINI 16%

Biologic-Experienced [RVEETS 59% 74.3 kg GEMINI 151
kg: kilogram

Treatment Strategies

The list of interventions was developed with input from patient organizations, clinicians,
manufacturers, and payers. The full list of interventions is as follows:

e Adalimumab

e Golimumab

e Infliximab

o Infliximab-dyyb

e Infliximab-abda

e Tofacitinib

e Ustekinumab

e Vedolizumab (IV)

e Conventional treatment (corticosteroids for induction followed by azathioprine or
mercaptopurine)

Key Model Characteristics and Assumptions
Below is a list of key model choices in the base-case analysis.

e Cycle length of eight weeks

e Lifetime time horizon

e Three percent annual discount rate for costs and outcomes

e Probability of achieving response without remission or response with remission at the end
of induction informed by the results of the ICER NMA
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e Given response at the end of induction, probability of being in clinical response without
remission or clinical remission at the end of maintenance is informed by the results of the
ICER NMA

e Patients remaining in active UC at the end of induction will discontinue the TIM and initiate
the next line of therapy

e Constant per-cycle rate of discontinuation based on RCTs

e Patients initiate up to two TIMs before discontinuing to conventional treatment

e Constant per-cycle probability of elective colectomy only from the active UC health state

e Health state utilities based on a published meta-analysis

e Direct health state costs, including hospitalization, emergency department visits, and
outpatient visits, based on published claims analysis

e Mortality based on US Life Tables, adjusted for elevated risk of mortality due to UC

e Model includes one-time risk of mortality associated with colectomy

e Costs and disutility of serious infection with TIMs and conventional treatment and
complications of colectomy are included

Our model includes several key assumptions stated in Table 5.2 on the following page.
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Table 5.2. Key Model Assumptions

Assumption Rationale

Conventional treatment is represented by the control
arm of RCTs.

In the real world and in controlled trials, background
conventional treatment is taken in addition to TIMs.

Patients cycle through two TIMs before discontinuing
to conventional treatment.

Multiple TIMs may be tried over a lifetime time
horizon; however, the focus of this evaluation is to
estimate the cost effectiveness of the initial choice of
TIM in a biologic-naive or biologic-experienced
population rather than entire treatment pathways.

Patients who discontinue conventional treatment
after two TIMs will follow the biologic-naive
transition probabilities for the biologic-naive
population.

Patients who discontinue conventional treatment
after two TIMs will follow the biologic-experienced
transition probabilities for the biologic-experienced
population.

The outcomes for conventional treatment differ
between biologic-naive and biologic-experienced
patients, with the latter population experiencing
worse outcomes. Patients who enter the model as
biologic-naive and are subsequently failed by TIMs are
now technically biologic-experienced. However, in
order to apply consistent long-term transitions for
patients in conventional treatment in each arm and
keep the focus on the initial TIM of interest, we
equalized the conventional treatment in the TIM-
treated arm and conventional treatment arm by
applying the biologic-naive conventional treatment
transition probabilities to both arms.

Choice of the second TIM is represented by a market
basket with distribution based on whether the initial
TIM was a TNF inhibitor, with efficacy, safety, and
cost informed by a weighted average of treatments
in the biologic-experienced population. Probabilities
for any given patient to receive any given therapy in
the market basket are assumed to be equal in the
absence of contemporary real-world data on
utilization patterns in the US.

Incomplete data exists on the efficacy of specific
treatment sequences; thus, the market basket
approach is taken to focus the analysis on the
intervention of interest.

Total lifetime probability of colectomy is capped
based on real-world observed rates.

Not all patients will opt for surgical intervention, even
if pharmacologic interventions are unsuccessful.

The transition probabilities for clinical response
without remission and clinical remission to
subsequent health states in the maintenance phase
are equal.

Data is only available for transitions from the end of
induction to the end of maintenance for response
(with and without remission) combined.

RCT: randomized controlled trial, TIM: targeted immune modulator, TNF: tumor necrosis factor, US: United States
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Model Inputs

Clinical Inputs

Efficacy and safety data were derived from the results of the ICER NMAs of RCTs of TIMs in
moderate-to-severe UC (one each for biologic-naive and biologic-experienced), with data from the
placebo arms used as a proxy for conventional treatment.

Clinical Probabilities/Response to Treatment

For each of the biologic-naive and biologic-experienced populations, a set of transition probabilities
was created based on the placebo group of the NMA for the induction phase (Cycle 1) and
maintenance phases (Cycles 2+). In the induction phase, we calculated the probability of achieving
response without remission and clinical remission at the end of induction. Conditional upon
achieving response entering the maintenance phase, we calculated the probability of achieving
clinical response without remission, clinical remission, or losing response at the end of
maintenance.

Table 5.3. Conventional Treatment Induction Outcomes

| Population | ActiveUC | Response | Remission | _Source |

Biologic-Naive 65% 26% 9% ICER NMA
Biologic-Experienced 74% 22% 4% ICER NMA
ICER: Institute for Clinical and Economic Review, NMA: network meta-analysis, UC: ulcerative colitis

Table 5.4. Conventional Treatment Maintenance Outcomes

Biologic-Naive | ActiveUC__ | Response | Remission | __ Source |

Clinical Remission 60% 14% 26% ICER NMA
Clinical Response without Remission [0 14% 26% ICER NMA

| Gilogicbrperienced | AciveUC | Response | Remission | _ Source |
73% 14% 13% ICER NMA
73% 14% 13% ICER NMA

ICER: Institute for Clinical and Economic Review, NMA: network meta-analysis, UC: ulcerative colitis
*Calculated based on the probability of clinical remission and clinical response without remission among placebo
non-responders at the end of maintenance.

Based on the results of the NMAs for the biologic-naive population and biologic-experienced
population, risk ratios for each TIM relative to placebo were calculated and applied to the
probability of achieving clinical response (with and without remission) with conventional treatment
(Table 5.5 through Table 5.8). The risk ratio for clinical response (with and without remission) at the
end of the maintenance for each TIM relative to placebo was applied to the probability of achieving
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clinical response (with and without remission) with conventional treatment. The probability of
maintaining response (with and without remission) at the end of the maintenance phase was then
converted to eight-week cycles. Due to data limitations, we were unable to calculate the risk ratio
for maintenance of response without remission specifically among those with response without
remission at the start of induction for all treatments. Therefore, the same risk ratio for clinical
remission and clinical response without remission at the end of maintenance was applied to
patients entering the maintenance phase, regardless of entering maintenance in the clinical
response without remission or clinical remission health states.

We also note that, consistent with findings from Section 4, we assumed that clinical performance
for infliximab biosimilars was identical to that of the originator product.

Table 5.5. Induction Risk Ratios for the Biologic-Naive Population

Clinical Response without Remission Clinical Remission

Placebo Reference Reference
Adalimumab 1.24 (1.13, 1.36) 1.76 (1.38, 2.19)
1.34(1.22, 1.50) 2.41 (1.89, 3.08)
1.39 (1.22, 1.58) 3.22 (2.60, 3.96)
Infliximab-dyyb 1.39(1.22, 1.58) 3.22 (2.60, 3.96)
1.39 (1.22, 1.58) 3.22 (2.60, 3.96)
1.36(1.21, 1.54) 2.66 (1.86, 3.73)
Vedolizumab 1.37 (1.23, 1.55) 2.79 (2.18, 3.58)

Table 5.6. Maintenance Risk Ratios for the Biologic-Naive Population

_ Response without Remission Response with Remission

Placebo Reference Reference

Adalimumab

Infliximab-dyyb

Infliximab-abda

Vedolizumab

©Institute for Clinical and Economic Review, 2020

1.10 (1.01, 1.19)
1.09 (1.00, 1.18)
1.09 (0.96, 1.20)
1.09 (0.96, 1.20)
1.09 (0.96, 1.20)
1.08 (0.91, 1.20)
1.05 (0.87, 1.20)

1.60 (1.2, 2.04)

1.48 (1.07, 1.97)
1.66 (1.08, 2.31)
1.66 (1.08, 2.31)
1.66 (1.08, 2.31)
1.84 (1.21, 2.52)
2.14 (1.74, 2.58)
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Table 5.7. Induction Risk Ratios for the Biologic-Experienced Population

| | Responsewithout Remission | Response with Remission |
Reference Reference

1.04 (0.74, 1.37) 1.09 (0.57, 1.97)

1.75 (1.49, 2.07) 4.10 (2.62, 6.18)
I 176 (150, 2.09) 4.13 (2.71, 6.26)

1.47 (1.17, 1.78) 2.38(1.38, 3.80)

Table 5.8. Maintenance Risk Ratios for the Biologic-Experienced Population

| | Responsewithout Remission | _Response with Remission |
Reference Reference

1.42 (1.20, 1.69) 2.91(1.72, 4.65)

1.40 (1.18, 1.64) 2.49 (1.46, 3.79)
I 120 (119, 1.65) 2.49 (1.49, 3.82)

1.47 (1.17, 1.78) 3.48 (2.43, 5.03)

Patients have a constant per-cycle risk of elective colectomy from the active UC health state. The

per-cycle probability of colectomy is based on a cumulative rate of 18.9% at 10 years (95% Cl, 14.4%
to 23.2%) from UC diagnosis observed from a cohort of UC patients in Olmstead County, Minnesota
from 1997 to 2004, converted to an annual probability of 2.1% (or 0.32% per eight-week cycle).3
This sample represents a cohort treated before TIMs entered the market, and may therefore be
reflective of surgery rates for patients on conventional treatment after discontinuation of TIMs.
Some patients may never opt for colectomy or are ineligible for the procedure. Therefore, the total
number of colectomy procedures was capped at 25.4% at 20 years (95% Cl, 19.8% to 30.8%) over
the lifetime time horizon based on the 20-year cumulative probability of colectomy in the Olmstead
County cohort.

Delayed Response/Extended Induction

Evidence exists for a few TIMs that some additional patients achieve response if the induction
period is extended beyond eight weeks. Furthermore, clinicians engaged during the scoping period
of this review also commented that it is not uncommon in clinical practice to wait longer than eight
weeks to determine response and non-response to TIMs. Therefore, delayed response was
explored in a scenario analysis for TIMs where there is evidence of benefit with extended induction.
In this scenario, a 16-week induction period was allowed for a proportion of patients to mirror real-
world practice patterns. In the extended induction scenario, patients discontinue at week eight
only for reasons other than lack of efficacy. The gain in response with the extended induction
scenario is presented in Table 5.9. Detailed calculations to derive these estimates may be found in
the Appendix.
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Table 5.9. Gain in Response or Remission at 16 Weeks for the Extended Induction Efficacy
Scenario

Clinical Response without . . ..
.. Clinical Remission
Remission
Adalimumab No data 5.7% Sandborn 201278

No data 28.1% Colombel 2016
No evidence of additional benefit with extended induction

Infliximab-dyyb* No evidence of additional benefit with extended induction
Infliximab-abda* No evidence of additional benefit with extended induction
Tofacitinib 36.3% 13.9% Rubin 201974
Biologic-naive: 56.6% Biologic-naive: 18.9% -
. . . . . . Danese 2019
Biologic-experienced: 41.4% Biologic-experienced: 1.7%
Vedolizumab 39.0% No data NICE FAD*°

*Assumed to be equivalent to infliximab.

Discontinuation

At the end of induction, patients who remain in active UC discontinue treatment with the TIM and
initiate the next line of therapy. In the maintenance phase, patients who revert to active UC will
discontinue treatment with the TIM and initiate the next line of therapy. The model also considers
discontinuation for reasons other than loss of efficacy. For the health states of clinical response
without remission and clinical remission, a per-cycle probability of discontinuation will be applied
based on rates observed in RCTs (Table 5.10). Discontinuation is based on rates of discontinuation
for reasons other than loss of efficacy and converted to a per-cycle probability. Based on clinical
expert opinion, discontinuation rates are lower among patients who remain on TIMs for a year or
more. Elimination of certain discontinuation rates after one year for the initial TIM is explored as a
scenario analysis. Note that in this scenario, patients still can discontinue the initial TIM due to loss
of efficacy.

Table 5.10. Discontinuation

N N
31/254 (12.2%) had discontinued at 52 weeks ~ 1.98% ULTRA 278

23/154 (14.9%) had discontinued at 54 weeks 2.37% PURSUIT”®

59/229 (25.7%) had discontinued at 152 weeks  1.56% ACT-1 and ACT-273
Infliximab-dyyb Assume same as infliximab -- --

Infliximab-abda Assume same as infliximab -- --

Tofacitinib 34/394 (8.6%) had discontinued at 52 weeks 1.38% OCTAVE Sustain®
skmama | e

Vedolizumab 14/122 (11.5%) had discontinued at 52 weeks 1.86% GEMINI 182
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Mortality

Gender- and age-specific mortality are sourced from the Human Mortality Database’s US-specific
tables.’'* In addition, an elevated risk of mortality is assumed among patients with UC based on a
published meta-analysis, which showed a slightly elevated risk of mortality among patients with
UC.llS

UC has been associated with an increased risk of colorectal cancer and colorectal cancer death in
large epidemiologic studies.'*>!® The exact pathology of excess colorectal cancer risk is unknown
but may be linked to mucosal inflammation.'”:118 The impact of TIMs on the risk of colorectal
cancer incidence and mortality is unknown and early research does not suggest a clear beneficial
effect.’® However, TIMs have a hypothetical potential to reduce incidence of colorectal cancer in
UC patients through reduced mucosal inflammation. Colorectal cancer incidence and deaths among
UC patients have declined over time, which may be attributed partly to improved treatments for
UC, among other factors.1?°

A mortality multiplier for colorectal cancer-related mortality was applied for all patients with a
colon (i.e., without colectomy) to SEER colorectal cancer-related death rates by age to generate the
proportion of elevated mortality risk in UC that is attributable to colorectal cancer.!?! As a scenario
analysis, we removed this elevated risk of mortality due to colorectal cancer in the remission health
state to capture a potential long-term benefit effect of endoscopic improvement. No impact of
TIMs on non-colorectal cancer-related mortality will be assumed, as data to date does not provide
conclusive evidence of impact.t??

Table 5.11. Mortality Inputs

| Parameter [ Value [ source |
All-Cause Mortality Gender- and age-specific US Life Tables'??
Standardized Mortality Ratio for UC 1.19 (95% CI 1.06-1.35) Bewtra 20131%5

Standardized Mortality Ratio for Colorectal
. 2.82 (95% Cl 1.30-1.63) Bewtra 2013115
Cancer-Related Death in UC

One-Time Probability of Mortality Among

. ) . 0.2% Causey 20131
Patients Undergoing Laparoscopic Colectomy

One-Time Probability of Mortality Among 124
. . 1.7% Causey 2013
Patients Undergoing Open Colectomy Procedure

Cl: confidence interval, UC: ulcerative colitis, US: United States

Health State Utilities

We used consistent health state utility values across treatments evaluated in the model and across
induction and maintenance. Health state utility values are taken from a published systematic
literature review and meta-analysis of utility values in UC and applied to health states of active UC,
response without remission, and remission (Table 5.12). The impact of alternative sources of utility
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estimates was evaluated by extending the parameter range of a one-way sensitivity analysis to
include lower estimates for active UC and post-colectomy health states from an alternative source
of utility values, which have been used in previous cost-effectiveness evaluations in UC.12>126 Apn
alternative scenario was explored whereby health state utility for active moderate-to-severe UC
was informed by an average of EQ-5D scores at baseline across the InspireADA, GEMINI 1, and GO-
COLITIS trials, 0.6, 0.675, and 0.7, respectively (average of 0.658).58127,128

Utility for the post-colectomy health state is based on EQ-5D scores from a cross-sectional survey of
UC patients in Canada, Australia, and the United Kingdom with a history of colectomy within the
prior 10 years.'?® We assume in the model that colectomy induces remission of UC, but at a lower
utility compared to drug-induced remission because of the health consequences of removing the
colon and the potential for long-term complications and adverse events.

Disutility associated with short-term complications of colectomy and chronic pouchitis is captured
separately (see Table 5.12). Other long-term complications and the long-term impact of colectomy
are assumed to be captured within the utility score applied to the post-colectomy health state.

Table 5.12. Utility Values for Health States

Value (95%Cl) | Source | RangeforOWSA | _ Source |
Active UC 0.6992 (0.5847,0.8136)  *° 0.411t00.81 125130

Clinical Response G 130
: - 0.7834 (0.7265, 0.8403) 0.73 t0 0.84
without Remission*

Clinical Remission 0.8726 (0.8457, 0.8995) 130 0.87 to 0.90 e
Post-Colectomy 0.79 (0.77,0.81) 129 0.71t0 0.81 125129

Cl: confidence interval, OWSA: one-way sensitivity analysis, UC: ulcerative colitis

*Response without remission utility value represented by mild UC cohort in Malinowski et al. 2016.

Adverse Events

Disutility associated with serious infections with TIMs and conventional treatment (e.g., respiratory
infections, gastrointestinal infections, sepsis), early complications of colectomy, and late
complications (chronic pouchitis) are included in the model (Table 5.13). The rate of serious
infection is informed by the rates for the maintenance phase of clinical trials and adjusted to an
eight-week cycle length. A reduction in utility of 52% is applied to the patients’ health state and is
assumed for the duration of the cycle with a serious infection event.

Multiple different surgical techniques are used to perform colectomy procedures, with differing
safety outcomes and rates of complications. While subtle differences may exist among various
procedures, the most notable division exists between open procedures and laparoscopic (closed)
procedures. Table 5.13 presents the incidence of early complications in open and laparoscopic
colectomy procedures as well as the probability of the long-term complication of chronic pouchitis
that is applicable to both procedures.

©Institute for Clinical and Economic Review, 2020 Page 77
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Table 5.13. Adverse Events

| Parameter | Vvalue |  Source |  Utility |  Source |

Infliximab, Infliximab-dyyb, and 5
Infliximab-abda 5 mg/kg =

Tofacitinib 5 mg 1.0%

Serious Infection (Per Year)

ULTRA 278
PURSUIT®3!

ACT 1 and 27°

OCTAVE SUSTAN | 52 disutility  NICE STA342%0

Ustekinumab 90 mg q8w 1.7% UNIFI®
Vedolizumab 1.9% GEMIN] 152
Conventional Treatment 2% &

Colectomy Complications

Early Complications of 25.3% Arseneau
. Zogg 20162 0.49
Colectomy (Open Procedure) incidence 20063
Early Complications of 17.3% - Arseneau
. S Zogg 2016 0.49 133
Colectomy (Laparoscopic) incidence 2006
. o 15.5% . Arseneau
Chronic Pouchitis Zogg 2016 0.40 133
prevalence 2006

kg: kilogram, mg: milligram, q8w: every 8 weeks
*Based on pooled placebo arms of treat-through trials.

Economic Inputs

Drug Utilization

Table 5.14 outlines inputs for dose and frequency of administration of TIMs in UC. Conventional
treatment is modeled as an induction period of prednisone 40 mg orally once daily, followed by
mercaptopurine 1-1.5 mg/kg per day or azathioprine 2-3 mg/kg per day (assuming a 50:50 split
between mercaptopurine and azathioprine).
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Table 5.14. Treatment Regimen Recommended Dosage

Brand Name Humira Simponi Remicade Inflectra Renflexis  Xeljanz Stelara Entyvio

m AbbVie Janssen Janssen Pfizer Merck Pfizer Janssen Takeda
Route of
Administrat- SC SC \Y, \Y, \Y, Oral SC \Y,
ion
160 mg on 200 mg at 10 mg One 360
5mg/kg 5 mg/kg . .
day 1,then weekO, 5 mg/kg 0.2 0.2 twice daily mg IV 300 mg at
aty, Z, aty, Z,
80 mg 100 mgat ato, 2, for 8 dose, 0,2,
6 weeks, 6 weeks,
2 weeks week 2, 6 weeks, then then weeks, followed 6 weeks,
later, then then 100 then 8w 3 3 then 5 mg by 90 mg then 8w
w w
40 mg EOW mg qdw g g twice daily ~ SC q8w

ADA: adalimumab, EOW: every other week, GOL: golimumab, IFX: infliximab, IV: intravenous, kg: kilogram, mg:
milligram, g4w: every 4 weeks, q8w: every 8 weeks, SC: subcutaneous, TOF: tofacitinib, UST: ustekinumab, VEDO:
vedolizumab

Dose Escalation

Dose escalation is considered in a scenario as an additional cost through a higher dose and/or
frequency of administration for a proportion of patients in the maintenance phase. The frequency
of dose escalation for each TIM was taken from a recent claims analysis of greater than expected
dosing of TIMs in patients with IBD.13* As no data were available for tofacitinib, the prevalence of
dose escalation was assumed as the average of all other TIMs.

Table 5.15. Assumptions for Dose Escalation

Escalated Maint
i e N
Adallmumab 40 mg every week 27.5% MacDougall 2019134
m 200 mg g4w 14.3% MacDougall 201913
Infliximab,
DO GELECMT S 5 mg/kg q4w 39.4% MacDougall 201934
Infliximab-dyyb

10 mg twice daily 25% Assumption
| Ustekinumab  JENIIERVI 21.6% MacDougall 201934
Vedolizumab 300 mg gq4w 22.7% MacDougall 2019134

kg: kilogram, mg: milligram, q4w: every 4 weeks

Drug Acquisition Costs

For all TIMs, we obtained net pricing estimates from SSR Health, LLC, which combines data on unit
sales with publicly-disclosed US sales figures that are net of discounts, rebates, concessions to
wholesalers and distributors, and patient assistance programs, to derive a net price.’®> The average
discount was not available for infliximab-abda and was instead assumed to be equivalent to
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infliximab-dyyb. We estimated net prices by comparing the four-quarter averages of both net
prices and wholesale acquisition cost (WAC) per unit to arrive at a mean discount from WAC for the
drug. Finally, we applied this average discount to the most recent available WAC (May 6, 2020) to
arrive at an estimated net price per dose.

Table 5.16. Drug Unit Costs

| ow | wacperpaerex | o | Piem | SUIST
$5,556.97 2 35.2% $1,800.46
$5,779.26 1 43.8% $3,247.94
$1,167.82 1 62.0% $443.77
$946.28 1 42.0% $548.84
$753.39 1 N/A $436.97
$4,700.18 60 37.9% $48.65
$1,678.40 1 39.1% $1,022.15
$23,082.84 1 39.1% $14,057.45
$6,727.65 1 18.3% $5,496.49
$79.25 25 N/A $3.17
$45.00 100 N/A $0.45

IV: intravenous, kg: kilogram, mg: milligram, N/A: not applicable, SC: subcutaneous, WAC: wholesale acquisition
cost
*WAC as of May 6, 2020.

Please refer to the ICER Reference Case for more details on drug pricing.
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https://icer-review.org/methodology/icers-methods/icer_reference_case_july-2018/

Table 5.17. Cost of Induction and Maintenance

Units Per Eight SSR/!\' G Units per SSR/I\fet AL
Week Induction per Elght.Week Maintenance Year per Maintenance
Induction Year
8 $14,403.67 26.1 $46,932.55
4 $12,991.78 13.0 $42,332.08
3 weight-based $4,885.93 6.5 weight-based $10,613.45
doses doses
3 weight-based $6,042.75 6.5 weight-based $13,126.37
doses doses
3 weight-based $4.811.00 6.5 weight-based $10,450.69
doses doses
112 $5,448.45 729.9 $35,506.18
3 $3,066.44 N/A N/A
N/A N/A 6.5 $91,608.88
3 $16,489.47 6.5 $35,819.25
[Prednisone come) B 52321 VA VA
N/A N/A 729.9 $2,313.71
N/A N/A 1094.8 $492.67

IV: intravenous, kg: kilogram, mg: milligram, N/A: not applicable, SC: subcutaneous

Administration and Monitoring Costs

Administration costs are included for IV formulations at a cost of $72.80 per infusion based on the
Centers for Medicare and Medicaid Use Physician Fee Schedule average non-facility price for CPT
96365 (IV infusion, for therapy, prophylaxis, or diagnosis [specify substance or drug]; initial, up to
one hour).'¥ The average non-facility price for CPT 96366 ($21.98) was added for infliximab,
infliximab-dyyb, and infliximab-abda to account for a second hour of infusion time per product

labeling.*3®

Cost of Colectomy Procedure

A cost of $33,871 per admission for colectomy is assumed, calculated by the weighted average cost
of emergent and non-emergent cost per admission from the Healthcare Cost and Utilization Project
(HCUP) National Inpatient Sample (NIS) database, after inflation to 2019 US dollars using the
personal health care (PHC) expenditure deflator up to 2017 then the personal consumption
expenditure (PCE) price index to update from 2017 to 2019.13%-141

Other Costs of Ulcerative Colitis Management

Non-drug costs of UC management include the average cost of hospitalization, emergency
department visits, and outpatient visits by health state (Table 5.18). Direct health care utilization
costs were calculated based on previously published estimates of mean unadjusted annual costs
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among privately-insured employed people with UC and a matched cohort without UC.}*? The active
UC health state is informed by the moderate-to-severe cohort of the study, defined by investigators
as having a hospitalization with a primary diagnosis of UC or treatment with biologics,
immunosuppressants, or systemic corticosteroids. The clinical response without remission health
state is informed by the overall UC study population, which includes all patients with at least two
diagnoses of UC. Finally, the clinical remission health state is informed by the non-UC control
cohort.

Table 5.18. Annual Direct Health Care Costs by Health State*

Emergency

Department
Value (95% ClI) Va|upe (95% Cl)

58,048 (533,476)  $581(51,722)

Clinical Response without
4 $4,461 (523,436) $410 ($1,436) $7,506 (514,561)  Cohen 201542

Outpatient/Other
Value (95% Cl)

Hospitalization

Parameter

Cohen 20152

$10,114 ($16,787)

Remissiont
$969 ($8,137) $223 ($992) $2,722 ($8,266)  Cohen 2015142
Cl: confidence interval, UC: ulcerative colitis
Health states apply to both induction and maintenance phases.
*Inflated 2019 US dollars using the PHC expenditure deflator up to 2017 then the PCE price index to update from
2017 to 2019.
tInformed by overall UC population.
fInformed by non-UC control group.

Adverse Event Costs

Costs associated with serious infections with TIMs, early complications of colectomy, and late
complications (chronic pouchitis) are included (Table 5.19). Serious infection events are assigned a
cost of $10,238 based on HCUP net mean hospital costs for an inpatient stay with ICD-10 diagnosis
of pneumonia (J12-J18), as pneumonia is a commonly reported serious infection, an approach that
has been taken in another recent model of UC.}*® Table 5.19 also presents the cost per short-term
complication in open and laparoscopic colectomy procedures as well as chronic pouchitis.

Table 5.19. Cost of Adverse Events

| Parameter | Cost | Source |
510238 R

AHRQ: Agency for Healthcare Research and Quality
*Inflated 2019 US dollars using the PHC expenditure deflator up to 2017 then the PCE price index to update from
2017 to 2019.
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Productivity Costs

A modified societal perspective including indirect costs of disability, medical-related absenteeism,
and presenteeism is included as a scenario analysis. Days of disability and medical-related
absenteeism are sourced from the claims analysis as described for direct health state costs,
assuming eight hours per day lost due to disability or absenteeism and average hourly wage in the
US ($28.18).1421% For presenteeism, WPAI presenteeism estimates from a US patient survey are
combined with US Bureau of Labor Statistics average working hours per week (38.6) and average
hourly wage ($28.18).146-148

Table 5.20. Annual Indirect Health Care Costs by Health State

Medical-

Total Indirect
Costs per Year

$19,059

Parameter Disability Related Presenteeism
Absenteeism

2 a9

Clinical Response
ut Remission

Clinical Remission [BHNojiES $1,195% $3,056 S5,266

UC: ulcerative colitis, US: United States

$13,694
Cohen 2015,**? Ding

$1,781% $1,916t $7,843% $11,540* 2019,*® US Bureau of
Labor Statistics'4>-147

Health states apply to both induction and maintenance phases.
*Response without remission utility value represented by mild UC cohort.
tInformed by overall UC population.

fInformed by non-UC control group.

Sensitivity Analyses

We ran one-way sensitivity analyses to identify the key drivers of model outcomes, using available
measures of parameter uncertainty (i.e., standard errors) or reasonable ranges for each input
described in the model inputs section above. Probabilistic sensitivity analyses were also performed
by jointly varying all model parameters over 1,000 simulations, then calculating 95% credible range
estimates for each model outcome based on the results. We used normal distributions for costs,
rates, multipliers, and ages; log-normal for relative risks; gamma distributions for disutilities; and
beta distributions for probabilities and utilities. Additionally, we performed a threshold analysis by
systematically altering the price of each TIM to estimate the maximum prices that would
correspond to given willingness-to-pay (WTP) thresholds in the biologic-naive and biologic-
experienced populations.
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Scenario Analyses
We conducted the following scenario analyses:

e Time horizons of two, five, and 10 years

e Dose escalation

e Extended induction/delayed response

e Modified societal perspective that includes productivity losses

e Reduced risk of colorectal cancer death for patients in remission state

e Alternative sources of health state utility estimates

e Lower rates of discontinuation after one year, with discontinuation due to loss of response
only

e Use of infliximab following initial vedolizumab therapy, assuming comparable efficacy to
that in a biologic-naive population.

Model Validation

We used several approaches to validate the model. First, we provided preliminary methods and
results to manufacturers, patient groups, and clinical experts. Based on feedback from these
groups, we refined data inputs used in the model. Second, we varied model input parameters to
evaluate face validity of changes in results. We performed model verification for model calculations
using internal reviewers. Finally, we compared results to other cost-effectiveness models in this
therapy area.

5.3 Results

Base-Case Results
Biologic-Naive Population

Total discounted initial TIM drug costs, total costs, LYs, and QALYs for the biologic-naive population
over the lifetime time horizon are shown in Table 5.21. Undiscounted results are presented in
Appendix Tables E2-E4. Discounted drug costs for initial TIMs ranged from $16,000 to $105,000 and
total costs ranged from $427,000 to $502,000 over the lifetime time horizon compared to a total
cost of $379,000 for conventional treatment. Discounted life expectancy from age of initiation (age
40 years) was 22.0 LY across all treatments, although small differences exist across TIMs that are
not presented in Table 5.21 due to rounding. Projected discounted QALYs for TIMs ranged from
15.97 to 16.04 for TIMs compared with 15.80 QALYs for conventional treatment. As the TIMs
resulted in minimal gains in LY, QALYs closely approximated evlLY.
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The incremental cost per QALY for TIMs compared to conventional treatment in the biologic-naive
population ranged from $229,000 (infliximab-abda) to $584,000 (ustekinumab) (Table 5.21). The
incremental cost per QALY for TIMs compared to infliximab, a market share leader in the biologic-
naive population, is presented in Table 5.22. All TIMs had lower or equal LYs and QALYs compared
to infliximab at a higher cost with the exception of ustekinumab and vedolizumab, which had
slightly higher QALYs at higher cost with a resulting cost per QALY exceeding $1 million. Full
pairwise comparisons are presented in Appendix Table E8. Infliximab and its biosimilars had lower
costs and greater QALYs than adalimumab and golimumab. Ustekinumab and vedolizumab had
higher costs and greater QALYs compared to infliximab, but at an incremental cost of over $1
million per QALY gained. Vedolizumab resulted in the greatest number of QALYs and was cost
effective compared with adalimumab and golimumab and had lower costs and greater QALYs
compared with ustekinumab.

Table 5.21. Results for the Base Case for TIMs and Conventional Treatment: Biologic-Naive

Drug Cost
$46,000 $461,000 22.02 15.97 15.97
| Golimumab TN $458,000 22.03 15.97 15.98
[ Infliimab ST $427,000 22.03 16.01 16.01
$20,000 $431,000 22.03 16.01 16.01
$16,000 $427,000 22.03 16.01 16.01
| Ustekinumab ST $502,000 22.03 16.01 16.01
$61,000 $467,000 22.03 16.04 16.04
N/A $379,000 22.00 15.80 15.80

evLY: equal value of life year, LY: life year, N/A: not applicable, QALY: quality-adjusted life year, TIM: targeted
immune modulator

Costs rounded to nearest $1,000.

*Small differences in LYs across comparators are not displayed due to rounding.
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Table 5.22. Incremental Cost-Effectiveness Ratios for the Base Case Compared to Conventional

Treatment: Biologic-Naive

$3,940,000 $493,000 $484,000
[ Golimumab ~~ IERENIN) $458,000 $449,000
BT 2020000 $230,000 $226,000
$2,170,000 $248,000 $243,000
$2,010,000 $229,000 $225,000
[ Ustekinumab ~~ IESREGIVI) $584,000 $575,000
$3,790,000 $373,000 $367,000
Reference Reference Reference

evLY: equal value of life year, LY: life year, QALY: quality-adjusted life year
Cost per LY gained rounded to the nearest $10,000; cost per QALY gained rounded to nearest $1,000.

Table 5.23. Incremental Cost-Effectiveness Ratios for the Base Case Compared to Infliximab:
Biologic-Naive

Cost per LY Gained Cost per QALY Gained Cost per evLY Gained

Higher cost, fewer LYs Higher cost, fewer QALYs Higher cost, fewer evLYs
m Higher cost, fewer LYs Higher cost, fewer QALYs Higher cost, fewer evLYs
m Reference Reference Reference

Lower cost, equal LYs Lower cost, equal QALYs Lower cost, equal evLYs
Lower cost, equal LYs Lower cost, equal QALYs Lower cost, equal evLYs
ETIETIN Higher cost, fewer LYs $193,660,000 $318,570,000

Higher cost, fewer LYs $1,570,000 $1,580,000

evLY: equal value of life year, LY: life year, QALY: quality-adjusted life year
Cost per LY gained rounded to the nearest $10,000; cost per QALY gained rounded to nearest $1,000.

Figure 5.2. Cost-Effectiveness Frontier for TIMs in the Base Case: Biologic-Naive

$600,000
Adalimumab
@ Golimumab
§550,000 @ Infliximab
Infliximab-dyyb
‘gq $500,000 Infliximab-abda *®
Q
B
E % Ustekinumab . /
g sas0000 m Vedolizumab IV /
E‘ @ Conventional treatment —
= -
2 $400,000 - —
P
$350,000
$300,000
15.50 1560 15.70 15.80 15.90 16.00 16.10

Total Discounted QALYs
IV: intravenous, QALY: quality-adjusted life year
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Drugs that are farther to the right in Figure 5.2 above provide greater clinical benefit and drugs
higher on the y-axis are more expensive. The line on the graph depicts the cost-effectiveness
efficiency frontier. Those therapies that lie to the left of the frontier are dominated by therapies
that lie on the frontier. Thus, therapies to the left of the frontier, using only the deterministic
findings, are considered to not be as cost effective as those therapies on the frontier.

Biologic-Experienced Population

Total discounted initial TIM drug costs, total costs, LYs, and QALYs for the biologic-experienced
population over the lifetime time horizon are shown in Table 5.24. Undiscounted results are
presented in Appendix Tables E5-E7. Discounted drug costs for initial TIMs ranged from $32,000 to
$74,000 and total costs ranged from $459,000 to $490,000 over the lifetime time horizon compared
to a total cost of $393,000 for conventional treatment. Discounted life expectancy from age of
initiation (age 40 years) was 22.0 LYs across all treatments, although small differences exist across
TIMs that are not presented due to rounding. Projected discounted QALYs for TIMs ranged from
15.74 to 15.78 for TIMs compared with 15.60 QALYs for conventional treatment. As the TIMs
resulted in minimal gains in LYs, QALYs closely approximated evLY.

The incremental cost per QALY for TIMs compared to conventional treatment in the biologic-
experienced population ranged from $382,000 (tofacitinib) to $553,000 (ustekinumab). The
incremental cost per QALY for TIMs compared to each other is located in Appendix E9 and Table
5.25 for TIMs compared to adalimumab, a market share leader in the biologic-experienced
population. Treatment with tofacitinib resulted in greater QALYs at a lower cost compared with
adalimumab. Ustekinumab had an incremental cost-effectiveness ratio of $810,000 per QALY
gained compared to adalimumab. The additional cost per QALY was $126,000 for vedolizumab
compared with adalimumab. Although QALYs were very similar between ustekinumab and
vedolizumab, vedolizumab resulted in greater QALYs at a lower cost compared with ustekinumab.

Table 5.24. Results for the Base Case for TIMs and Conventional Treatment: Biologic-Experienced

Parameter Lltel il Total Cost LYs* QALYs evLY
Drug Cost

Adalimumab $33,000 $464,000 22.02 15.74 15.75
Tofacitinib $32,000 $459,000 22.03 15.77 15.78
$74,000 $490,000 22.03 15.78 15.78
Vedolizumab $44,000 $469,000 22.03 15.78 15.78
Conventional Treatment B/ $393,000 22.00 15.60 15.60
evLY: equal value of life year, LY: life year, N/A: not applicable, QALY: quality-adjusted life year, TIM: targeted

immune modulator
Costs rounded to nearest $1,000.
*Small differences in LYs across comparators are not displayed due to rounding.
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Table 5.25. Incremental Cost-Effectiveness Ratios for the Base Case Compared to Conventional
Treatment: Biologic-Experienced

Treatment Cost per LY Gained Cost per QALY Gained Cost per evlLY Gained

| Treatment |

$3,708,000 $495,000 $485,000
$2,746,000 $382,000 $374,000
| Ustekinumab ~ [IEZIGEENVI $553,000 $541,000
$3,490,000 $419,000 $411,000
Reference Reference Reference

evLY: equal value of life year, LY: life year, QALY: quality-adjusted life year
Cost per LY gained rounded to the nearest $10,000; cost per QALY gained rounded to nearest $1,000.

Table 5.26. Incremental Cost-Effectiveness Ratios for the Base Case Compared to Adalimumab:
Biologic-Experienced
Cost per LY Gained Cost per QALY Gained Cost per evLY Gained

Adalimumab Reference Reference Reference
Tofacitinib Lower cost, greater LYs Lower cost, greater QALYs Lower cost, greater evLYs

m $5,330,000 $810,000 $790,000
$1,850,000 $126,000 $125,000

evLY: equal value of life year, LY: life year, QALY: quality-adjusted life year
Cost per LY gained rounded to the nearest $10,000; cost per QALY gained rounded to nearest $1,000.

Figure 5.3. Cost-Effectiveness Frontier for TIMs in the Base Case: Biologic-Experienced
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Drugs that are farther to the right in Figure 5.3 provide greater clinical benefit and drugs higher on
the y-axis are more expensive. The line on the graph depicts the cost-effectiveness efficiency
frontier. Those therapies that lie to the left of the frontier are dominated by therapies that lie on
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the frontier. Thus, therapies to the left of the frontier, using only the deterministic findings, are
considered to not be as cost effective as those therapies on the frontier.

Sensitivity Analysis Results

To demonstrate effects of uncertainty on both costs and health outcomes, we varied input
parameters using available measures of parameter uncertainty (i.e., 95% Cl) or reasonable ranges
(£10%) to evaluate changes in cost per additional QALY for each TIM compared to conventional
treatment. The tornado charts for ustekinumab in a biologic-naive population and biologic-
experienced population are presented in Figure 5.4 as an example. The results for other
comparators were similar and are presented in the Appendix. For all comparisons, the health state
utility of active UC was the most important driver of model results, with some cost per QALY
estimates falling below the $150,000 per QALY threshold when the low estimate for utility was
applied. Specifically, the incremental cost per QALY for infliximab, infliximab-dyyb, infliximab-abda,
and vedolizumab fell below $150,000 when using the low value for utility of active UC health state
in the biologic-naive population. This was true only for tofacitinib in the biologic-experienced
population. Other key drivers across most comparisons were utility of the response and remission
health states, cost of TIMs, and the probability of non-response, response without remission,
response with remission for conventional treatment.

Figure 5.4. Tornado Diagram for One-Way Sensitivity Analyses of Ustekinumab versus
Conventional Treatment (Cost per QALY)

$238,328 $584,321 $1,536,468 Parameter Base Case Low Value High Value
Utility of active UC health state 0.699 0.410 0.814
) Utility of response health state 0.783 0.727 0.840
2 Utility of remission health state 0.873 0.846 0.900
g Ust maintenance dosing interval (weeks) 8.0 7.2 8.8
Ig Ust package price $14,057 $12,652 $15,463
%D Utility of post-surgical remission health state 0.790 0.710 0.810
1) . Low Conventional maintenance bio-exp resp - remit 13.0% 9.0% 17.0%
o - High Conventional induction bio-exp remission 4.0% 2.0% 6.0%
Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%
Ust bio-naive RR maintenance resp - remit 1.84 121 2.52
$211,650 $552,700 $1,620,928 Parameter Base Case Low Value High Value
8 Utility of active UC health state 0.699 0.410 0.814
g Utility of response health state 0.783 0.727 0.840
q_" Utility of remission health state 0.873 0.846 0.900
B Ust maintenance dosing interval (weeks) 8.0 7.2 8.8
% Ust package price $14,057 $12,652 $15,463
LIL'-,' Utility of post-surgical remission health state 0.790 0.710 0.810
) . Low Conventional induction bio-exp remission 4.0% 2.0% 6.0%
% - High Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%
o) Conventional maintenance bio-exp resp - remit 13.0% 9.0% 17.0%
Ada bio-exp RR maintenance resp - remit 291 1.72 4.65

bio: biologic, exp: experienced, resp: response without remission, RR: risk ratio, tx: treatment, UC: ulcerative

colitis, ust: ustekinumab
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The proportion of probabilistic sensitivity analysis iterations with an incremental cost-effectiveness
ratio below thresholds ranging from $50,000 to $250,000 per QALY gained are presented in

Table 5.27 for the biologic-naive population and Table 5.28 for the biologic-experienced population.
Full results of probabilistic sensitivity analysis are presented in Appendix Tables E10 and E11. The
mean probabilistic estimate of cost per QALY was above $150,000 for all TIMs in both populations.
For the biologic-naive population, only infliximab and its biosimilars were likely (>50%) to be cost
effective and only at the highest threshold ($250,000 per QALY). The lower bound of the 95%
credible interval for the incremental cost-effectiveness ratio did not fall below $150,000 for any
TIMs in the biologic-naive population. For the biologic-experienced population, no TIMs were likely
(>50%) to be cost effective at any of the thresholds and the lower bound of the 95% credible
interval for the incremental cost-effectiveness ratios did not fall below $150,000 for any TIMs.

Table 5.27. Probabilistic Sensitivity Analysis Results: TIMs versus Conventional Treatment:

Biologic-Naive

Cost Effective | Cost Effective | Cost Effective | Cost Effective | Cost Effective
at $50,000 at $100,000 at $150,000 at $200,000 at $250,000
per QALY per QALY per QALY per QALY per QALY

Adalimumab

Infliximab-dyyb
Infliximab-abda

Vedolizumab

Table 5.28. Probabilistic Sensitivity Analysis Results: TIMs versus Conventional Treatment:
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Biologic-Experienced

Cost Effective | Cost Effective | Cost Effective | Cost Effective | Cost Effective
at $50,000 at $100,000 at $150,000 at $200,000 at $250,000
per QALY per QALY per QALY per QALY per QALY

Adalimumab 0% 0% 0% 0% 1%
Tofacitinib 0% 0% 0% 1% 8%
0% 0% 0% 0% 0%
Vedolizumab 0% 0% 0% 1% 6%
QALY: quality-adjusted life year
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Scenario Analyses Results
Shorter Time Horizons

The model assumes that patients try a second TIM after lack of response, loss of response, or
discontinuation of the first TIM. In clinical practice, patients may try many interventions for UC over
a lifetime time horizon. Our model is a simplification of a complex and highly individualized
treatment pathway in order to focus on the cost effectiveness of the TIM of interest. In order to
increase focus on the TIM of interest, analyses with time horizons of two, five, and 10 years were
conducted. Shorter time horizons led to an increase in cost per QALY.

Table 5.29. Incremental Cost-Effectiveness Ratios for the Shorter Time Horizon Scenario: Biologic-

Naive

Base-Case 10 Year Time Five Year Time Two Year Time

Treatment Cost per QALY Horizon Cost per Horizon Cost per Horizon Cost per

Gained QALY Gained QALY Gained QALY Gained
Adalimumab $493,000 $520,000 $535,000 $698,000
$458,000 $485,000 $496,000 $627,000
$230,000 $235,000 $230,000 $257,000
Infliximab-dyyb $248,000 $253,000 $250,000 $286,000
Infliximab-abda $229,000 $234,000 $229,000 $255,000

$584,000 $615,000 $640,000 $799,000
Vedolizumab $373,000 $385,000 $398,000 $520,000
Conventional
Reference Reference Reference Reference
Treatment
QALY: quality-adjusted life year

Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table 5.30. Incremental Cost-Effectiveness Ratios for the Shorter Time Horizon Scenario: Biologic-
Experienced
10 Year Time Five Year Time Two Year Time

Horizon Cost per Horizon Cost per Horizon Cost per
QALY Gained QALY Gained QALY Gained

Cost per QALY

Treatment .
Gained

Adalimumab $495,000 $526,000 $531,000 $683,000
Tofacitinib $382,000 $403,000 $400,000 $468,000
$553,000 $587,000 $598,000 $737,000
Vedolizumab $419,000 $439,000 $446,000 $577,000
Conventional
Reference Reference Reference Reference

Treatment

QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.
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Dose Escalation

A higher dose and/or frequency of administration may be required for a proportion of patients in
the maintenance phase to maintain response. Higher cost of TIMs led to an increase in cost per
QALY across all interventions compared to conventional treatment.

Table 5.31. Incremental Cost-Effectiveness Ratios for the Dose Escalation Scenario: Biologic-Naive

Considering Dose Escalation
Reference Reference

QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table 5.32. Incremental Cost-Effectiveness Ratios for the Dose Escalation Scenario: Biologic-
Experienced

Treatment Cost per QALY Gained R [ 2R
Considering Dose Escalation

Adalimumab $495,000 $582,000

Reference Reference
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Incremental cost-effectiveness ratios rounded to nearest $1,000.

Extended Induction

An additional efficacy benefit from extended induction was calculated for adalimumab, golimumab,
tofacitinib, ustekinumab, and vedolizumab. Allowing for an additional eight weeks of induction did
not substantially alter conclusions based on incremental cost-effectiveness ratios and all remained
above the $150,000 per QALY threshold. It is important to note that our cost-effectiveness analysis
was not constructed with the intent of evaluating the most appropriate duration of induction for
TIMs in UC. The results of this scenario analysis are limited by assumptions surrounding the efficacy
of the second TIM and the market basket and are not intended to inform quantity limits or
treatment decisions.
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Table 5.33. Incremental Cost-Effectiveness Ratios for the Extended Induction Scenario: Biologic-
Naive

. Cost per QALY Gained

Adalimumab $493,000 $425,000

$458,000 $406,000

$584,000 $628,000
Vedolizumab $373,000 $345,000
Conventional Treatment Reference Reference

QALY: quality-adjusted life year

Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table 5.34. Incremental Cost-Effectiveness Ratios for the Extended Induction Scenario: Biologic-
Experienced

. Cost per QALY Gained
Cost per QALY Gained Considering Extended Induction

Adalimumab $495,000 $395,000
Tofacitinib $382,000 $321,000
$553,000 $606,000
Vedolizumab $419,000 $358,000
Conventional Treatment Reference Reference

QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Modified Societal Perspective

A modified societal perspective scenario was undertaken, which considered absenteeism,
presenteeism, and disability due to UC. In this scenario, the cost per QALY was reduced
substantially for all TIMs, with infliximab and infliximab-abda falling below the $150,000 per QALY
threshold for the biologic-naive population.
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Table 5.35. Incremental Cost-Effectiveness Ratios for the Modified Societal Perspective Scenario:
Biologic-Naive

TR 5458,000 $369,000
Reference Reference

QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table 5.36. Incremental Cost-Effectiveness Ratios for the Modified Societal Perspective Scenario:
Biologic-Experienced

. Including Indirect Costs per

Reference Reference

QALY: quality-adjusted life year

Incremental cost-effectiveness ratios rounded to nearest $1,000.

Reduced Risk of Colorectal Cancer Death for Patients in Remission

A risk of mortality in UC, which excludes colorectal cancer-related mortality, was applied to patients
in the remission health state to capture a potential long-term benefit effect of endoscopic
improvement. The results of this scenario had a negligible impact on the incremental cost-
effectiveness ratios due to the relatively low incidence of colorectal cancer.

Alternative Health State Utility Estimates

Health state utility estimates for active UC, response without remission, and response with
remission are a major driver of model results. As a scenario analysis, we applied an alternative
estimate for active UC based on an average of baseline EQ-5D scores across the InspireADA, GEMINI
1, and GO-COLITIS trials (0.658).°%127:128 The lower estimate of utility for active UC led to an
increase in QALYs gained with TIMs compared to conventional treatment, corresponding to lower
incremental cost-effectiveness ratios for all TIMs.

©Institute for Clinical and Economic Review, 2020 Page 94
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Table 5.37. Incremental Cost-Effectiveness Ratios for the Alternative Utility for Active UC

Scenario: Biologic-Naive
Reference Reference

QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table 5.38. Incremental Cost-Effectiveness Ratios for the Alternative Utility for Active UC
Scenario: Biologic-Experienced

. Alternative Utility Cost per

Reference Reference

QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Lower Discontinuation Rates after One Year

As discontinuation for reasons other than lack of efficacy was not a major driver of model results,
the scenario of assuming lower discontinuation rates after one year for the initial TIM had only an
impact on the incremental cost-effectiveness ratios with no change in the conclusions drawn from
these estimates.

Use of Infliximab Following Initial Vedolizumab Therapy

No RCT data was identified for infliximab or infliximab biosimilars in a biologic-experienced
population, so these therapies were excluded from the market basket of second TIMs, which by
definition would be a biologic-experienced population. However, clinicians consulted during the
course of this review indicated that using infliximab after failure of vedolizumab was a common
treatment sequence used in real-world clinical practice. Therefore, we conducted a scenario
whereby all patients who are initiated on vedolizumab and switch to a second TIM are switched to
infliximab as the second TIM. As no data are available in a biologic-experienced population for

©Institute for Clinical and Economic Review, 2020 Page 95
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




infliximab, we assumed comparable efficacy to that in a biologic-naive population. This scenario
resulted in a substantially lower cost per QALY gained for vedolizumab in both the biologic-naive
and biologic-experienced populations owing to the superior cost-effectiveness profile of infliximab
compared to the market basket used in the base case, driven by the lower cost of infliximab relative
to other TIMs. The treatment sequence of infliximab following the initial TIM would result in lower
costs per QALY gained across all TIMs evaluated (individual results for alternative TIMs not shown).
However, results should be interpreted with caution, as the efficacy of infliximab in the biologic-
experienced population may be overestimated by our use of the biologic-naive efficacy inputs.

Table 5.39. Incremental Cost-Effectiveness Ratios for Infliximab Following Initial Vedolizumab
Scenario: Biologic-Naive

Infliximab as Subsequent TIM

Vedollzumab $373,000 $296,000

Conventlonal Treatment Reference Reference

QALY: quality-adjusted life year, TIM: targeted immune modulator
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table 5.40. Incremental Cost-Effectiveness Ratios for Infliximab Following Initial Vedolizumab
Scenario: Biologic-Experienced

Infliximab as Subsequent TIM
Vedollzumab $419,000 $342,000

Conventlonal Treatment Reference Reference

QALY: quality-adjusted life year, TIM: targeted immune modulator
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Threshold Analyses Results

Each TIM represents the initial TIM treatment in a pathway involving two TIMs (initial and second
TIM) and conventional treatment compared to conventional treatment alone. For most
evaluations, no price of the initial TIM could be calculated such that the TIM treatment pathway
resulted in a cost per QALY below the $50,000, $100,000, or $150,000 per QALY threshold.
Therefore, to calculate net threshold prices per maintenance year of TIMs, an additional scenario
was modeled where TIMs were compared to conventional treatment without the option of a
second TIM (i.e., patients moved directly to conventional treatment for non-response, loss of
response, or discontinuation). All other assumptions and input parameters remained the same as
for the base case. Of note, when the option of a second TIM was removed from the model (i.e.,
patients move directly to conventional treatment), the resulting cost per QALY gained for infliximab,
infliximab-dyyb, and infliximab-abda compared to conventional treatment was below $150,000 per
QALY for the biologic-naive population. As a result, the prices to achieve the $150,000 per QALY
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threshold for infliximab, infliximab-dyyb, and infliximab-abda are higher than net prices, despite the
incremental cost-effectiveness ratios for these TIMs being above $150,000 per QALY in the base-
case analysis (which assumes that patients switch to a second TIM before conventional treatment).

Table 5.41. Threshold Analysis Results — Per Maintenance Year for the Biologic-Naive Population

Price to Achieve | Price to Achieve | Price to Achieve
$50,000 per $100,000 per $150,000 per
QALY QALY QALY

Adalimumab $72,427 $46,932 $12,000 $17,000 $21,000

T $75.324 $42,332 $13,000 $17,000 $22,000
$27,930 $10,613 $12,000 $16,000 $21,000
$22,632 $13,126 $12,000 $16,000 $21,000
$18,018 $10,451 $12,000 $16,000 $21,000
| Ustekinumab  [EFEPE $91,609 $14,000 $20,000 $27,000
$43,842 $35,819 $13,000 $18,000 $23,000

QALY: quality-adjusted life year, WAC: wholesale acquisition cost
Prices rounded to nearest $1,000.

Table 5.42. Threshold Analysis Results — Per Maintenance Year for the Biologic-Experienced
Population

Price to Achieve | Price to Achieve | Price to Achieve
WAC

$50,000 per $100,000 per $150,000 per
QALY QALY QALY

$72,427 $46,932 $12,000 $16,000 $20,000
$57,176 $35,506 $15,000 $21,000 $27,000
| Ustekinumab  [EFEWPE $91,609 $12,000 $18,000 $25,000
$43,842 $35,819 $11,000 $16,000 $20,000

QALY: quality-adjusted life year, WAC: wholesale acquisition cost
Prices rounded to nearest $1,000.

Model Validation

Model validation followed standard practices in the field. We tested all mathematical functions in
the model to ensure that they were consistent with the report (and supplemental Appendix
materials). We also conducted sensitivity analyses with null input values to ensure the model was
producing findings consistent with expectations. Further, independent modelers tested the
mathematical functions in the model as well as the specific inputs and corresponding outputs.

Model validation was also conducted in terms of comparisons to other model findings. We
searched the literature to identify models that were similar to our analysis, with comparable
populations, settings, perspective, and treatments.
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Prior Economic Models

We reviewed the literature for recent cost-effectiveness analyses of treatments for UC, for
comparison to the results from our model. A 2018 analysis by Scott et al.'*® used a model to
simulate outcomes for vedolizumab compared to colectomy. While this analysis included QALY
estimates, it did not include costs and used a time horizon of only one to seven years, and so was
not directly comparable to our analysis. A cost-effectiveness analysis in the same year by Beilman
et al.’>% examined the cost effectiveness of vedolizumab compared to infliximab in Canada. They
found that vedolizumab and infliximab had similar effectiveness, but vedolizumab was considered
more cost effective due to its lower cost over a five-year time horizon. Our model found similar or
slightly higher efficacy for vedolizumab compared with infliximab. However, our conclusions would
be the opposite, with infliximab considered more cost effective, as vedolizumab has the higher
price in the US. This analysis did not include a lifetime horizon scenario. Milev et al.}** have
conducted a cost analysis of tofacitinib treatment from the perspective of a US payer over a two-
year time horizon, but their analysis did not include QALY estimates.

Tappenden et al.'! evaluated adalimumab, golimumab, and infliximab in moderate-to-severe UC
patients for whom conventional therapy had failed, using a United Kingdom National Health
Services perspective and a lifetime horizon. Their analysis estimated that colectomy would be more
effective and less costly than these medical treatments. In patients for whom colectomy was not an
option, the cost effectiveness of adalimumab compared to conventional therapy was estimated at
just over £50,000 per QALY, with infliximab and golimumab dominated by adalimumab. Their
analysis used a similar cohort as ours in terms of starting age, proportion male, and mean body
mass index, but did not stratify by prior biologic experience. Their model produced fewer QALYs in
general and an estimate of approximately 0.35 incremental QALYs for adalimumab compared to
conventional therapy, which was higher than our estimates of 0.12 (for biologic-naive) and 0.27 (for
biologic-experienced), perhaps because they used a lower utility value for active UC but similar
values for response, remission, and post-colectomy as well as a higher discount rate (3.5% vs. 3%).
Costs were not comparable across the different health care systems of the US and United Kingdom.

Wu et al.'® used a Markov model to examine the cost effectiveness of 14 possible treatment
sequences (consisting of up to two lines of therapy followed by conventional treatment) for patients
with moderate-to-severe UC, using Chinese and United Kingdom perspectives and costs. They
reported that treatment sequences including tofacitinib and vedolizumab were most cost effective
in the United Kingdom, while treatment with tofacitinib was most cost effective in China. Their cost
estimates from China and the United Kingdom were not comparable to those in our US-based
analysis, but this analysis also reported lower QALYs than our present analysis, again likely due to
the use of lower utility values for active UC (0.42) compared to the value used in the current analysis
(0.699) as well as higher discount rates (3.5% for the United Kingdom and 5% for China). This, along
with the use of generally higher response rate estimates, led to greater incremental
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QALY gains (and consequently lower estimated cost-effectiveness ratios) than were found in our
analysis.

More recently, Lohan et al.’>3 conducted an NMA and Markov model of tofacitinib compared to
biologics and conventional therapy for the treatment of moderate-to-severe UC using a United
Kingdom National Health Service perspective and lifetime horizon. Non-responders in their model
were assumed to move directly to conventional therapy rather than to another biologic. As with
the analyses above, this model used a lower utility value for active UC (0.41) and a higher discount
rate (3.5%) than in our analysis. This resulted in lower estimated lifetime QALYs and larger
incremental QALY gains from treatment in general.

Limitations

We have attempted to model TIMs for the treatment of UC to both reflect clinical practice and
accommodate the limits of available data. The latter has placed some restrictions on how
accurately we can model UC treatment with TIMs. Outcomes for conventional treatment are based
on the placebo arm of clinical trials and may not fully reflect the clinical course of disease in the real
world. In addition, patients may try several treatment options over a lifetime time horizon whereas
our model was limited to only a trial of two TIMs before moving to conventional treatment. For this
reason, our model does not reflect a comprehensive disease model of UC but is instead constructed
with the intent to evaluate the cost effectiveness of the initial TIM of interest while keeping other
factors, such as later line treatment options, relatively constant.

The available options for a second TIM are limited to those with efficacy data in a biologic-
experienced population, excluding the initial TIM, and limited to those with a non-TNF inhibitor
mechanism of action for patients who initiated a TNF-inhibitor TIM as initial treatment. Market
shares for the second TIM meeting all inclusion criteria are assumed to be equally distributed.
These assumptions may not be reflective of real-world treatment patterns. Some TIMs without RCT
data in a biologic-experienced population may be prescribed by some clinicians as a second TIM
(e.g., infliximab as a second TIM after non-response or loss of response to vedolizumab as the initial
TIM). Without efficacy data in a pre-treated population, we are unable to generate reliable
estimates for how well these would perform in a biologic-experienced population and have
excluded them from the market basket.

In the biologic-naive population, we assumed that patients who discontinue to conventional
treatment after two TIMs follow the biologic-naive conventional treatment transition probabilities,
despite the fact that these patients are now biologic-experienced. This may overestimate the
lifetime QALY gain, as biologic-experienced patients have worse outcomes than biologic-naive
patients. However, this assumption was made to equalize the long-term trajectories of both the
TIM-treated group and conventional treatment group, and avoid penalizing the TIM group for
having tried a TIM and becoming a biologic-experienced patient. In reality, the post-TIM
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conventional treatment group is biologic-experienced. An alternative approach would assume that
patients who initiate conventional treatment, our reference group, are also subject to a trial of
multiple conventional treatments and end up in a prior treatment-failure state with transition
probabilities similar to the biologic-experienced conventional treatment probabilities for the
remainder of the lifetime time horizon. Our assumption that both sides are extended to a lifetime
time horizon using biologic-naive transition probabilities produces greater QALYs for both the
conventional treatment arm and TIM arms compared with using biologic-experienced transition
probabilities. However, the relative cost per QALY is anticipated to be similar under both scenarios.

This analysis is based on efficacy inputs from the NMA. All limitations of the NMA (e.g., differences
in clinical trial design) are also limitations of the model, which heavily relies on these inputs to
derive treatment benefit.

Finally, we assumed that patients who enter the maintenance phase have the same risk ratio for
response without remission and response with remission regardless of whether the patient
achieved response with remission or response without remission during induction. We
acknowledge that these may differ in reality (e.g., a patient entering in remission may have a higher
likelihood of maintaining remission). However, due to data limitations, we are unable to create
more granular sets of risk ratios for all comparators.

Conclusions

In summary, our analyses indicate that TIMs improved health outcomes compared to conventional
treatment in both the biologic-naive and biologic-experienced populations. Using net prices,
incremental cost-effectiveness ratio results were above commonly cited thresholds for cost
effectiveness for all TIMs in both populations in the base-case analysis. In the biologic-naive
population, cost-effectiveness ratios were above $150,000 per QALY compared to conventional
treatment for nearly all scenarios and none of the TIMs were cost effective compared to infliximab.

In the biologic-experienced population, no TIMs had a cost per QALY gained compared to
conventional treatment below the $150,000 per QALY threshold. Compared to adalimumab, both
tofacitinib and vedolizumab were cost effective.

5.4 Summary and Comment

We estimated the cost effectiveness of TIMs over a lifetime time horizon for adult patients with
moderate-to-severe UC in biologic-naive and biologic-experienced populations. Patient time spent
in health states of active UC, response without remission, and response with remission was
summed to provide estimates of life expectancy, quality-adjusted life expectancy, and evLY gained.
Annual net health care costs, including net price drug acquisition, administration, adverse events,
and colectomy were summed to estimate lifetime costs for TIMs and conventional treatment. We
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used a transition matrix for conventional treatment based on the placebo arm of RCTs and applied a
risk ratio for TIMs for response without remission and response with remission to derive TIM-
specific transition probabilities between health states for induction and maintenance. Based on
these assumptions, the cost effectiveness of TIMs was estimated to range from $229,000 to
$584,000 per QALY in the biologic-naive population and $382,000 to $553,000 per QALY in the
biologic-experienced population. Results for cost per evLY gained were similar but slightly lower
than cost per QALY, as a result of a small decrease in mortality with the use of TIMs due to
avoidance of colectomy.

The only scenarios in which TIMs compared to conventional treatment resulted in cost per QALY
estimates below the $150,000 per QALY threshold were for infliximab and infliximab-abda
compared with conventional treatment with a modified societal perspective in the biologic-naive
population and for tofacitinib and vedolizumab compared with adalimumab in the biologic-
experienced population.

Considerable uncertainty exists in our model, primarily driven by estimates of health utility values
and wide confidence intervals of risk ratio estimates produced in the NMA. However, results of the
probabilistic sensitivity analysis showed that TIMs are unlikely to be cost effective at the $150,000
per QALY threshold.

Based on our analysis, the cost per additional QALY for TIMs would exceed usual thresholds for cost
effectiveness. These results were tested under a variety of assumptions and alternative sources of
model inputs, few of which drove the incremental cost per QALY below the threshold of $150,000
per QALY gained.
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6. Potential Other Benefits and Contextual

Considerations

Our reviews seek to provide information on potential other benefits offered by the intervention to
the individual patient, caregivers, the delivery system, other patients, or the public that would not
have been considered as part of the evidence on comparative clinical effectiveness. We also
recognize that there may be broader contextual issues related to the severity of the condition,
whether other treatments are available, and ethical, legal, or other societal priorities that influence
the relative value of illnesses and interventions. These general elements are listed in Table 6.1, and
the subsequent text provides detail about the elements that are applicable to the comparison of
TIMs to conventional therapy in UC. We sought input from stakeholders, including individual
patients, patient advocacy organizations, clinicians, and manufacturers, to inform the contents of
this section.

Each ICER review culminates in a public meeting of an independent voting panel of clinicians,
patients, and health services researchers. As part of their deliberations, Panel members will judge
whether a treatment may substantially impact the considerations listed in Table 6.1. The presence
of substantial other benefits or contextual considerations may shift a Panel member’s vote on an
intervention’s long-term value for money to a different category than would be indicated by the
clinical evidence and cost-effectiveness analyses alone. For example, a Panel member may initially
consider a therapy with an incremental cost-effectiveness ratio of $150,000 per QALY to represent
low long-term value for money. However, the Panel member may vote for a higher value category
if they consider the treatment to bring substantial other benefits or contextual considerations.
Conversely, disadvantages associated with a treatment may lead a Panel member to vote for a
lower value category. A Panel member may also determine that there are no other benefits or
contextual considerations substantial enough to shift their vote. All factors that are considered in
the voting process are outlined in ICER’s Value Assessment Framework. The content of these
deliberations is described in the last chapter of ICER’s Final Evidence Report and Meeting Summary,
which is released after the public meeting.

This section as well as the Panel’s deliberation provides stakeholders with information to inform
their decisions on a range of issues, including shared decision-making between patients and
clinicians, coverage policy development, and pricing negotiations.
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Table 6.1. Potential Other Benefits or Contextual Considerations (Not Specific to Any Disease or
Therapy)

Potential Other Benefits

This intervention offers reduced complexity that will significantly improve patient outcomes.

This intervention will reduce important health disparities across racial, ethnic, gender, socio-economic, or
regional categories.

This intervention will significantly reduce caregiver or broader family burden.

This intervention offers a novel mechanism of action or approach that will allow successful treatment of many
patients for whom other available treatments have failed.

This intervention will have a significant impact on improving return to work and/or overall productivity.

Other important benefits or disadvantages that should have an important role in judgments of the value of this
intervention.

This intervention is intended for the care of individuals with a condition of particularly high severity in terms of
impact on length of life and/or quality of life.

This intervention is intended for the care of individuals with a condition that represents a particularly high
lifetime burden of illness.

This intervention is the first to offer any improvement for patients with this condition.

Compared to conventional therapy, there is significant uncertainty about the long-term risk of serious side
effects of this intervention.

Compared to conventional therapy, there is significant uncertainty about the magnitude or durability of the
long-term benefits of this intervention.

There are additional contextual considerations that should have an important role in judgments of the value of
this intervention.

6.1 Potential Other Benefits

As noted in Sections 1 and 2, UC confers a significant burden to patients and their caregivers. As a
disease that is diagnosed primarily before age 30, UC has an important impact on return to work
and/or school as well as overall productivity (i.e., both absenteeism and presenteeism). The
benefits of TIMs relative to conventional therapy may translate into significant and durable periods
of clinical remission, allowing patients to resume normal activities and reducing caregiver impact.

We also heard from both patient advocacy organizations and clinicians that, similar to other chronic
inflammatory conditions, UC is a disease with treatment patterns that involve relatively frequent
switching due to lack of or loss of response, both within and across classes of TIMs. Novel
mechanisms of action, such as that offered by ustekinumab, the newest addition to the
armamentarium, provide additional options for patients with UC whose disease has stopped
responding to other TIM classes. In addition, available UC therapies include oral, self-injectable,
and infused products; patients tend to have clear preferences for method of delivery. For example,
some may value the freedom and independence provided by oral or self-injectable treatments,
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while others may place more weight on the regular clinician interactions that come with scheduled
infusions.

Finally, we heard from the Crohn’s and Colitis Foundation that there are important aspects of the
condition (e.g., pain, fatigue, fecal urgency) not adequately captured by trial-based clinical
endpoints and therefore not fully reflected in the economic model. If TIM therapy addresses these
concerns wholly or in part, there may be benefits to patients and caregivers that have not been
captured by this review.

6.2 Contextual Considerations

As noted above, UC poses a significant lifetime burden on quality of life, and many patients fear the
prospect of surgical intervention and its attendant complications.

In comparison to other chronic inflammatory diseases, RCT evidence for UC is actually relatively
lengthy, with comparative information available out to one year or more in most circumstances.
However, comparative long-term observational data, particularly on safety concerns that may have
been raised during clinical development, vary in availability. For example, while the safety profile of
the TNF inhibitors has been relatively well established in UC and other chronic inflammatory
conditions, these data are sparse for newer TIMs, such as tofacitinib, ustekinumab, and
vedolizumab.

It should be noted that uncertainty surrounding both clinical effectiveness and safety is most
pronounced in pediatric populations where we identified only a single RCT that was not actually a
comparison of alternative TIM therapies (i.e., a comparison of two dose regimens of infliximab).
Infliximab remains the only agent with an FDA indication in children and adolescents, and as such,
there is substantial uncertainty about the long-term benefits and risks of other TIMs in these
patients—uncertainty that will hopefully be addressed by future clinical trials and/or high-quality
observational studies.
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7. Health-Benefit Price Benchmarks

ICER does not provide health-benefit price benchmarks (HBPB) as part of the draft Evidence Report
because results are likely to change based on public comments. We strongly caution readers
against assuming that the values provided for threshold prices in Section 5 will approximate the
HBPBs that will be presented in the next version of this report. Note that these results are
preliminary. Based on reviewer and public input as well as manufacturer and internal model
review, these results may change substantially.
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8. Potential Budget Impact

8.1 Overview

Note that these results are preliminary and for reasons discussed in Section 7 should not be assumed
to reflect the HBPBs that will be provided in the next version of this Report.

We used the cost-effectiveness model to estimate the potential total budgetary impact of the
recently expanded indication of ustekinumab for prevalent individuals in the US with moderate-to-
severe UC. In our estimates of potential budget impact, we used the WAC, estimated net price, and
$50,000, $100,000, and $150,000 cost-effectiveness threshold prices that were weighted averages
of the threshold prices for the biologic-naive and biologic-experienced populations eligible for
ustekinumab. Note that we are using the threshold prices from the scenario analysis that modeled
TIMs compared to conventional treatment without the option of a second TIM (i.e., patients moved
directly to conventional treatment for non-response, loss of response, or discontinuation), with all
other assumptions and input parameters the same as for the base case. We did not include the
other therapies modeled above in this potential budget impact analysis given their established
presence on the market for UC.

8.2 Methods

We used results from the same model employed for the cost-effectiveness analyses to estimate
total potential budget impact. Potential budget impact was defined as the total differential cost of
using this new therapy rather than relevant existing therapies for the treated population, calculated
as differential health care costs (including drug costs) minus any offsets in these costs from averted
health care events. All costs were undiscounted and estimated over a five-year time horizon, given
the potential for cost offsets to accrue over time and to allow a more realistic impact on the
number of patients treated with the new therapy.

This potential budget impact analysis includes the estimated number of individuals with UC in the
US who would be eligible for treatment with ustekinumab. To estimate the size of the potential
candidate populations for treatment, we used an estimate by Turner et al. of the prevalence of
individuals with UC in the US of approximately 900,000 patients.> The Crohn’s and Colitis
Foundation has reported that approximately 22% of UC patients have moderate-to-severe disease
activity in a given year, which would equate to approximately 198,000 patients with moderate-to-
severe UC in the US.1%2 To estimate the proportions of these patients who would be biologic-naive
versus biologic-experienced, we used the weighted average of the baseline distribution of patients
in the relevant trials that enrolled a “mixed” population (i.e., both biologic-naive and biologic-
experienced), resulting in an estimate of approximately 55% of patients who were not using
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biologics and 45% who had previously used biologics. Applying these proportions resulted in
estimates of 108,900 eligible patients who were biologic-naive and 89,100 who were biologic-
experienced. For the purposes of this analysis, we assumed that 20% of these patients would
initiate ustekinumab in each of the five years, or 21,780 biologic-naive patients per year and 17,820
biologic-experienced patients per year.

For patients eligible for ustekinumab, we assumed that patients could be drawn from all other
available treatment options for biologic-naive patients (i.e., adalimumab, golimumab, infliximab,
infliximab-dyyb, infliximab-abda, vedolizumab, and conventional treatment), and from all other
available treatment options for biologic-experienced patients (i.e., adalimumab, tofacitinib,
vedolizumab, and conventional treatment). As in the base-case cost-effectiveness analysis,
proportions of treatments in each population were assumed to be equal in the absence of
contemporary real-world data on utilization patterns in the US.

154 and

ICER’s methods for estimating potential budget impact are described in detail elsewhere
have been recently updated. The intent of our revised approach to potential budgetary impact is to
document the percentage of patients who could be treated at selected prices without crossing a
potential budget impact threshold that is alighed with overall growth in the US economy. For 2019-
2020, the five-year annualized potential budget impact threshold that should trigger policy actions
to manage access and affordability is calculated to be approximately $819 million per year for new

drugs.

8.3 Results

Table 8.1 illustrates the five-year annualized per-patient potential budget impact of ustekinumab
compared to the blended market basket of treatments in the biologic-naive and biologic-
experienced populations, assuming a fixed ratio of 55% biologic-naive and 45% biologic-
experienced patients (based on the baseline distribution of patients in the trials). The results are
based on the list price ($150,425 per year), the net price (591,609 per year), and the annual
weighted-average threshold prices (i.e., in a mixed population of biologic-naive and biologic-
experienced patients) for cost-effectiveness thresholds of $150,000, $100,000, and $50,000 per
QALY versus conventional treatment without the option of a second TIM (approximately $26,100,
$19,100, and $13,100, respectively). Note that this analysis uses results from the cost-effectiveness
model, which accounts for treatment discontinuation and impact of treatments on total net costs.

The average annualized potential budgetary impact when using the list price of ustekinumab was an
additional per-patient cost of approximately $32,800 and approximately $15,600 using the net
price. The weighted-average threshold prices for $50,000 to $150,000 per QALY were estimated to
produce cost savings relative to the treatment market basket, because of the relatively higher cost
offset from the comparator mix (534,300 per patient), which includes several biologics at their net
prices.
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Table 8.1. Annualized Per-Patient Potential Budget Impact Over a Five-Year Time Horizon for
Ustekinumab in a UC Population Assuming 55% Biologic-Naive and 45% Biologic-Experienced

Average Annual Per Patient Budget Impact

o : At $150,000/ | At $100,000/ At $50,000/
- AtNetPrice | galyprice | QALYPrice | QALY Price
[ Ustekinumab 7000 $49,900 $32,100 $30,700 $28,900

55% Naive/45%

Experienced $34,3100

Market Basket

| Netimpact  [EPEN) $15,600 -$2,200 -$3,600 -$5,400

QALY: quality-adjusted life year
All annualized costs include drug and non-drug health care costs. Numbers may not sum due to rounding.

To estimate potential budget impact in the overall population eligible for ustekinumab, we assumed
a fixed ratio of 55% biologic-naive and 45% biologic-experienced patients, as above. In the overall
population eligible for ustekinumab, as shown in Figure 8.1, approximately 24% of eligible patients
could be treated in a given year without crossing the ICER budget impact threshold of $819 million
at the WAC of ustekinumab. Approximately 49% of eligible patients could be treated without
crossing the budget impact threshold at its estimated net price. All eligible patients could be
treated at the $150,000, $100,000, and $50,000 threshold prices, with potential budget impact
estimated to be cost saving at the $150,000 to $50,000 threshold prices.

Figure 8.1. Potential Budget Impact Scenarios of Ustekinumab versus Market Basket Treatment
Mix at Different Acquisition Prices
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8.4 Summary

Potential budget impact in the overall population eligible for ustekinumab could be relatively high,
with treatment of approximately half of eligible patients surpassing the budget impact threshold at
its estimated net price. In contrast, all eligible patients could be treated at the $150,000, $100,000,
and $50,000 threshold prices, with the potential for cost savings at these prices.

% %k %k

This is the first ICER review of TIMs for UC.
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Appendix A. Search Strategies and Results

Table Al. PRISMA 2009 Checklist

# Checklist Item

TITLE
Title ‘ 1 ‘ Identify the report as a systematic review, meta-analysis, or both.
ABSTRACT
Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,

Structured Summary 2 participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of
key findings; systematic review registration number.

INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known.
Objectives a Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).
METHODS
Protocol and e Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
Registration registration information including registration number.
Eligibility Criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.
. Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional
Information Sources 7 .
studies) in the search and date last searched.
Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
. State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included
Study Selection 9

in the meta-analysis).

. Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for
Data Collection Process | 10 o o . .
obtaining and confirming data from investigators.

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and

Data Items 11 P
simplifications made.
Risk of Bias in 1 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at
Individual Studies the study or outcome level), and how this information is to be used in any data synthesis.
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| # Checklist Item

Summary Measures 13 State the principal summary measures (e.g., risk ratio, difference in means).
. Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g.,
Synthesis of Results 14 .
12) for each meta-analysis.
Risk of Bias across 0= Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting
Studies within studies).
. Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which
Additional Analyses 16 .
were pre-specified.
RESULTS
. Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each
Study Selection 17 . . .
stage, ideally with a flow diagram.
e For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide
Study Characteristics 18 .
the citations.
Risk of Bias within . . . . .
studi 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).
udies
Results of Individual o For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention
Studies group (b) effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of Results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.
Risk of Bias across . . .
Sl 22 Present results of any assessment of risk of bias across studies (see Item 15).
udies
Additional Analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
. Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key
Summary of Evidence 24 . .
groups (e.g., health care providers, users, and policy makers).
i o= Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified
imitations
research, reporting bias).
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.
FUNDING
Fundi 57 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
undin
& systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG. The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097
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Table A2. Search Strategies for Medline (via Ovid)

No. Query
1 colitis, ulcerative
2 ((ulcera* adj3 colitis) or inflammatory bowel disease* or IBD or UC).mp
3 (Infliximab or Infliximab-abda or Renflexis or Infliximab-dyyb or Inflectra or Remicade or CT P13).mp.
4 infliximab.af.
5 (Humira or Adalimumab ABTD2E7 or ABT D2E7).mp.
6 adalimumab.af.
7 (Entyvio or MLN00O2 or Vedolizumab).mp.
8 vedolizumab.af.
9 (golimumab or simponi or CNTO 148).mp.

10 golimumab.af.

11 ustekinumab.af.

12 (ustekinumab or stelara or CNTO1275 or CNTO 1275).mp.

13 (tofacitinib or tofacitinib citrate or Xeljanz or CP 690?550).mp.

14 tofacitinib.af.
(abstract or addresses or autobiography or bibliography or biography or clinical trial, phase | or case
report or comment or congresses or consensus development conference or duplicate publication or

15 editorial or guideline or in vitro or interview or lecture or legal cases or legislation or letter or news or
newspaper article or patient education handout or periodical index or personal narratives or portraits
or practice guideline or review or videoaudio media).pt.

16 (animals not (humans and animals)).sh.
exp cohort studies/ or comparative study.pt. or observational study.pt. or exp case-control studies/ or

17 cohort.tw. or (observational adj2 stud*).tw or prospective.tw or retrospective.tw or longitudinal.tw. or
compa®*.tw OR groups.tw OR case control.tw OR multivariate.tw
control Groups/ or (control* adj2 (clinical or group* or trial* or study or studies or design* or

18 arm¥*)).ti,ab. or ("clinical trial" or "clinical trial, phase ii" or "clinical trial, phase iii" or "clinical trial, phase

iv" or "controlled clinical trial" or "multicenter study" or "randomized controlled trial").pt. or
(randomi?ed adj6 (study or trial* or (clinical adj2 trial*))).ti,ab. or ((single or doubl*) adj2 blind*).ti,ab.
19 lor2

20 or/3-14

21 19 and 20

22 21 not 15

23 22 not 16

24 17 or 18

25 23 and 24

26 limit 25 to english language

27 remove duplicates from 26
Date of Search: November 20, 2019
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Table A3. Search Strategies for Embase

No. Query

#1 | 'ulcerative colitis'/exp

#2 ((ulcera* NEAR/3 colitis):ab,ti) OR 'inflammatory bowel disease*':ab,ti OR uc:ti,ab OR ibd:ti,ab

#3 #1 OR #2

44 'infliximab'/exp OR infliximab:ab,ti OR 'remicade':ab,ti OR 'renflexis':ab,ti OR 'inflectra‘:ab,ti OR
'infliximab-adba' OR 'infliximab-dyyb':ab,ti OR 'ct p13':ab,ti

e 'tofacitinib'/exp OR tofacitinib:ab,ti OR tasocitinib:ab,ti OR 'tofacitinib citrate':ab,ti OR xeljanz:ab,ti OR 'cp
690 550':ab,ti OR 'cp 690550':ab, ti

#6 'adalimumab'/exp OR adalimumab:ab,ti OR humira:ab,ti OR abtd2e7:ab,ti OR 'abt d2e7":ab,ti

#7 | 'golimumab'/exp OR 'golimumab':ab,ti OR 'simponi':ab,ti OR 'cnto 148':ab,ti

#8 'ustekinumab'/exp OR ustekinumab:ab,ti OR stelara:ab,ti OR cnto1275:ab,ti OR 'cnto 1275":ab,ti

#9 'vedolizumab'/exp OR vedolizumab:ab,ti OR entyvio:ab,ti OR mIn0002:ab,ti

#10 | #4 OR #5 OR #6 OR #7 OR #8 OR #9

#11 | #3 AND #10
#11 NOT (‘animal experiment'/de OR 'animal model'/de OR 'case report'/de OR 'human cell'/de OR

#12 | 'human tissue'/de OR 'nonhuman'/de OR 'practice guideline'/de OR 'questionnaire'/de OR 'chapter'/it OR
'editorial'/it OR 'letter'/it OR 'note'/it OR 'review'/it OR 'short survey'/it)

#13 | #12 NOT [medline]/lim

#14 | #13 NOT (('animal'/exp OR 'nonhuman'/exp OR 'animal experiment'/exp) NOT 'human'/exp)

#15 | #14 AND [english]/lim
clinical article'/exp OR 'controlled study'/exp OR 'major clinical study'/exp OR 'observational study'/exp
OR 'prospective study'/exp OR 'retrospective study'/exp OR 'longitudinal study'/exp OR 'cohort

#16 | analysis'/exp OR 'cohort':ti,ab OR 'compa*':ti,ab OR 'groups':ti,ab OR 'case control':ti,ab OR
'multivariate':ti,ab OR retrospective:ti,ab OR prospective:ti,ab OR longitudinal:ti,ab OR ((observational
NEAR/2 stud*):ti,ab)

oy (‘clinical':ti,ab AND 'trial':ti,ab) OR 'clinical trial'/exp OR 'randomized controlled trial'/exp OR 'controlled
clinical trial'/exp OR random*:ti,ab or control*:ti,ab OR 'control group'/exp OR 'drug therapy':Ink

#18 | #16 OR #17

#19 | #15 AND #18

Date of Search: November 20, 2019
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Figure Al. PRISMA Flow Chart Showing the Results of the Literature Search for TIMs for UC
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Appendix B. Previous Systematic Reviews and

Technology Assessments

Canadian Agency for Drugs and Technologies in Health (CADTH) Common Drug Review:
Adalimumab (Humira), 2016

Health Canada has approved adalimumab for the treatment of adult patients with moderately-to-
severely active UC who have had an inadequate response to conventional therapy including
corticosteroids, azathioprine and/or mercaptopurine or who are intolerant to such therapies.
CADTH agrees with the labeled indication given by Health Canada but also highlights the
mechanism of action as a novel way to improve patient access. Only ULTRA 2 allowed the inclusion
of patients with prior TNF inhibitor use, so there is uncertainty about its use in those populations.
There is also a lack of head-to-head data between adalimumab and other biologics, so a
recommendation has not been given on its place in therapy. CADTH suggests that, according to
patient preference, patients who achieve remission may discontinue treatment. CADTH’s
reimbursement recommendation was informed by a review of the manufacturer’s
pharmacoeconomic submission. CADTH concluded that the incremental cost-utility ratio for
adalimumab plus standard of care (SOC) compared to SOC alone is between $67,000 per QALY and
$130,000 per QALY. CADTH notes that the surgery costs may be overestimated, the rates of dose
escalation and SOC costs may be underestimated and treatment discontinuation between weeks
eight and 104 was not considered.

Canadian Agency for Drugs and Technologies in Health (CADTH) Common Drug Review:
Golimumab (Simponi), 2013

Health Canada has approved of golimumab 50 mg and 100 mg doses for the use of maintenance in
UC, however CADTH states that the clinical benefit of golimumab 50 mg remains unclear as the
PURSUIT studies have not reported any significant findings for the lower dose. CADTH'’s
reimbursement recommendation was informed by the review of a manufacturer-provided cost-
utility analysis. Based on this analysis, it was concluded that golimumab could lie in the range of
$52,000 to $104,000 per QALY for patients with moderate-to-severely active UC.

Canadian Agency for Drugs and Technologies in Health (CADTH): Infliximab versus Adalimumab
for Patients with Moderate-to-Severe Ulcerative Colitis: Clinical and Cost-Effectiveness, 2008

CADTH collected three systematic reviews on infliximab (Lawson, Gisbert, and Rahimi) as well as
five RCTs for infliximab versus placebo and two RCTs versus corticosteroids and an observational
study (Peyrin-Biroulet) on adalimumab. Because of the limited evidence available on adalimumab
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at the time and that no available head-to-head trials comparing infliximab to adalimumab, CADTH
was unable to draw conclusions on the efficacy of the two treatments versus each other.

Canadian Agency for Drugs and Technologies in Health (CADTH): Common Drug Review
Tofacitinib (Xeljanz), 2019

CADTH’s review of tofacitinib aligns with Health Canada’s approval of tofacitinib for treatment of
moderately-to-severely active UC in adult patients with an inadequate response or intolerance to
conventional UC therapy or a TNF inhibitor. Because of the high rate of infection, CADTH
recommends that patients should be advised to undergo vaccination against herpes zoster infection
prior to the start of treatment. No conclusions could be made about tofacitinib’s effects on
patients’ health-related quality of life due to limited data. CADTH’s reimbursement
recommendation was informed using a manufacturers’ cost-utility analysis. The manufacturers’
analysis concluded that tofacitinib is associated with incremental cost-utility ratios is $8,897
compared to adalimumab, $145,184 compared to infliximab biosimilar, and $118,387 compared to
continued conventional UC treatment for mixed populations. CADTH conducted its own economic
analysis for two populations: biologic-naive and biologic-experienced patients. Price reductions of
44% for biologic-experienced populations and 74% for biologic-naive populations would be needed
for the optimal willingness-to-pay threshold of $50,000 per QALY.

Canadian Agency for Drugs and Technologies in Health (CADTH): Common Drug Review:
Ustekinumab (Stelara). Expected Publication Date TBD.

CADTH will be assessing ustekinumab (Stelara) for the treatment of adult patients with moderately-
to-severely active UC. Ustekinumab’s subcutaneous formulation was recently approved by Health
Canada and is indicated for patients with moderately-to-severely active UC.

Canadian Agency for Drugs and Technologies in Health (CADTH): Common Drug Review:
Vedolizumab (Entyvio). Expected Publication Date TBD.

CADTH will be assessing the subcutaneous formulation of vedolizumab for the treatment of UC in
adult patients with moderately-to-severely active UC who have an inadequate response, loss of
response to, or were intolerant to conventional therapy or infliximab. The IV formulation has
already been approved by Health Canada in the same population. CADTH has also previously
assessed vedolizumab’s IV formulation and researchers noted a significant discontinuation rate
amongst patients, but said the safety profile did not reveal any significant safety concerns. CADTH
also conducted an economic assessment using data provided by the manufacturer and found that
the incremental cost-effectiveness ratio for vedolizumab IV compared to conventional therapy is
between $60,000 to $150,000 per QALY range.
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NICE: Tofacitinib for Moderately-to-Severely Active Ulcerative Colitis (TA547), 2018

NICE recommends tofacitinib, within the marketing authorization, for treating moderately-to-
severely active UC in adults with an intolerance, inadequate response, or loss of response to either
conventional therapy or a biological agent only if the company provides the discount for tofacitinib
as agreed upon in the commercial arrangement. Evidence from the clinical trial demonstrates
tofacitinib is more effective than placebo. Indirect comparisons show tofacitinib is more effective
than adalimumab and golimumab as a maintenance therapy in those who are biologic-naive. For
biologic-experienced patients, tofacitinib is more effective than adalimumab in the induction phase.
A cost-effectiveness analysis was conducted by the manufacturer and reflected tofacitinib as a cost-
effective treatment for the indicated population. For biologic-naive patients, the incremental cost-
effectiveness ratio as compared to conventional therapy was £8,564 per QALY gained and for
biologic-experienced patients, the incremental cost-effectiveness ratio was £10,311 per QALY
gained. For both groups, tofacitinib produced fewer QALYs than vedolizumab but at a lower cost.

NICE: Infliximab, Adalimumab, and Golimumab for Treating Moderately-to-Severely Active
Ulcerative Colitis after the Failure of Conventional Therapy (TA329), 2015

NICE recommends adalimumab, golimumab, and infliximab, within their marketing authorizations,
for adults with moderately-to-severely active UC whose disease has medical contraindications,
intolerance, or inadequate response to conventional therapy (e.g., corticosteroids, mercaptopurine,
or azathioprine). NICE recommends golimumab only if the manufacturer provides the 100 mg dose
at the same cost as the 50 mg dose (as agreed in the patient access scheme). Deciding among the
three treatments is recommended to be done at an individual level between the patient and
clinician where advantages and disadvantages can be discussed. If more than one treatment can be
of use, the least expensive option should be chosen. Further, NICE recommends infliximab as an
option of treating severely active UC in children between six and 17 years of age who respond
inadequately, are intolerant, or have medical contraindications to conventional therapy. The three
biologics should be given as a planned course of treatment until failure or until 12 months after
starting treatment. Patients should be reassessed every 12 months.

An NMA using the placebo-controlled RCTs was conducted to compare the three biologics to each
other. Within the RCTs, the TNF inhibitors were clinically effective as compared with placebo.
However, due to high uncertainty within the results of the NMA, no conclusion was drawn in
relation to the relative effectiveness of the TNF inhibitors. Three sensitivity analyses were
conducted and reported infliximab as having the greatest effect on inducing clinical response or
remission. The systematic review of cost effectiveness identified three economic evaluations of
TNF inhibitors for UC, but none were considered by the assessment group as the assessment group
concluded they did not accurately represent the natural history of the disease. The assessment
group extrapolated the results of the NMA to inform modeling.
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NICE: Ustekinumab for Treating Moderately-to-Severely Active Ulcerative Colitis [ID1511].
Expected Publication Date: 13 May 2020

NICE is currently evaluating the clinical and cost effectiveness of ustekinumab for the treatment of
moderately-to-severely active UC. Proposed comparators include TNF inhibitors (adalimumab,
golimumab, and infliximab), tofacitinib, vedolizumab, and conventional therapies (without
biological treatments). Outcomes of interest include mortality, measures of disease activity, rates
of and duration of response, relapse, and remission, rates of hospitalization and of surgical
intervention, endoscopic healing, mucosal healing, corticosteroid-free remission, adverse effects of
treatment, and health-related quality of life. If evidence allows, the following subgroups will be
explored: people who have been previously treated with one or more biologics and people who
have not received prior biologics.

NICE: Vedolizumab for Treating Moderately-to-Severely Active Ulcerative Colitis (TA342), 2015

NICE recommends vedolizumab as an option to treat adults with moderately-to-severely active UC,
within its marketing authorization, if the company provides the discount agreed upon in the patient
access scheme. NICE recommends vedolizumab to be given until there is a loss of
response/remission or surgery is needed and patients should be reassessed after 12 months on
treatment. NICE did not conduct their own NMA. NMA data presented by the company was
considered but the committee notes that the evidence was not powered to test for treatment
effects of vedolizumab between populations (biologic-naive and biologic-experienced patients) and
the data available for effectiveness after TNF-inhibitor failure was limited to one comparison:
adalimumab. The company provided deterministic base-case results for its modeled populations.
For the overall population, the incremental cost-effectiveness ratio for vedolizumab as compared to
conventional therapy was £33,297 per QALY gained. In the biologic-naive population, the
incremental cost-effectiveness ratio for vedolizumab was £6,634 per QALY gained when compared
to adalimumab and £4,862 per QALY gained as compared to conventional therapy. In the biologic-
experienced population, vedolizumab had an incremental cost-effectiveness ratio of £64,999 per
QALY gained as compared with conventional therapy. The ERG carried out its own exploratory base
case (combining three scenario analyses) and concluded that in the overall population, the
incremental cost-effectiveness ratio for vedolizumab as compared to conventional therapy is
£53,084 per QALY gained. It also concluded that in the biologic-naive population, adalimumab
dominates vedolizumab and in the biologic-experienced population, the incremental cost-
effectiveness ratio for vedolizumab as compared to conventional therapy is £48,205 per QALY
gained.
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Welty, M. et al. Efficacy of Ustekinumab versus Advanced Therapies for the Treatment of
Moderately-to-Severely Active Ulcerative Colitis: a Systematic Review and Network Meta-
Analysis'*®

Researchers conducted a systematic review and NMA to compare the efficacy of ustekinumab to
other advanced therapies for the treatment of moderately-to-severely active UC. Using data taken
from trials of ustekinumab, infliximab, adalimumab, golimumab, vedolizumab, and tofacitinib, they
conducted two fixed-effects Bayesian NMAs: one for the induction phase of the trials alone (six to
eight weeks) and another for the maintenance period (one year). They also conducted separate
analyses for patients who had not been failed by a prior biologic (NBF) and patients who had (BF).

The induction phases of the included trials had consistent designs and could be evaluated using a
standard approach; however, the maintenance phases were either structured as treat-through or
re-randomized. To conduct the analysis, trials with a re-randomized response design were re-
calculated to correspond to a treat-through design to maintain the randomization used at the start
of induction. Researchers cite that this approach factors in both initial and delayed responders. In
trials where maintenance data for the placebo was missing for induction responders or non-
responders, the data was imputed.

In the maintenance phase one-year NMA in NBF patients, doses were pooled as there is no
conclusive evidence of a relationship between dose and efficacy. In clinical response data analyzed
from six studies for NBF patients, ustekinumab had higher odds of response versus adalimumab (OR
4.76,95% Cl: 2.25 to 10.16), golimumab (OR: 3.76, 95% Cl: 1.90 to 7.57), infliximab (OR: 2.62, 95%
Cl: 1.2 to 5.60), and tofacitinib (OR: 2.27; 95% Cl: 1.06 to 4.86). Based on the results analyzed from
seven studies for clinical remission, pooled ustekinumab had higher odds of clinical remission than
adalimumab (OR: 2.43, 95% CI 1.10 to 5.42) and golimumab (OR: 2.40, 95% Cl: 1.40 to 5.22).

Results for patients who were failed a prior biologic (BF) are not presented with pooled doses
because there is a potential dose-response relationship. There were not statistical differences
between ustekinumab and any TIM in the BF population. In the induction phase NMA at six to eight
weeks in NBF patients, ustekinumab 6 mg/kg had higher odds of response versus adalimumab (OR:
1.94,95% Cl 1.10 to 3.45). In BF patients, ustekinumab 6 mg/kg had higher had higher odds of
response versus adalimumab (OR: 2.48, 95% Cl 1.17 to 5.31).

Overall, in patients with moderately-to-severely active UC who have not been failed by prior
biologic therapy, patients on ustekinumab have a higher probability of clinical remission and
response versus other advanced therapies. Patients who have previously been failed by a biologic
have a similar probability versus other therapies, but they were associated with greater uncertainty
because of smaller patient counts and power placebo efficacy rates.
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Lohan, C. et al. Tofacitinib for the Treatment of Moderately-to-Severely Active Ulcerative Colitis:
A Systematic Review, Network Meta-Analysis and Economic Evaluation>3

Researchers conducted a systematic review, NMA, and economic evaluation to evaluate the efficacy
and safety of available treatments for patients with moderately-to-severely active UC. The
treatments included in the review include TNF inhibitors (adalimumab, golimumab, and infliximab)
as well as tofacitinib and vedolizumab. Varying doses and dosing regimens were seen as
comparators within the review. The outcomes of interest were efficacy outcomes (clinical response
and remission) and serious infection. Twenty-two RCTs were included in the review and 17 of those
RCTs were included in the NMA. To be included in the NMA, RCTs needed to have data for either
an induction period and/or a maintenance period, reporting on the previously mentioned
outcomes. The data from three treat-through trials were recalculated to match the data from five
studies that re-randomized participants after the induction phase, and the differences in placebo
response rates were not adjusted for. Separate analyses for the populations of biologic-naive and
biologic-experiences were conducted. For both biologic-naive and biologic-experienced, the results
of the NMA showed no significant differences among the treatments. For the biologic-naive
population, all the treatments were more effective than placebo in the induction phase, however,
no results were statistically different in the maintenance phase due to large credible intervals. For
the biologic-experienced population during induction, tofacitinib was the only treatment to have
statistically greater efficacy than placebo for clinical response (OR: 4.28, 95% Cl to 1.27-18.59) and
for clinical remission (OR: 5.61, 95% Cl, 1.36 to 4.53). During maintenance, tofacitinib and
vedolizumab were the only treatments to appear more efficacious than placebo. For tofacitinib,
significant results were seen for clinical response and clinical remission for both the 5 mg (OR: 4.53,
95% Cl: 2.1 10 22.23; OR: 4.7 95% Cl: 2.12 to 26.64) dose and the 10 mg dose (OR: 8.66, 95% Cl: 3.87
to 65.79; OR: 8.98, 95% Cl: 3.91 to 80.19), respectively. Similarly, significant results were seen for
both clinical response and clinical remission for vedolizumab 300 mg every eight weeks (OR: 6.51,
95% Cl: 2.45 to 46.58; OR: 6.78, 95% Cl: 2.49 to 56.15) and 300 mg every four weeks (OR: 5.74, 95%
Cl: 1.91 to 41.39; OR: 5.97, 95% Cl: 1.94 to 49.09), respectively. No significant differences were
seen among the treatments for serious infections.

A cost-effectiveness analysis was conducted. For the biologic-naive population, the incremental
cost-effectiveness ratio for tofacitinib as compared with conventional treatment was £21,338 per
QALY. Patients treated with tofacitinib are predicted to gain more QALYs that patients treated with
infliximab. Additionally, it was suggested that a mixed strategy of conventional therapy and
tofacitinib would provide more QALYs overall. For the biologic-experienced population, the
incremental cost-effectiveness ratio for tofacitinib as compared with conventional treatment was
£22,816 per QALY. Similarly, tofacitinib is predicted to result in more QALYs than infliximab. The
QALYs between vedolizumab and tofacitinib reflected near equivalence in both populations with
vedolizumab having a higher total cost over the lifetime than tofacitinib, £8,730 and £4,981,
respectively.
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Appendix C. Ongoing Studies

. . . . . . Estimated
Title/Trial Sponsor Study Design Comparators Patient Population Primary Outcomes .
Completion Dates
Infliximab
. Inclusion
Infliximab Accelerated Ages 6-17 years with UC

Induction in Moderate to
Severe Pediatric UC

Randomized, Parallel

Accelerated induction of
IFX at 0, 1, 3 wks (5
mg/kg) and then at wk 7,

diagnosis
Naive to biologics

(INDUCE) Assignment, OL Study Planned to initiate IFX . o
11, 15 Clinical remission .
PUCAI = 35 April 2022
. on IFX at week 20
NCT03209232 Estimated .
- - Active Comparator .
Enrollment: 84 ) . Exclusion
. . , Per protocol induction of .
Schneider Children’s Acute severe colitis
. IFX at 0, 2, 6 wks (5 ] .
Medical Center, Israel Renal failure or toxic megacolon
mg/kg) and then at wk 14 . .
Prior treatment with IFX or ADA
Adalimumab
Inclusion Percentage of
Efficacy and Safety of Active UC with diagnosis for at participants who:
Adalimumab in Pediatric . least 12 weeks prior to screening
. . Phase Ill, MC, DB, Intervention
Subjects with Moderate to Ages 4-17 Respond at wk 8
. . RCT ADA 0.6 mg/kg every wk
Severe Ulcerative Colitis per PMS and
. . . September 2020
. . Exclusion achieve clinical
Estimated Intervention - . L
NCT02065557 Subject with CD or remission at wk 52
Enrollment: 100 ADA 0.6 mg/kg EOW . ) .
indeterminate colitis
AbbVie Current diagnosis of fulminant Achieve clinical
colitis and/or toxic megacolon remission at wk 8
Long-term Safety and . Inclusion .
. . . Phase Ill, MC, OL Intervention Proportion of March 2026
Efficacy of Adalimumab in . Successfully enrolled and .
o . ) extension ADA subjects who
Pediatric Subjects with completed M11-290 study ,
. . achieve:
Ulcerative Colitis
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https://clinicaltrials.gov/ct2/show/NCT03209232?term=infliximab&recrs=abdf&cond=ulcerative+colitis&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT02065557?term=Adalimumab&recrs=abdf&cond=Ulcerative+Colitis&draw=4&rank=3

Title/Trial Sponsor

Study Design

Comparators

Patient Population

Primary Outcomes

Estimated
Completion Dates

NCT02632175

AbbVie

Estimated
Enrollment: 93

Exclusion
Considered unsuitable candidate
by investigator

Clinical remission
(PMS)

Clinical response
(PMS)

PUCAI response
PUCAI remission

A Long-Term Registry of
Humira®(Adalimumab) in
Patients with Moderately
to Severely Active

Long-term
Observational
Prospective Cohort

Intervention
ADA

Inclusion

ADA group

Patients with mod-to-sev UC
currently taking ADA for at least
8 wks or entering after
participation in AbbVie or Abbott
sponsored UC study

IMM group

Patients with mod-to-severe UC
prescribed with or currently

Evaluation of long-
term safety of ADA

Ulcerative Colitis (UC) . in patients with April 2027
. taking IMM therapy for at least
. Intervention mod-to-severe
Estimated 12 wks .
NCT01848561 IMM therapy active UC
Enrollment: 8,250
. Exclusion

AbbVie .
Patients on IMM therapy
without a concurrent biologic if
they cannot continue being
treated with IMM therapy
Patients treated with other
investigational agents

Golimumab
A Study to Assess the Intervention 1 . L o
. Phase Ill, OL RCT Inclusion Clinical remission at
Efficacy and Safety of GOL SC through wk 50 — September 2024
. . L Mod-to-sev UC wk 6
Golimumab in Pediatric
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https://clinicaltrials.gov/ct2/show/NCT02632175?term=Adalimumab&recrs=abdf&cond=Ulcerative+Colitis&draw=4&rank=2
https://clinicaltrials.gov/ct2/show/NCT01848561

Title/Trial Sponsor

Study Design

Comparators

Patient Population

Primary Outcomes

Estimated
Completion Dates

Participants with
Moderately to Severely
Active Ulcerative Colitis
(PURSUIT 2)

NCT03596645

Janssen Research &
Development, LLC

Estimated
Enrollment: 125

Intervention 2
IFX IV through wk 46

Must either be currently
receiving treatment with, or
have a history of having failed to
respond to, or have a medical
contraindication to at least 1 of
the following therapies: oral or
IV corticosteroids, MP, and
azathioprine OR must either
have or have has history of
corticosteroid dependency

Exclusion

Contraindications to the use of
GOL or IFX or TNF therapy per
local prescribing information
History of malignancy or
macrophage activation
syndrome

Have UC limited to rectum only
or to <20% of the colon

An Observational
Prospective Long-term
Exposure Registry of Adult
Patients with Moderate-

Prospective, Cohort
Study

Intervention
GOL

Inclusion

Mod-to-sev UC

Cohort 1

Currently receiving GOL or is

to-Severe Ulcerative Colitis continuing to receive after Incidence of Julv 2031
u
(OPAL) T Comparator participation in a UC study, or lymphoma v
stimate
Participants receiving schedule to receive GOL within
Enrollment: 6000 . .
NCT02808780 thiopurines 30 days after enrollment
Cohort 2
Janssen Biotech, Inc. Currently receiving thiopurine
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https://clinicaltrials.gov/ct2/show/NCT03596645?term=golimumab&recrs=abdf&cond=Ulcerative+Colitis&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT02808780?term=golimumab&recrs=abdf&cond=Ulcerative+Colitis&draw=3&rank=11

Title/Trial Sponsor

Study Design

Comparators

Patient Population

Primary Outcomes

Estimated
Completion Dates

Must not be receiving approved
biologics agents

Exclusion

Patients who cannot be treated
with GOL or thiopurines
Currently receiving
investigational or biologic agent
other than GOL

Vedolizumab

Entyvio (Vedolizumab)
Long Term Safety Study
(Entyvio PASS)

Prospective
Observational Cohort

Intervention
VEDO or other biologic

Inclusion

18+ years of age
Initiating VEDO or another
biologic agent for UC or CD

Percentage of

agents (ADA, Exclusi participants with AE | July 2021
xclusion
NCT02674308 Estimated certolizumab pegol, GOL, | — . of special interest
- - Prior treatment with VEDO
Enrollment: 5,302 IFX) . . L
Enrollment in a clinical trial in
Takeda . .
which treatment for CD or UC is
managed through a protocol
Vedolizumab IV in .
L . . Inclusion
Pediatric Participants With | Phase ll, . . o
. . . Intervention >10 kg at time of randomization
Ulcerative Colitis (UC) or Randomized, DB, - .
. . High dose VEDO Mod-to-sev active UC Serum
Crohn’s Disease (CD) Dose-ranging Study . . .
Evidence of UC extending concentration at wk | December 2020
Comparator roximal to rectum 14
NCT03138655 Estimated P
- Low dose VEDO Inadequate response to, loss of
Enrollment: 80 .
response to, or intolerance to at
Takeda
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https://clinicaltrials.gov/ct2/show/NCT02674308?term=vedolizumab&recrs=adf&cond=Ulcerative+Colitis&draw=3&rank=12
https://clinicaltrials.gov/ct2/show/NCT03138655?term=vedolizumab&recrs=adf&cond=Ulcerative+Colitis&draw=2&rank=10

Title/Trial Sponsor

Study Design

Comparators

Patient Population

Primary Outcomes

Estimated

Completion Dates

least one of: corticosteroids,
IMM, anti-TNF

Exclusion

Previous exposure to approved
or investigations anti-integrins
Prior exposure to VEDO

Use of topical treatment with
ASA or corticosteroids within 2
wks of first administration of
drug dose

Long-term Safety With
Vedolizumab Intravenous
(IV) in Pediatric
Participants With

Phase llb,
randomized

Intervention

Inclusion

2-17 years old

Completed Study MLN0002-2003
and at wk 22, achieved clinical

Percentage of

Ulcerative Colitis (UC) or . High dose VEDO response . .
. extension study participants with
Crohn’s Disease July 2025
. treatment-
. Comparator Exclusion

Estimated . . emergent AEs
NCT03196427 - Low dose VEDO Hypersensitivity or allergies to

Enrollment: 80

- VEDO
Takeda Withdrew from study MLNO0O2-

2003
Vedolizumab
Subcutaneous Long-Term Ph b Intervention Inclusion Percentage of
ase non- - -

Open-Label Extension domized. OL Group A: VEDO SC 108 Prior participation in study participants with

randomized,
Study mg Q2W MLNO0002SC-3027 or study drug related

February 2022
Estimated MLNO0002SC-3031 treatment-
stimate

NCT02620046 Group B: VEDO SC 108 mg emergent AEs and

Enrollment: 692 .

Qw Exclusion SAEs
Takeda
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https://clinicaltrials.gov/ct2/show/NCT02620046?term=vedolizumab&recrs=adf&cond=Ulcerative+Colitis&draw=6&rank=23

Estimated
Completion Dates

Title/Trial Sponsor Study Design Comparators Patient Population Primary Outcomes

Surgical intervention for IBD
during or after previously
mentioned studies

Withdrawal from previous
studies due to study-drug related
AE

Tofacitinib

Inclusion

Subjects who completed
A3921094 or A3921095 and
were classified as not meeting
clinical response criteria
Subjects who completed
maintenance study A3921096 or

Long-Term Study of CP-
g y who discontinued treatment

690, 550 in Subjects with OL, long-term Intervention: CP-690 5 .
. o ) early in study A3921096 due to
Ulcerative Colitis extension study mg for 12 months . Safety measured by
treatment failure
the number of July 2020
NCT01470612 Estimated Intervention: CP-690 10 Exclusi reported AEs
xclusion
enrollment: 944 mg for 12 months B .
pfi Subjects who had a major
izer

protocol violation in A3921094,
A3921095 or A3921096
Presence of indeterminate
colitis, or findings suggestive of
Ccbh

Subjects who had surgery for UC
or are likely to require surgery
ADA: adalimumab, AE: adverse event, ASA: aminosalicylates, CD: Crohn’s disease, DB: double blind, GOL: golimumab, IBD: inflammatory bowel disease, IFX: infliximab, IMM: immunomodulator, IV:
intravenous, kg: kilogram, MC: multicenter, mg: milligram, mod-to-sev: moderate-to-severe, MP: mercaptopurine, OL: open label, PUCAI: Pediatric Ulcerative Colitis Activity Index, Q2W: every two

weeks, RCT: randomized controlled trial, SAE: serious adverse event, SC: subcutaneous, TNF: tumor necrosis factor, UC: ulcerative colitis, VEDO: vedolizumab, wk: week
Source: www.ClinicalTrials.gov (NOTE: studies listed on site include both clinical trials and observational studies).
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Appendix D. Comparative Clinical Effectiveness

Supplemental Information

We used criteria published by the USPSTF to assess the quality of RCTs and comparative cohort
studies, using the categories “good,” “fair,” or “poor.” Guidance for quality ratings using these
criteria is presented below, as is a description of any modifications we made to these ratings
specific to the purposes of this review.

Good: Meets all criteria: Comparable groups are assembled initially and maintained throughout the
study; reliable and valid measurement instruments are used and applied equally to the groups;
interventions are spelled out clearly; all important outcomes are considered; and appropriate
attention is paid to confounders in analysis. In addition, intention-to-treat analysis is used for RCTs.

Fair: Studies were graded "fair" if any or all of the following problems occur, without the fatal flaws
noted in the "poor" category below: Generally comparable groups are assembled initially but some
question remains whether some (although not major) differences occurred with follow-up;
measurement instruments are acceptable (although not the best) and generally applied equally;
some but not all important outcomes are considered; and some but not all potential confounders
are addressed. Intention-to-treat analysis is done for RCTs.

Poor: Studies were graded "poor" if any of the following fatal flaws exists: Groups assembled
initially are not close to being comparable or maintained throughout the study; unreliable or invalid
measurement instruments are used or not applied equally among groups (including not masking
outcome assessment); and key confounders are given little or no attention. For RCTs, intention-to-
treat analysis is lacking.

Note that case series are not considered under this rating system; because of the lack of
comparator, these are generally considered to be of poor quality.

ICER Evidence Rating

We used the ICER Evidence Rating Matrix (see Figure D1) to evaluate the evidence for a variety of
outcomes. The evidence rating reflects a joint judgment of two critical components:

1. The magnitude of the difference between a therapeutic agent and its comparator in “net
health benefit” — the balance between clinical benefits and risks and/or adverse effects
2. The level of certainty in the best point estimate of net health benefit.1%¢
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Figure D1. ICER Evidence Rating Matrix

Comparative Clinical Effectiveness
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A = “Superior” - High certainty of a substantial (moderate-large) net health benefit

B = “Incremental” - High certainty of a small net heaith benefit

C = “Comparable”- High certainty of a comparable net health benefit

D= “Negative”- High certainty of an inferior net health benefit

B+= “Incremental or Better” — Moderate certainty of a small or substantial net health benefit, with high
certainty of at least a small net health benefit

C+ = “Comparable or Incr - Moderate certainty of a comparable or small net health benefit, with
high certainty of at least a comparable net health benefit

C- = “Comparable or Inferior” — Moderate certainty that the net health benefit is either comparable or
inferior with high certainty of at best a comparable net health benefit

C++ = “Comparable or Better” - Moderate certainty of a comparable, small, or substantial net health
benefit, with high certainty of at least a comparable net health benefit

P/I = “Promising but Inconclusive” - Moderate certainty of a small or substantial net health benefit, small
(but nonzero) likelihood of a negative net health benefit

I = “Insufficient” — Any situation in which the level of certainty in the evidence is low

o
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Table D1. Study Design of Included RCTs

Trial/ Timepoint
TT or RR*

Naive (%)
Exp (%)*

Treatment Arms (n)

Infliximab

Trial Inclusion Criteria | Trial Exclusion Criteria

ACT 1/
Rutgeerts 2005
IND + MAINT
(8/54 Wks) TT

ACT 2/
Rutgeerts 2005
IND + MAINT
(8/30 Wks) TT

Kobayashi 2016
IND + MAINT
(8/30 Wks) TT

Jiang 2015
IND + MAINT
(8/30 Wks) TT

364

364

208

82

Naive (100%)

Naive (100%)

Naive (100%)

Naive (100%)

1) IFX 5 mg/kg (n=121)
2) IFX 10 mg/kg (n=122)
3) PBO (n=121)

atwkO, 2, and 6

1) IFX 5 mg/kg (n=121)
2) IFX 10 mg/kg (n=120)
3) PBO (n=123)

atwkO, 2,and 6

1) IFX 5 mg/kg (n=104)
2) PBO (n=104)
atwkO0, 2, and 6

1) IFX 3.5 mg/kg (n=41)
2) IFX 5 mg/kg (n=41)
3) PBO (n=41)

atwkO, 2,and 6

All patients
moved to
MAINT

All patients
moved to
MAINT

Only
responders
moved to
MAINT

All patients
moved to
MAINT

1) IFX 5 mg/kg (n=121)
2) IFX 10 mg/kg (n=122)
3) PBO (n=121)

8w through wk 46

1) IFX 5 mg/kg (n=121)
2) IFX 10 mg/kg (n=120)
3) PBO (n=123)

g8w through wk 22

1) IFX 5 mg/kg (n=73)
2) PBO (n=72)
8w through wk 22

1) IFX 3.5 mg/kg (n=41)
2) IFX 5 mg/kg (n=41)
3) PBO (n=41)

g8w through wk 22

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of the
following conventional
therapies: oral ASAs,
oral CSs, AZA, and/or
MP; or were CS
dependent

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, >1 of the
following conventional
therapies: oral ASAs,
oral CSs, AZA, and/or
MP; or were CS
dependent

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of the
following conventional
therapies: oral ASAs,

Indeterminate colitis
or CD; received
rectally administered
CSs or medications
containing ASAs within
2 wks of screening;
previously exposed to
IFX or other TNF

Recent bowel surgery
or complications;
bowel complications:
stricture, fistula, or
dysplasia; treatment
with other biologics,
MTX, calcineurin
inhibitors, or
cytapheresis within
previous 18 mo

Indeterminate colitis
or CD; recent
infection, positive TB
tests; received rectally
administered CSs or
drugs containing ASAs
within 2 wks of
screening; previously
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Trial/ Timepoint
TT or RR*

NCT01551290
IND + MAINT 99
(8/26 Wks) TT

ULTRA 1/
Reinisch 2011
IND only

(8 Wks)

390

ULTRA 2/
Sandborn 2012
IND + MAINT
(8/52 Wks) TT

494

Naive (%)
Exp (%)t

Naive (100%)

Naive (100%)

Naive (60%)
Exp (40%)

Treatment Arms (n)

1) IFX 5 mg/kg (n=49)
2) PBO (n=50)
atwkO0, 2, and 6

1) ADA 160/80 mg (n=130)
160 mg at wk 0, 80 mg at wk 2,
40 mg at wks 4 and 6

2) ADA 80/40 mg (n=130)

80 mg at wk 0, 40 mg at wks 2,
4, and 6

3) PBO (n=130)

1) ADA 160/80 mg (n=248)
160 mg at wk 0, 80 mg at wk 2,
then 40 mg EOW

2) PBO (n=246)

All patients
moved to
MAINT

Starting at wk
12,
inadequate
responders
could receive
OL ADA

1) IFX 5 mg/kg (n=50)
2) PBO (n=49)
q8w through wk 22

1) ADA 40 mg EOW (n=248)
2) PBO (n=246)
through wk 52

Trial Inclusion Criteria | Trial Exclusion Criteria

oral CSs, AZA, and/or
MP

Mayo Score 6-12 &
endoscopic subscore >2

Active UC despite
treatment with CSs,
AZA, MP, or ASA

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, loss of response to,
or intolerance to at
least 1, either oral CS,
and/or IMM

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of the
following conventional
therapies: oral ASAs,
oral CSs, AZA, and/or
MP; TNF-experienced
other than ADA

exposed to IFX or
other TNF

Extensive colitis or UC
limited to only rectum
or less than 20 cm of
colon; treatment with
cyclosporine,
tacrolimus, sirolimus,
or mycophenolate
mofetil within 8 wks

Adalimumab

Ulcerative proctitis,
previous receipt of
TNF or biologic
including ADA, IV CS,
cyclosporine,
tacrolimus,
mycophenolate
mofetil or MTX 30-60
days prior to baseline
History of subtotal
colectomy, Kock
pouch, or planned
bowel surgery;
previous treatment
with ADA; receipt of IV
CSs within 2 wks of
screening; receipt of
therapeutic enema or
suppository, other
than required for
endoscopy, within 2
wks of the screening

©Institute for Clinical and Economic Review, 2020

Draft Evidence Report — Targeted Immune Modulators for UC

Page 141

Return to Table of Contents




Trial/ Timepoint
TT or RR*

Suzuki 2014
IND + MAINT 273
(8/52 Wks) TT

PURSUIT SC/
Sandborn 2014/
IND Only 773

(6 Wks)

PURSUIT M/
Sandborn 2014
MAINT

(54 Wks) RR

464

Naive (%)
Exp (%)t

Naive (100%)

Naive
(100%)

Naive
(100%)

1) ADA 160/80 mg (n=87)
160 mg at wk 0, 80 mg at wk 2,

Starting at wk
8, inadequate

then 40 mg EOW
responders
2) ADA 80/40 mg (n=90) )
entered into
80 mg at wk 0 then 40 mg EOW

3) PBO (n=96)

1) GOL 200/100 mg (n=257)

200 mg at wk 0 and

100 mg at wk 2

2) GOL 400/200 mg (n=258) --
400 mg at wk 0 and 200 mg at

wk 2

3) PBO (n=258)

Responders

at wk 6 were
PURSUIT-SC and PURSUIT-IV .

randomized

in MAINT

"rescue arm"

Treatment Arms (n)

1) ADA 40 mg EOW (n=177)

2) PBO (n=96)
through wk 52

1) GOL 50 mg (n=154)
2) GOL 100 mg (n=154)
3) PBO (n=156)

g4w through wk 52

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of following
conventional therapies:
oral ASAs, oral CSs,
AZA, and/or MP; TNF-
naive

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of following
conventional therapies:
oral ASAs, oral CSs,
AZA, and/or MP; or CS
dependent

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of following
conventional therapies:
oral ASAs, oral CSs,
AZA, and/or MP; CS
dependent

Trial Inclusion Criteria | Trial Exclusion Criteria

Indeterminate colitis
or CD; planned bowel
surgery; received CS
injection,
cyclosporine,
tacrolimus, or
mycophenolate
mofetil within 4 wks;
prior treatment with
TNFs or biologic

TNF(s), natalizumab or
other agents targeting
a-4 integrin, B-cell
depleting agents, or T-
cell depleting agents
within 12 mo of first
study-agent injection;
cyclosporine within 8
wks before first study
agent injection

Patients with isolated
proctitis, patients with
B
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Trial/ Timepoint
TT or RR*

PURSUIT J/
Hibi 2017
MAINT

(54 Wks) RR

144

GEMINI 1/
Feagan 2013
IND + MAINT
(6/52 Wks) RR

895

VISIBLE 1%/
Sandborn 2019
IND + MAINT
(6/52 Wks) RR

383

Naive (%)
Exp (%)t

Naive
(100%)

Naive (52%)
Experienced
(48%)

Naive (61%)
Exp (39%)

Treatment Arms (n)

1) OL GOL 200/100 mg (n=144)
200 mg at wk 0, 100 mg at wk 2

Cohort 1

1) VEDO 300 mg (n=225)

2) PBO (n=149)

Cohort 2

1) OL VEDO 300 mg (n=521) at
wk 0 and 2

1) OL VEDO 300 mg (n=383) at
wk 0 and 2

Responders
at wk 6 were
randomized
in MAINT

Responders
at wk 6 were
randomized
in MAINT

Responders
at wk 6 were
randomized
in MAINT

1) GOL 100 mg (n=32)
2) PBO (n=31)
q4w through wk 52

1) VEDO q8w (n=122)
2) VEDO g4w (n=125)

3) PBO (n=126) through wk 52

1) VEDO 108 mg (SC) 2w
(n=106)
2) VEDO 300 mg (IV) 8w
(n=154)

3) PBO (n=56) through wk 52

Trial Inclusion Criteria | Trial Exclusion Criteria

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, or had failed to
tolerate, 21 of following
conventional therapies:
oral ASAs, oral CSs,
AZA, and/or MP; CS
dependent

Mayo Score 6-12 &
endoscopic subscore of
22

Inadequate response
to, or had failed to
tolerate, 21 of following
conventional therapies:
glucocorticoids, AZA,
MP, or TNFs

Mayo Score 6-12 &
endoscopic subscore >2

Inadequate response
to, loss of response to,
or intolerance to at
least 1, either a CS,
IMM, or TNF

Severe and extensive
colitis requiring
colectomy; colitis
limited to 20 cm of
colon; any prior
abdominal surgery

Vedolizumab

Received TNF within
60 days prior to
enrollment;
cyclosporine,
thalidomide, or
investigational drugs
within 30 days of
enrollment; previous
VEDO, natalizumab,
efalizumab, or
rituximab

Exposure to any
biologics within 60
days or 5 half-lives of
screening; exposure to
any nonbiologic
therapies such as
cyclosporine,
tacrolimus,
thalidomide, MTX, or
TOF within 30 days or
5 half-lives of
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Trial/ Timepoint
TT or RR*

Motoya 2019
IND + MAINT
(10/60 Wks) RR

292

Naive (%)
Exp (%)t

Naive (49%)
Exp (51%)

Treatment Arms (n)

Cohort 1

1) VEDO 300 mg (n=164)

2) Placebo (n=82)

Cohort 2

1) OL VEDO 300 mg (n=46) at
wk 0, 2, and 6

Responders

at wk 6 were 1) VEDO 300 mg q8w (n=41)
randomized 2) PBO (n=42) through wk 52
in MAINT

Head-to-Head

Trial Inclusion Criteria | Trial Exclusion Criteria

Mayo Score 6-12 &
endoscopic subscore >2

Total or left-side
diagnosis with
treatment failure with
CSs, IMMs, or TNF

screening was also not
permitted

Suspected abdominal

abscess or toxic
megacolon; history of
colectomy or recent
enterectomy or
previously treatment
with VEDO,
natalizumab,
efalizumab, or
rituximab

VARSITY/
Sands 2019
IND + MAINT
(14/52 Wks) TT

769

OCTAVE 1/
Sandborn 2017
IND only 598

(8 Wks)

Naive (79%)
Exp (21%)

Naive (47%)
Exp (53%)

1) VEDO 300 mg (n=383)
atwkO, 2, and 6

2) ADA 160/80mg (n=386)

160 mg at wk 0, 80 mg at wk 2,
and 40 mg at wk 4 and 6

1) TOF 10 mg (n=476)
2) PBO (n=122)
twice daily for 8 wks

All patients 1) VEDO 300 mg 8w (n=383)
moved to 2) ADA 40 mg EOW (n=386)
MAINT through wk 50

Mayo Score 6-12 &
endoscopic subscore >2

No response or loss of
response to
conventional
treatments or
discontinued treatment
with a TNF (except
ADA) or TNF-naive

Mayo Score 6-12 &
rectal bleeding
subscore of 1 to 3 &
endoscopic subscore of
22

Crohn's colitis, or
indeterminate colitis;
subtotal or total
colectomy; active
infection,
cyclosporine,
tacrolimus,
thalidomide within 30
days; history of
malignancy

Tofacitinib

Presence of CD, UC
limited to distal 15 cm
of colon, signs of
fulminant colitis, toxic
megacolon, or
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Trial/ Timepoint Naive (% Treatment Arms (n . . o . : o
L p* ! " o( ) (n) - Trial Inclusion Criteria | Trial Exclusion Criteria
TT or RR Exp (%)t Maintenance

indeterminate,

Inadequate response microscopic, ischemic,
OCTAVE 2/ } ) ; »
to, or had failed to or infectious colitis
Sandborn 2017 . 1) TOF 10 mg (n=476) .
Naive (45%) tolerate, 21 of following
IND only 588 2) PBO (n=112) = = ' i
Exp (55%) . . conventional therapies:
(8 Weeks) twice daily for 8 wks
oral or IV
glucocorticoids, AZA,
and/or MP, IFX, or ADA
OCTAVE Adults who completed Patients who met
Responders 1) TOF 5 mg (n=198) . . L
SUSTAIN/ . OCTAVE induction 1 or criteria for treatment
Naive (52%) at wk 8 were 2) TOF 10 mg (n=197) . . .
Sandborn 2017 593 OCTAVE 1and 2 . 2 and had clinical failure and received
Exp (48%) randomized 3) PBO (n=198) . .
MAINT . . . response during rescue therapy during
in MAINT twice daily for 52 wks . . . i
(52 Wks), RR induction trial IND trial

Severe extensive
Mayo Score 6-12 & colitis and at
endoscopic subscore 22  imminent risk of

colectomy, have UC

UNIFI/ 1) UST 130 mg (n=320) Responders 1) UST 90 mg SC q12w o
. Inadequate response to  limited to rectum,
Sands 2019 Naive (49%) 2) UST 6 mg/kg (n=322) at wk 8 were (N=172) .
961 . or unacceptable side presence of a stoma
IND + MAINT Exp (51%) 3) PBO (n=319) randomized 2) UST 90 mg SC q8w (N=176) . )
. . effects from TNFs, or history of a fistula,
(8/52 Wks), RR single dose in MAINT through wk 52 ' ) )
VEDO, or conventional history of extensive
(i.e., nonbiologic) colonic resection, or
therapy history of mucosal
dysplasia

ADA: adalimumab, ASA: acetylsalicylic acid, AZA: azathioprine, CD: Crohn’s disease, cm: centimeter, CS: corticosteroid, EOW: every other week, Exp: Experienced, GOL: golimumab, IFX: infliximab,
IMM: immunomodulator, IND: induction, IV: intravenous, MAINT: maintenance, mg: milligram, mg/kg: milligram per kilogram, MP: mercaptopurine, mo.: month, MTX: methotrexate, n: number, N:
total number, OL: open label, PBO: placebo, q12w: every 12 weeks, q8w: every 8 weeks, g4w: every 4 weeks, RR: re-randomized, SC: subcutaneous, TB: tuberculosis, TNF: tumor necrosis factor, TOF:
tofacitinib, TT: treat through, UC: ulcerative colitis, UST: ustekinumab, VEDO: vedolizumab, Wk: week

*Treat-through or re-randomized trial for trials with maintenance phase.

tReported are the proportions of biologic-naive and biologic-experienced populations. Note that trials used different criteria regarding prior exposure to biologics to define their strata when reporting
subgroup results. ULTRA 2, Motoya 2019, and VARSITY defined subgroups as “TNF-naive” and “TNF-experienced.” GEMINI 1 and VISIBLE 1 defined subgroups as “TNF-naive” and “TNF-failure.” The
OCTAVE trials defined subgroups as “no TNF-failure” and “TNF-failure.” UNIFI defined subgroups as “biologic failure” and “biologic non-failure.” Of note, UNIFI allowed patients who were failed by
vedolizumab to enroll.

$For VISIBLE 1, subcutaneous vedolizumab was not an intervention of interest, but we have presented data in the appendices.
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Table D2. Study Quality of Included RCTs

Non- Clear Clear
Comparable | Differential

Patient/Investigator . . .. Intention | Approach
. Definition Definition | Measurements . .
Blinding (Double- to Treat | to Missing

f f Vali
Blind) o . ° alid Analysis Datat
Intervention | Outcomes

ACT 1 Yes Yes Yes Yes Yes NRI Fair
ACT 2 Yes No Yes Yes Yes Yes ITT NRI Fair
Jiang 2015 Yes No Yes Yes Yes Yes ITT NRI Fair
Kobayashi 2016 Yes Yes Yes Yes Yes Yes ITT NRI/LOCF Fair
NCT01551290 Unclear Yes Yes Yes Yes Yes mITT NRI *
ULTRA 1 Yes Yes Yes Yes Yes Yes mITT NRI Good
ULTRA 2 Yes Yes Yes Yes Yes Yes ITT NRI Good
Suzuki 2014 Yes Yes Yes Yes Yes Yes mITT NRI Good
PURSUIT-SC Yes Yes Yes Yes Yes Yes ITT NRI Good
PURSUIT-M Yes Yes Yes Yes Yes Yes ITT NRI Good
PURSUIT-J Yes No Yes Yes Yes Yes ITT NRI/LOCF Fair
OCTAVE 1 Yes Yes Yes Yes Yes Yes ITT NRI Good
OCTAVE 2 Yes Yes Yes Yes Yes Yes ITT NRI Good
OCTAVE SUSTAIN @S Yes Yes Yes Yes Yes ITT NRI Good
Yes Yes Yes Yes Yes Yes ITT NRI Good
GEMINI 1 Yes Yes Yes Yes Yes Yes ITT NRI Good
Motoya 2019 Yes Yes Yes Yes Yes Yes mITT NRI Good
VISIBLE 1 Yes Yes Yes Yes Yes Yes mITT NRI Good
VARSITY Yes Yes Yes Yes Yes Yes mITT NRI Good
ITT: intention-to-treat, LOCF: last observation carried forward, mITT: modified intention-to-treat, NRI: non-responder imputation, USPSTF: United States

USPSTF
Groups Lost to Rating

Follow-Up

Preventive Services Task Force
*Data was only available in grey literature. Due to this, we did not assign an overall quality rating for the trial.
tFor response and remission outcomes.
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Table D3. Baseline Characteristics in Included RCTs

Disease Prior TNF Disease Severity
Study Name/ Age (Yrs), Female, Weight (kg), Duration Classification (Mayo), n | Mayo Score, Disease Localization, CRP (mg/dL),

Trial Identifier Mean (SD) n (%) Mean (SD) (Yrs), Use, (%) Mean (SD) n (%) Mean (SD)

0,
Mean(sp) | ")

Left Side: 63 (52.9)
IFX5mg/kg 121 42.4(143)  43(35.5) 80 (17.8) 5.9 (5.4) N/A NR NR 8.5 (1.7) E 1.4 (1.9)

Left Side: 67 (55.4)
ACT1 IFX 10 mg/kg 122 41.8(14.6) 50 (41.0) 76.9 (17.1) 8.4 (8.1) N/A NR NR 8.4 (1.4) Extensive: 54 (44.6) 1.6 (2.3)
PBO 121 41.4(13.7) 49 (40.5) 76.8 (16.2) 6.2 (5.9) N/A NR NR 8.4 (1.8) s 1.7 (2.7)

Extensive: 54 (45)

Left Side: 70 (59.3)
IFX5mg/kg 121 40.5(13.1)  45(37.2) 78.4 (17.8) 6.7 (5.3) N/A NR NR 8.3 (1.5) . 1.3 (2.3)

Left Side: 75 (62.5)
ACT2 IFX10mg/kg 120  40.3(13.3)  52(43.3) 403(133)  65(5.8) N/A NR NR 8.3(1.6) ey 1.4(2.2)
PBO 123 39.3(135) 52 (42.3) 393(135)  65(6.7) N/A NR NR 8.5 (1.5) L eitelss o0 (512) 1.6(2.9)

Extensive: 50 (41.7)
Left Side: 21 (20.3)

: IFX5mg/kg 104 40 (12.7) 38 (36.5) 57.6(12.7) 8.1(7.2) N/A NR NR 8.6 (1.4) Extensive: 83 (79.8] 1.0 (1.5)
Kobayashi 2016 Left Side: 20 (19.2)
PBO 104 37.8 (12.9) 37 (35.6) 60.3 (11.6) 7.1(6.6) N/A NR NR 8.5 (1.4) Extensive: 84 (80.5] 0.7 (1.1)
IFX5mg/kg 41 34.3 (14.3) 15 (36.6) 62.8 (14.9) 4.4(2.8) N/A 15(36.6)  26(63.4) NR ::ﬁci;ﬁﬁ;,lzss(?:(')l;) 3.6 (2.26)
Jiang 2015 Left Side: 17 (41.5)
PBO 41 34.5 (14.9) 16 (39.1) 61.2 (15.7) 4.4(2.6) N/A 16(31.9)  25(60.9)  NR pancoltis: 24 (52.5) 3.5(1.8)
IFX5mg/kg 50 : NR NR 3.7 N/A NR NR . NR NR
NCT01551290 PBO 49 R\ NR (Median)  N/A NR NR S NR
Rectum and Sigmoid
VEDO 300 P
T)g (Cohort 225 40.1 (13.1) 93 (41.3) 72.4 (17.1) 6.1 (5.1) 95(42.2)  N/A NR 8.5 (1.8) Proximal to the splenic NR
flexure: 25 (11.1); All: 83
(36.9)
GEMINIL Rectum and Sigmoid
Colon Only: 22 (14.8);
Left Side: 59 (39.6);
PBO 149 41.2 (12.5) 57 (38.3) 72.4 (17.6) 7.1(7.2) 73 (49) NR NR 8.6 (1.7) roxmallto the snibnic NR
flexure: 18 (12.1); All: 50
(33.6)
Proctosigmoiditis: 15
VEDO 108 e )
VISIBLE 1 e (50) 106 38.1(13.1)  41(38.7) 71.6 (17.2) 9(6.2) 40(37.7)  46(43.4)  60(56.6) 9.0 (Median) Left Side: 46 (43.4) NR
J Extensive: 7 (6.6)
Pancolitis: 37 (34.9)
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Disease
Age (Yrs), Female, Weight (kg), Duration

Prior TNF Disease Severity

Use,

Study Name/
Trial Identifier

Classification (Mayo), n
(%)

Mayo Score, Disease Localization, CRP (mg/dL),

Mean (SD) n (%) Mean (SD) (Yrs), Mean (SD) n (%) Mean (SD)

0,
mean(sp) | "%
Proctosigmoiditis: 7 (13)
VEDO 300 ) Left Side: 21 (38.9)
me (V) 54 41.6 (14.1) 23 (42.6) 77 (16.9) 8.2 (5.9) 24 (44.4) 17 (31.5) 37 (68.5) 9.0 (Median) e 7 ) NR
Pancolitis:19 (35.2)
Proctosigmoiditis: 7
(12.5)
PBO 56 39.4 (11.7) 22 (39.3) 74 (20.9) 7.4(7.1) 20 (35.7) 20 (35.7) 36 (64.3) 9.0 (Median) Left Side: 24 (42.9) NR
Extensive: 4 (7.1)
Pancolitis: 21 (37.5)
<3 mg/L: 76
VEDO 300
Total Colitis: 101 (61.6) (46.3)
1m)g (Cohort 164 42.3 (14.4) 65 (39.6) NR 7.2(6.2) 85(51.8) NR NR 8.3 (1.5) Left Side: 63 (38.4) >3 me/L: 50
(61.0)
Motoya 2019 <3mg/L: 88
Total Colitis: 51 (62.2) (53.7)
PBO 82 44.0 (16.0) 27 (32.9) NR 8.6 (8.0) 41 (50.0) NR NR 8.1(1.5) Left Side: 31 (37.8) >3 mg/L: 32
(39.0)

ADA
160/80/40 386 40.5(13.4) 170 (44.0) 73.4 (18.4) 6.4 (6.0) 80 (21.0) 169 (43.8) 210(54.4) 8.7(1.5) NR NR
VARSITY mg
VEDO 300
mg 385 40.8 (13.7) 111 (39.2) 72.7 (17) 7.3(7.2) 80 (20.8) 154 (40.0) 217 (56.4) 8.7(1.6) NR NR
6.91 Left Side: 36.9
ADA 80/40 130 40 (Median) 52 (40) 76.8 (15) (Median) N/A NR NR 9 (1.62) Extensive: 53.8 0.64 (Median)
ULTRA 1 Other_: 9.2
365 6.06 Left Side: 46.9
ADA 160/80 130 " 47 (36.2) 75.5 (14.2) o N/A NR NR 8.8 (1.61) Extensive: 46.2 0.33 (Median)
(Median) (Median) Other: 6.9

54 Left Side: 32.3
PBO 130 37 (Median) 48 (36.9) 78.7 (17.4) (I;/Iedian) N/A NR NR 8.7 (1.56) Extensive: 56.2 0.32 (Median)
Other: 11.5

Pancolitis: 120 (48.4)
ADA Descending Colon: 96
160/80/40 248 39.6(12.47) 106 (42.7) 75.3 (17.71) 8.1(7.09) 98 (39.1) NR NR 8.9 (1.5) (38.7)
Other: 32 (12.9)
Pancolitis: 120 (48.8)
Descending Colon: 96
(39)
Other: 30 (12.2)
Pancolitis: 63 (70)

Suzuki 2014 ADA 160/80 90 42.5 (14.6) 29 (32.2) 60.1 (12.3) 7.8(7.1) N/A NR NR 8.6 (1.4) Descending colon: 27 0.22 (Median)
(30)

1.5(3.2)
ULTRA 2

PBO 246 41.3 (13.22) 94 (38.2) 77.1(17.31) 8.5(7.37) 101 (41.1) NR NR 8.9(1.8) 1.3(3.7)
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Disease
Age (Yrs), Female, Weight (kg), Duration

Prior TNF Disease Severity

Use,

Study Name/
Trial Identifier

Classification (Mayo), n
(%)

0,
Mean (sp) | ")

Pancolitis: 54 (62.1)

ADA 80/40 87 44.4 (15) 37 (42.5) 58.7 (11.1) 8.3(7.7) N/A NR NR 8.5(1.4) Descending Colon: 32 0.31 (Median)
(36.8)
Pancolitis: 59 (61.5)

PBO 96 41.3 (13.6) 26 (27.1) 60.8 (14.1) 7.8 (6.6) N/A NR NR 8.5(1.6) Descending Colon: 35 0.34 (Median)
(36.5)

Mayo Score, Disease Localization, CRP (mg/dL),

Mean (SD) n (%) Mean (SD) (Yrs), Mean (SD) n (%) Mean (SD)

GOL 100/50 Left Side: 43 (59.7) 0.8
- 72 40.9(12.19) 32(444) MR 6.6(7.33)  N/A SOlgEill | ZelEle) | B2l Extensive: 29 (40.3) (1.0)
GOL 200/100 40.0 Left Side: 193 (58.3) 1.1
DURSUIT.SC g 331 (13.54) 151 (45.6) NR 6.4 (6.17) N/A 182 (55.2) 148 (44.8) 8.6(1.53) Extensive: 138 (41.7) (1.5)
GOL 400/ Left Side: 191 (57.7)
200 mg 331 40.7 (13.75) 130 (39.3) NR 6.4 (6.27) N/A 195 (59.5) 133 (40.5) 8.5(1.47) Extensive: 140 (42.3) 1.3 (2.6)
Left Side: 188 (57.0)
PBO 331 39 (13.04) 146 (47.1) NR 6.0 (6.65) N/A 209 (63.7) 119 (36.3) 8.3 (1.50) Extensive: 142 (43.0) 1.1(1.7)
GOL 50 mg 154 41.4(13.84) 77 (50.0) NR 6.8 (6.93) N/A 145(94.2) 143(92.9) 8.1(1.38) NR 0.9 (1.3)
PURSUIT-M GOL 100 mg 154 39.1(13.11) 65 (42.2) NR 7.2 (7.04) N/A 9 (5.8) 11 (7.1) 8.5(1.34) NR 0.9 (1.5)
PBO 156 40.2 (14.05) 81 (51.9) NR 6.9 (6.96) N/A 145 (92.9) 11(7.1) 8.3(1.37) NR 1.0 (1.5)
OL-IND: GOL 42.40 61.51 5.08 . Left Side: 89 (62)
sc200mg M (179 46(32) (11.18) (Median) | VA SR UL | e s 0.4(1.1)
39.30 64.59 5.35 . Left Side: 20 (63)
PURSUIT-J GOL100mg 32 (12.00) 13 (41) (14.73) (Median) N/A 31(97) N/A 8.0 (Median) Extensive: 12 (38) 0.5(1.5)
42.90 5.74 : Left Side: 19 (61)
PBO 31 (14.41) 12 (39) 59.48 (9.73) (Median) N/A 30(97) N/A 8.0 (Median) Extensive: 12 (39) 0.4 (0.8)
Proctosigmoiditis: 65
6.5 (13.7)
TOF 10 mg 476 41.3 (14.1) 199 (41.8) 72.9 (16.8) (Med.an) 254 (53.4) NR NR 9.0 (1.4) Left Side: 158 (33.3) 0.4 (Median)
: Extensive Colitis or
OCTAVE 1 PanC0|I15IS: 25?2.(.53.1)
Proctosigmoiditis: 19
6.0 (15.6)
PBO 122 41.8 (15.3) 45 (36.9) 72.7 (16.7) (M S 65 (53.3) NR NR 9.1(1.4) Left Side: 37 (30.3) 0.5 (Median)
el Extensive Colitis or
Pancolitis: 66 (54.1)
Proctosigmoiditis: 67
6.0 (15.7)
TOF 10 mg 429 41.1 (13.5) 170 (39.6) 74.4 (16.8) (Me dian) 234 (54.5) NR NR 9.0 (1.5) Left Side: 149 (34.8) 0.5 (Median)
OCTAVE 2 Extensive Colitis or
Pancolitis: 211 (49.3)
6.2 Proctosigmoiditis: 16
PBO 112 40.4 (13.2) 61 (50.9) 73.2 (16.2) (Median) 65 (58.0) NR NR 8.9 (1.5) (14.4) 0.5 (Median)
Left Side: 39 (35.1)
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Disease Severity

Disease
Age (Yrs), Female, Weight (kg), Duration

Prior TNF
Use,

Classification (Mayo), n
(%)

0,
Mean(sp) | "%

Study Name/ Mayo Score, Disease Localization, CRP (mg/dL),

Trial Identifier

Mean (SD) n (%) Mean (SD) (Yrs), Mean (SD) n (%) Mean (SD)

Extensive Colitis or
Pancolitis: 56 (50.5)

Proctosigmoiditis: 33

(16.8)
TOF 10 mg 42.9(14.4) 87 (44.2) 74.6 (15.1) ?I;/?edian) 101 (51.3) NR NR 3.4(1.8) Left Side: 60 (30.6) 0.09 (Median)
Extensive Colitis or
Pancolitis: 103 (52.6)
Proctosigmoiditis: 28
OCTAVE 6.5 (14.3)
SUSTAIN TOF 5mg 198 41.9 (13.7) 95 (48) 73.4 (17.8) (Median) 90 (45.5) NR NR 3.3(1.8) Left Side: 66 (33.7) 0.07 (Median)
Extensive Colitis or
Pancolitis: 102 (52.0)
Proctosigmoiditis: 21
79 (10.6)
PBO 198 43.4 (14.0) 82 (41.4) 76.2 (16.7) (l;/ledian) 92 (46.5) NR NR 3.3(1.8) Left Side: 68 (34.3) 0.1 (Median)
Extensive Colitis or
Pancolitis: 108 (54.5)
UST6 mg/kg 322 41.7 (13.7) 39.4 73 (19.3) 8.2(7.8) NR 276 (86.0) 46 (14.0) 8.9 (1.5) Left Side: 168 (52.5) 0.5 (0.2-1.3)
UST 130 mg 320 42.2 (13.9) 40.6 73.7 (16.8) 8.1(7.2) NR 271 (84.7) 49 (15.3) 8.9 (1.6) Left Side: 183 (57.5) 0.5 (0.2-0.9)
PBO 319 41.2 (13.5) 38.2 72.9 (16.8) 8(7.2) NR 263 (82.4) 56(17.6) 8.9 (1.6) Left Side: 167 (52.8) 0.5 (0.2-1.0)

ADA: adalimumab, AZA: azathioprine, DB: double blind GOL: golimumab, IFX: infliximab, IV: intravenous, kg: kilogram, mg/L: milligram per liter, mg/dL: milligrams per deciliter, N: total number, N/A:
not applicable, NR: not reported, OL: open label, PBO: placebo, SC: subcutaneous, SD: standard deviation, TNF: tumor necrosis factor, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab, Yrs:

years
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Table D4. Baseline Medication Use in Included RCTs

Study Name/
Trial Identifier CS 220 y

Concomitant Medication, n (%)

A [ wm [ A [ e [ cemm

IFX 5 mg 121  70(57.9) 45 (37.2) 82 (67.8) 66 (54.5) 45 (37.2) 15 (12.3) NR
IFX 10 mg 122 73(59.8) 46 (37.7) 86 (70.5) 59 (48.4) 44 (36.1) 21 (17.4) NR
PBO 121 79 (65.3) 54 (44.6) 85 (70.2) 53 (43.8) 36 (29.8) 17 (14.0) NR
IFX 5 mg 121 60 (49.6) 40 (33.1) 92 (76) 52 (43) 41 (33.9) 11 (9.1) NR
IFX 10 mg 120 66 (55) 47 (39.2) 47 (39.2) 50 (41.7) 37 (30.8) 13 (10.8) NR
PBO 123 60 (48.8) 43 (35) 43 (35) 54 (43.9) 35 (28.5) 19 (15.4) NR
! IFX 5 mg 104 68 (65.4) NR 77 (74.0) 50 (48.1) 38 (36.5) 12 (11.5) NR
Kobayashi 2016
PBO 104 69 (66.3) NR 70 (67.3) 49 (47.1) 34 (32.7) 15 (14.4) NR
IFX 5 mg 41  22(53.7) 14 (34.1) 34 (82.9) NR 12 (29.3) NR NR
PBO 41  21(51.2) 14 (34.1) 35 (85.4) NR 13 (31.7) NR NR
IFX 5 mg 50 30 (60) NR NR NR NR NR NR
NCT01551290
Placebo 49 39 (80) NR NR NR NR NR NR
Vedolizumab
VEDO Cohort 1 225 79(35.1)* NR NR 28 (12.4)* NR NR NR
PBO 149 58(38.9)* NR NR 18 (12.1)* NR NR NR
VEDO SC 106 45 (42.5) NR NR NR NR NR NR
VISIBLE 1 VEDO IV 54 21 (38.9) NR NR NR NR NR NR
PBO 56 32 (57.1) NR NR NR NR NR NR
VEDO 164 31 (18.9)* NR 145 (88.4) 59 (36.0)* NR NR 21 (12.8)
Motoya 2019
PBO 82  11(13.4)* NR 75 (91.5) 29 (35.4)* NR NR 14 (17.1)
Head-to-Head
ADA 386 140(36.3)* NR NR 100 (25.9)* NR NR NR
VARSITY
VEDO 385 139 (36.1)* NR NR 101 (26.2)* NR NR NR
Adalimumab
ADA 80/40 130 48 (36.9)* NR 99 (76.2) 25 (19.2)* NR NR 26 (20.0)
ULTRA 1 ADA 160/80 130 48 (36.9)* NR 105 (80.8) 28 (21.5)* NR NR 23 (17.7)
PBO 130 55 (41.5)* NR 98 (75.4) 18 (13.8)* NR NR 34 (26.1)
ULTRA 2 ADA 248 150 (60.5) NR 146 (58.9) 93 (37.5) NR NR NR
PBO 246 140 (56.9) NR 155 (63) 80 (32.5) NR NR NR
ADA 160/80 90  57(63.3) NR 83 (92.2) 41 (45.6) NR NR NR
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Study Name/ Concomitant Medication, n (%)
R NR NR

ADA 80/40 87 63 (72.4) N 84 (96.6) 38 (43.7) NR

PBO 96 58 (60.4) NR 89 (92.7) 52 (54.2) NR NR NR

GOL 100/50 mg 72 35 (48.6) 25 (34.7) 59 (81.9) 27 (37.5) 27 (37.5) NR
R GE GOL 200/100 mg 331 142 (42.9) 85 (25.7) 27 (81.6) 105 (31.7) 100 (30.2) NR

GOL 400/200 mg 331 145 (43.8) 93 (28.1) 267 (80.7) 107 (32.3) 103 (31.1) NR

PBO 331 134 (40.5) 78 (23.6) 276 (83.4) 106 (32.0) 102 (30.8) NR

GOL 50 mg 154 77 (50.0) 52 (33.8) 128 (83.1) 47 (30.5) 45 (29.2) NR
PURSUIT-M GOL 100 mg 154 79 (51.3) 55 (35.7) 119 (77.3) 48 (31.2) 48 (31.2) NR

PBO 156 83 (53.2) 59 (37.8) 125 (80.1) 52 (33.3) 51 (32.7) NR

Induction: GOL

144 42 (29) 12 (8) 128 (89) NR 64 (44) NR

SC 200 mg

DB MAINT: GOL
PURSUIT-J 32 9 (28) 4 (13) 29 (91) NR 16 (50) NR

SC 100 mg

DB MAINT: PBO

31 9 (29) 5(16) 27 (87) NR 13 (42) NR
100 mg
Tofacitinib

TOF 10 mg 476 214 (45.0) NR NR NR NR NR NR
OCTAVE 1

PBO 122 58 (47.5) NR NR NR NR NR NR

TOF 10 mg 429 198 (46.2) NR NR NR NR NR NR
OCTAVE 2

PBO 112  55(49.1) NR NR NR NR NR NR

TOF 10 mg 197 87 (44.2) NR NR NR NR NR NR
OCTAVE

TOF 5 mg 198 101 (51.0) NR NR NR NR NR NR
SUSTAIN

PBO 198 100 (50.5) NR NR NR NR NR NR

UST 6 mg/kg 322 168(52.2) NR 238 (73.9) 89 (27.6) NR NR NR

UST 130 mg 320 173 (54.1) NR 215 (67.2) 93 (29.1) NR NR NR

PBO 319 157 (49.2) NR 207 (64.9) 89 (27.9) NR NR NR

ADA: adalimumab, ASA: aminosalicylates, AZA: azathioprine, CS: corticosteroids, DB: double blind, GOL: golimumab, IFX: infliximab, IMM: immunomodulator, IV: intravenous,
MERC: mercaptopurine, mg: milligram, mg/kg: milligram per kilogram, N: total number, N/A: not applicable, NR: not reported, OL: open label, PBO: placebo, SC: subcutaneous,
SD: standard deviation, TNF: tumor necrosis factor, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

*Reported as the proportion of patients taking IMM or CS alone.
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Table D5. Response, Remission, and Endoscopic Improvement in the Induction Phase (Week Six to 14)*

Induction Phase (Week 6-14)

0 [ W [ % | Senfeance | 0 | N | % | Swnce | 0 [ N | % | Snieonce |

Week 8
Overall — Biologic-Naive
ACT 1 IFX 5 mg/kg 84 121 69.4 p<0.001 47 121 38.8 p<0.001 75 121 62 p<0.001
IFX IFX 10 mg/kg 75 122 615 p<0.001 39 122 32.0 p=0.002 72 122 59 p<0.001
PBO 45 121 37.2 = 18 121 14.9 = 41 121 33.9 =
Biologic-Experienced (Population Not Studied)
Week 8
Overall — Biologic-Naive
ACT 2 IFX 5 mg/kg 78 121 64.5 p<0.001 41 121 33.9 p<0.001 73 121 60.3 p<0.001
IFX IFX 10 mg/kg 83 120 69.2 p<0.001 33 120 27.5 p<0.001 74 120 61.7 p<0.001
PBO 36 123 29.3 -- 7 123 5.7 - 38 123 30.9 -
Biologic-Experienced (Population Not Studied)
Week 8
Overall — Biologic-Naive
Jiang 2015 IFX 3.5 mg/kg 30 41 73.1 p=0.001 21 41 51.2 p=0.006 23 41 56.1 p=0.003
IFX IFX 5 mg/kg 32 41 78.1 p=0.00 22 41 53.7  p=0.003 24 4 58.5 p=0.002
PBO 15 41 36.6 = 9 41 219 = 10 41 24.4 -
Biologic-Experienced (Population Not Studied)
Week 8
Kobayashi Overall — Biologic-Naive
2016 IFX 5 mg/kg 57 104 54.8 p=0.005 21 104 20.2 NS 48 104 46.2 p=0.006
IFX PBO 37 104 35.6 - 11 104 10.6 -- 29 104 27.9 --
Biologic-Experienced (Population Not Studied)
Week 8
Overall — Biologic-Naive
NCT01551290
X IFX 5 mg/kg 32 50 64.0 p=0.0021 11 50 220 NS 17 50 34.0 p=0.045
PBO 16 49 32.7 = 5 49 10.2 = 8 49 16.3 =
Biologic-Experienced (Population Not Studied)
ULTRA 1 Week 8
ADA Overall — Biologic-Naive
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Induction Phase (Week 6-14)

 Rewee
0 [ N [ % [ Sevane | 0 [ N [ % [ Sevane | 0 [ N | % | Sgoifane
NS 13 130 10 NS 49 NR

ADA 80/40 mg 67 130 51.5 130 37.7
ADA 160/80 mg 71 130 54.6 NS 24 130 18.5 P=0.031 61 130 46.9 NR
PBO 58 130 44.6 - 12 130 9.2 - 54 130 41.5 -
Biologic-Experienced (Population Not Studied)
Week 8
Overall
ADA 160/80 mg 125 248 50.4 p<0.005 41 248 16.5 p<0.05 102 248 41.1 p<0.05
PBO 85 246 34.6 = 23 246 9.3 = 78 246 31.7 =
ULTRA 2 Biologic-Naive
ADA ADA 160/80 mg 89 150 59.3 p<0.001 32 150 21.3 p=0.017 74 150 49.3 p=0.014
PBO 56 145 38.6 = 16 145 11 = 51 145 35.2 =
Biologic-Experienced
ADA 160/80 mg 36 98 36.7 NS 9 98 9.2 NS 28 98 28.5 p=0.77
PBO 29 101 28.7 - 7 101 6.9 -- 27 101 26.7 --
Week 8
Overall — Biologic-Naive
Suzuki 2014 ADA 80/40 mg 37 87 43 NS 12 87 14 NS 34 87 39 NS
ADA ADA 160/80 mg 45 90 50 p=0.044 0 90 10 NS 40 90 44 p=0.045
PBO 34 96 35.4 -- 11 96 11.5 - 29 96 30 -
Biologic-Experienced (Population Not Studied)
Week 6
Overall — Biologic-Naive
PURSUIT-SC GOL 200/100 mg 129 253 51.0 p<0.0001 45 253 17.8 p<0.0001 107 253 42.3 p<0.001
GOL GOL 400/200 mg 141 257 54.9 p<0.0001 46 257 17.9 p<0.0001 116 257 45.1 p=0.001
PBO 76 251 30.3 - 16 251 6.4 - 72 251 28.7 -
Biologic-Experienced (Population Not Studied)
Week 6
Overall
GEMINI 1 VEDO 300mg 106 225 47.1 p<0.001 38 225 16.9 p=0.001 92 225 40.9 p=0.001
VEDO PBO 38 149 25.5 = 8 149 5.4 = 37 149 24.8 =
Biologic-Naive
VEDO 300 mg 69 130 53.1 30 130 23.1 64 130 49.2 Diff. (95% Cl):
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Response

Diff. (95% Cl):

Induction Phase (Week 6-14)

Diff. (95% Cl):

Endoscopic Improvement

 Rewewe [ emiwon | Endoscopicimprovement
0 [ N [ % [ Sevene | 0 [ W [ % [ Sgoiane | 0 [ N | % | Senifne _

23.9(10.0, 37.7)

PBO 20 76 26.3 26.4 (12.4 to 5 76 6.6 15.5 (5.1 to 19 76 25.0
40.4) 25.9)
Biologic-Experienced
VEDO 300 mg 32 82 39 Diff. (95% Cl): 8 82 9.8 Diff. (95% Cl): 25 82 30.5 Diff. (95% Cl):
PBO 13 63 20.6 18.1(2.8,33.5) 2 63 3.2 7.0(-1.3,15.2) 13 63 20.6 9.9 (-4.7,24.4)
Week 10
Overall
VEDO 300 mg 65 164 39.6 p=0.2722 30 164 18.3  p=0.1980 60 164  36.6 0.3168
PBO 27 82 32.9 - 10 82 122 - 25 82 30.5 -
Biologic-Naive
Motoya 2019 VEDO 300 mg 42 79 53.2 Diff. (95% Cl): 22 79 27.8  Diff. (95% Cl): 38 79 48.1 )
Diff. (95% Cl):
VEDO 16.6 (-1.8 to 13.2 (-1.4 to
PBO 15 41 36.6 6 41 14.6 13 41 31.7 16.4 (-1.6, 34.4)
35.0) 27.9)
Biologic-Experienced
VEDO 300 mg 23 85 27.1 : 8 85 9.4 Diff. (95% Cl): 22 85 25.9 Diff. (95% Cl):
Diff. (95% Cl):
PBO 12 41 29.3 2.2(-19.0,41.6) 4 41 og 03113 12 M 293 AL2014,
' ' o ‘ 10.7) ‘ 13.37)
Week 14
Overall
VEDO 300 mg 257 383 67.1 Diff. (95% Cl): 102 383 26.6  Diff. (95% Cl): NR  NR NR NR
ADA 40 mg 177 386 459 21.2 (14.4,28.0) 82 386 21.2 5.4(-0.7,11.4) NR NR NR NR
Biologic-Naive
VARSITY
. VEDO 300 mg 213 304 70.1 Diff. (95% Cl): 84 304 27.6  Diff. (95% Cl): NR  NR NR NR
. ADA 40 mg 151 305 49.5 20.6 (12.9,28.2) 72 305 236 4.0(-2.9,109) NR | NR NR NR
Biologic-Experienced
VEDO 300 mg 44 79 55.7 : 18 79 22.8  Diff. (95% Cl): NR  NR NR NR
Diff. (95% Cl): 103 (-15
ADA 40 mg 26 81 32.1 23.6(8.5,38.7) 10 81 12.3 22'2) - NR  NR NR NR
Week 8
OCTAVE 1
TOF Overall
TOF 10 mg 285 476 59.9 p<0.001 88 476 18.5  p=0.007 149 476 31.3 p<0.001
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Induction Phase (Week 6-14)

- “n [N [ % [ Seviene | 0 [ N | % [ Sgvane | 0 [ N | % | Sgoifane
40 8.2 - 19

PBO 122 32.8 - 10 122 122 15.6 -
Biologic-Naive
TOF 10 mg NR NR NR NR NR NR NR NR 88 222 39.6 p=0.06
PBO NR NR NR NR NR NR NR NR 15 57 26.3 -
Biologic-Experienced
TOF 10 mg NR NR NR NR NR NR NR NR 61 254 24 p=0.001
B eeo NR  NR  NR NR NR  NR NR  NR 4 65 6.2 -
Week 8
Overall
TOF 10 mg 236 429 55 p<0.001 72 429 16.6 p<0.001 122 429 28.4 p<0.001
PBO 32 112 28.6 - 4 112 3.6 - 13 112 11.6 -
OCTAVE 2 Biologic-Naive
TOF TOF 10 mg NR NR NR NR NR NR NR NR 71 195 36.4 p=0.02
PBO NR NR NR NR NR NR NR NR 9 47 19.1 -
Biologic-Experienced
TOF 10 mg NR NR NR NR NR NR NR NR 51 234 21.8 p=0.004
PBO NR NR NR NR NR NR NR NR 4 65 6.2 -
Week 8
Overall
TOF 10 mg 521 905 57.6 - 159 905 17.6 - 271 905 29.9 p<0.001
TR PBO 72 234 30.8 - 14 ' 2.34 ) 6 -- 32 234 13.7 --
> Biologic-Naive
Pooled TOF 10 mg 284 440 64.5 p<0.0001 106 440 24.1 p<0.01 168 440 38.2 p<0.01
PBO 43 110 39.1 - 13 110 11.8 24 110 21.8 -
Biologic-Experienced
TOF 10 mg 237 465 51 p<0.0001 53 465 11.4 p<0.01 103 465 22.0 p<0.001
PBO 29 124 23.4 - 1 124 0.8 - 8 124 6.1 -
Week 8
Overall
UST UST 130 mg 164 320 51.3 p<0.001 50 320 15.6 p<0.001 65 320 26.3 p<0.001
UST 6 mg/kg 199 322 61.8 p<0.001 50 322 15.5 p<0.001 59 322 27.0 p<0.001
PBO 100 319 31.3 - 17 319 5.3 - 28 319 13.8 -
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Induction Phase (Week 6-14)

-“nnnnnn

Biologic-Naive

UST 130 mg 90 156 57.7 p<0.001 31 156 19.9 p=0.009 54 156 34.6 p=0.006

UST 6 mg/kg 104 156 66.7 p<0.001 29 156 18.6 p=0.022 52 156 333 p=0.01

PBO 56 158 354 = 15 158 9.5 = 33 158 20.9 =
Biologic-Experienced

UST 130 mg 74 164 45.1 p<0.001 19 164 11.6 p<0.001 30 164 18.3 p=0.002

UST 6 mg/kg 95 166 57.2 p<0.001 21 166 12.7 p<0.001 35 166 21.1 p<0.001
PBO 44 161 27.3 - 2 161 1.2 - 11 161 6.8 -
ADA: adalimumab, GOL: golimumab, IFX: infliximab, mg: milligram, mg/kg: milligram per kilogram, n: number, N: total number, NR: not reported, PBO: placebo, TOF: tofacitinib,

UST: ustekinumab, VEDO: vedolizumab
*Available results reported in published trials; for data used in our NMA refer to Appendix Tables F3-F5.

©Institute for Clinical and Economic Review, 2020 Page 157
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Table D6. Response and Remission in the Maintenance Phase*

Maintenance Phase (Week 30-60)

“m
. n | N [ % [ n | N [ % [ n | N [ % [ n [ N [ % |
Week 54
Overall — Biologic-Naive
ACT 1 IFX 5 mg/kg 55 121 45.5 47 121 38.8 42 121 34.7 24 121 19.8
IFX IFX 10 mg/kg 54 122 443 45 122 36.9 42 122 34.4 25 122 20.5
PBO 24 121 19.8 17 121 14.0 20 121 16.5 8 121 6.6
Biologic-Experienced (Population Not Studied)
Week 30
Overall — Biologic-Naive
ACT 2 IFX 5 mg/kg 57 121 47.1 50 121 41.3 31 121 25.6 18 121 14.9
IFX IFX 10 mg/kg 72 120 60 64 120 53.3 43 120 35.8 27 120 22.5
PBO 32 123 26 19 123 15.4 13 123 10.6 3 123 2.4
Biologic-Experienced (Population Not Studied)
Week 30
Overall — Biologic-Naive
Jiang 2015 IFX 3.5 mg/kg 26 41 63.4 NR 20 41 48.8 NR
IFX IFX 5 mg/kg 27 41 65.8 NR 21 41 51.2 NR
PBO 11 41 26.8 NR 10 41 24.4 NR
Biologic-Experienced (Population Not Studied)
Week 30
Kobayashi Overall — Biologic-Naive
2016 IFX 5 mg/kg 48 104 46.2 NR 22 104 21.2 NR
IFX PBO 33 104 31.7 NR 17 104 16.3 NR
Biologic-Experienced (Population Not Studied)
Week 26
Overall — Biologic-Naive
NCT01551290
I IFX 5 mg/kg 29 50 58.0 27 50 54.0 14 50 28.0 7 50 14.0
PBO 26 49 53.1 12 49 24.5 5 49 10.2 2 49 4.1
Biologic-Experienced (Population Not Studied)
Week 52
ULTRA 2
. Overall
ADA 40 mg 75 248 30.2 59 248 23.8 43 248 17.3 21 248 8.5
©Institute for Clinical and Economic Review, 2020 Page 158

Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Maintenance Phase (Week 30-60)

“_M
. n |/ N | % [ n | N [ % [ n | N | % [ n [ N [ %
PBO 45 246 18.3 30 246 12.2 21 246 8.5 10 246 4.1
Biologic-Naive
ADA 40 mg 55 150 36.7 44 150 29.3 33 150 22.0 16 150 10.7
PBO 35 145 24.1 24 145 16.6 18 145 12.4 9 145 6.2
Biologic-Experienced
ADA 40 mg 20 98 20.4 15 98 15.3 10 98 10.2 5 98 5.1
PBO 10 101 9.9 6 101 5.9 3 101 3.0 1 101 1.0
Week 52
Overall — Biologic-Naive
Suzuki 2014
o ADA 40 mg 55 177 31 50 82 61 41 177 23 NR NR NR
PBO 17 96 18 NR NR NR 7 96 7 NR NR NR
Biologic-Experienced (Population Not Studied)
Week 54
Overall — Biologic-Naive
PURSUIT-M GOL 50 mg 71 151 47 71 151 47 35 151 23.2 19 151 12.6
(clo] B GOL 100 mg 75 151 49.7 75 151 49.7 42 151 27.8 21 151 13.9
PBO 48 154 31.2 48 154 31.2 24 154 15.6 13 154 8.4
Biologic-Experienced (Population Not Studied)
Week 54
Overall — Biologic-Naive
PURSUIT-J
ol GOL 100 mg 18 32 56.3 18 32 56.3 16 32 50.0 9 32 28.1
PBO 6 31 19.4 6 31 19.4 2 31 6.5 2 31 6.5
. Biologic-Experienced (Population Not Studied)
Week 52
Overall
VEDO 108 mg (SC) 68 106 64.2 68 106 64.2 49 106 46.2 16 106 15.1
VEDO 300 mg (iv) 39 54 72.2 39 54 72.2 23 54 42.6 10 54 16.7
x:;ZLE . PBO 17 56 28.6 17 56 28.6 8 56 14.3 3 56 5.4
Biologic-Naive
VEDO 108 mg (SC) NR NR 36 67 53.7 NR
VEDO 300 mg (iv) NR NR 17 32 53.1 NR
PBO NR NR 7 37 18.9 NR
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VEDO 108 mg (SC) NR NR 13 39 33.3 NR
VEDO 300 mg (iv) NR NR 22 27.3 NR
PBO NR NR 19 5.3 NR
Week 52
Overall
VEDO 300 mg g4w 65 125 52 65 125 52 56 125 44.8 30 125 24
VEDO 300 mg q8w 69 122 56.6 69 122 56.6 51 122 41.8 25 122 20.5
PBO 30 126 23.8 30 126 23.8 20 126 15.9 11 126 8.7
Biologic-Naive
GEMINI 1
- VEDO 300 mg g4w 41 73 56.2 41 73 56.2 35 73 47.9 21 73 28.8
VEDO 300 mg q8w 47 72 65.3 47 72 65.3 33 72 45.8 16 72 22.2
PBO 21 79 26.6 21 79 26.6 15 79 19.0 10 79 12.7
Biologic-Experienced
VEDO 300 mg g4w 17 40 42.5 17 40 42.5 14 40 35.0 5 40 12.5
VEDO 300 mg q8w 20 43 46.5 20 43 46.5 16 43 37.2 9 43 20.9
PBO 6 38 15.8 6 38 15.8 2 38 5.3 1 38 2.6
Week 60
Overall
VEDO 300 mg 27 41 65.9 27 41 65.9 23 41 56.1 11 41 26.8
PBO 15 42 35.7 15 42 35.7 13 42 31 7 42 16.7
Motoya 2019 Biologic-Naive
VEDO VEDO 300 mg 16 24 66.7 16 24 66.7 13 24 54.2 17 17.6
PBO 10 28 35.7 10 28 35.7 10 28 35.7 14 7.1
Biologic-Experienced
VEDO 300 mg 11 17 64.7 11 17 64.7 10 17 58.8 17 17.6
PBO 5 14 35.7 5 14 35.7 3 14 21.4 14 7.1
Week 52
VARSITY Overall
VEDO vs. VEDO 300 mg 211 383 55.1 NR NR NR 120 383 31.3 70 383 18.3
ADA ADA 40 mg 166 386 43.0 NR NR NR 87 386 22.5 46 386 11.9
Biologic-Naive
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| Response |  SustainedResponset |  Remission |
| N | % | n | N | % | n | N _| % | n | N_| %

Biologic-Experienced

Sustained Remission
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“

OCTAVE
SUSTAIN
TOF

VEDO 300 mg
ADA 40 mg

VEDO 300 mg
ADA 40 mg

TOF 5 mg
TOF 10 mg
PBO

TOF 5 mg
TOF 10 mg
PBO

TOF 5 mg
TOF 10 mg
PBO

UST 90 mg q12w
UST 90 mg q8w
PBO

UST 90 mg ql12w
UST 90 mg q8w
PBO

UST 90 mg q12w

UST 90 mg q8w

NR
NR
NR
102 198
122 197
40 198
65 115
67 104
27 109
37 83
55 93
13 89
117 172
125 176
78 175
78 102
66 85
44 87
39 70
59 91

51.5
61.9
20.2

56.5
64.4
24.8

44.6
59.1
14.6

68.0
71.0
44.6

76.5

77.6

50.6

55.7

64.8

Maintenance Phase (Week 30-60)

Sustained Responset
0 | N_| % | _n_ | N_| %
NR NR

97
117
38

65
67
27

37
55
13

117
125
78

78

66

44

39

59

| Remission |
01 N % | n | N_| % |

104
NR 74
Biologic-Experienced
NR 16
NR 13
Week 52
Overall
198 49 68
197 59.4 80
198 19.2 22
Biologic-Naive
115 56.5 48
104 64.4 46
109 24.8 12
Biologic-Experienced
83 44.6 20
93 59.1 34
89 14.6 10
Week 52
Overall
172 68.0 66
176 71.0 77
175 44.6 42
Biologic-Naive
102 76.5 50
85 77.6 41
87 50.6 27
Biologic-Experienced
70 55.7 16
91 64.8 36

304
305

79
81

198
197
198

115
104
109

83
93
89

172
176
175

102

85

87

70

91

34.2
24.3

20.3
16.0

34.3
40.6
111

41.7
44.2
11.0

24.1
36.6
11.2

38.4
43.8
24

49.0

48.2

31.0

22.9

39.6

NR

NR

NR

NR
a4 198 222
50 197 25.4
10 198 5.1
NR NR NR
NR NR NR
NR NR NR
NR NR NR
NR NR NR
NR NR NR
26 40 65
22 38 58
17 45 38
21 30 70.0
12 16 75.0
9 25 36.0
23 32 71.9
12 18 66.7

©Institute for Clinical and Economic Review, 2020

Draft Evidence Report — Targeted Immune Modulators for UC

Page 161
Return to Table of Contents




Maintenance Phase (Week 30-60)
Trial Sustained Responset | ~ Remission |  Sustained Remission |
. n | N | % | n | N | % | n | N | % [ n [ N _ [ %
PBO 34 88 38.6 34 88 38.6 15 88 17.0 9 25 36.0

ADA: adalimumab, GOL: golimumab, IFX: infliximab, mg: milligram, mg/kg: milligram per kilogram, n: number, N: total number, NR: not reported, PBO:
placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

*Available results reported in published trials; for data used in our NMA refer to Appendix Table F6.

tSustained response in treat-through trials is defined as having response at end of induction and end of maintenance. Note that for re-randomized trials,
the rates of response are among induction responders, so “response” and “sustained response” rates in this table are equivalent.
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Table D7. Delayed Response Among Non-Responders to Induction Therapy

Prior Biologi R Remissi
Trial rior Biologic Treatment Arms esponse emission
Exposure % %
NR 4.1

ULTRA 2 Overall Adalimumab 16

Biologic-naive 56.2 18.8
OCTAVE 1 and 2 Biologic-experienced Tofacitinib 16 42.6 39.7
Overall 50.1 13.9
Biologic-naive . 79.1 18.6
. _ . Ustekinumab 6 mg/kg 16
Biologic-experienced 43.1 1.7
Vedolizumab 39.0 NR
GEMINI 1 Overall 14
Placebo 20.7 NR
PURSUIT-SC Naive Golimumab 16 28.1 NR

kg: kilogram, mg: milligram, NR: not reported
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Table D8. IBDQ Outcomes in the Induction Phase

Induction Phase (Week 6-14)

IBDQ Score IBDQ Response / Remission*

Data Type Data Type
. o Value i Value %
(Estimate) (Error)

Week 8
Overall
ACT 1-2
A IFX 5 mg/kg Mean A 40 SD 34 <0.05 169 242 69.7 <0.05
. IFX 10 mg/kg Mean A 36 SD 34 <0.05 164 242 67.8 <0.05
Infliximab
PBO Mean A 21 SD 28 -- 121 244 49.6 --
Stratified Biologic-Naive and Experienced Data Not Reported
Week 8
Overall
ADA 160/80 mg NR 144 248 58.1 0.006
PBO NR 112 246 45.5 -
ULTRA 2 Biologic-Naive
ACEITNITEISS  ADA 160/80 mg NR 102 150 68 0.004
PBO NR 75 145 51.7 --
Biologic-Experienced
ADA 160/80 mg NR 42 98 42.9 0.370
PBO NR 37 101 36.6 --
Week 8
Overall — Biologic-Naive
Suzuki 2014 ADA 80/40 mg NR 42 87 48.3 =
Adalimumab ADA 160/80 mg NR 38 90 42.2 --
PBO NR 38 96 39.6 --
Biologic-Experienced (Population Not Studied)
Week 6
Overall — Biologic-Naive
PURSUIT-SC GOL 200/100 mg Mean A 27.0 SD 33.72 <0.001 NR
Golimumab GOL 400/200 mg Mean A 26.9 SD 34.28 <0.001 NR
PBO Mean A 14.8 SD 31.25 -- NR

Biologic-Experienced (Population Not Studied)

— Weeks
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Induction Phase (Week 6-14)

IBDQ Score IBDQ Response / Remission*
i e N
(Estimate) (Error)
Overall
Remission
TOF 10 mg Mean A 40.7 SE 1.7 <0.0001 206 476 43.3 <0.001
OCTAVE 1 PBO Mean A 21 SE 2.9 -- 32 122 26.2 --
Tofacitinib Response
TOF 10 mg 307 476 64.5 <0.001
PBO - 56 122 45.9 -
Stratified Biologic-Naive and Experienced Data Not Reported
Week 8
Overall
Remission
TOF 10 mg Mean A 44.6 SE 1.8 <0.0001 173 429 40.3 <0.001
OCTAVE 2
S PBO Mean A 25 SE 3.3 - 20 112 17.9 -
Response
TOF 10 mg 288 429 67.1 <0.001
PBO B 54 112 48.2 -
Stratified Biologic-Naive and Experienced Data Not Reported
Week 8
Overall
Response
UST 130 mg Mean A 33.4 SD 32.5 <0.001 213 320 66.6 <0.001
UNIFI UST 6 mg/kg Mean A 35.0 SD 31.9 <0.001 221 322 68.6 <0.001
Ustekinumab PBO Mean A 16.1 SD 31.4 -- 141 319 44.2 -
UST 130 mg 141 320 44.2 <0.001
UST 6 mg/kg -- 150 322 46.6 <0.001
PBO 101 319 31.7 -

Stratified Biologic-Naive and Experienced Data Not Reported
ADA: adalimumab, GOL: golimumab, IBDQ: inflammatory bowel disease questionnaire, IFX: infliximab, IQR: interquartile range, LS: least squares, mg: milligram, n: number, N:
total number, NR: not reported, PBO: placebo, QolL: quality of life, SD: standard deviation, SE: standard error, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab
*Rates of IBDQ response (change > 16 points) are reported unless otherwise noted that rates are for IBDQ remission (score 2 170).
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Table D9. 36-Item Short Form Survey Outcomes in the Induction Phase

Data Type
(Estimate)

Induction (Week 6-14)

SF-36 (Mental)
Data

SF-36 (Physical)

Data Type
(Error)

M

ACT 1-2
IFX 5 mg/kg Mean A 3.0
POOLED QoL
0 IFX 10 mg/kg Mean A 5.9
Infliximab
PBO Mean A 6.1
OCTAVE 1
. . TOF 10 mg Mean A 6.8
Tofacitinib
PBO Mean A 3.5
OCTAVE 2
. TOF 10 mg Mean A 7.6
Tofacitinib
PBO Mean A 4.4
OCTAVE 1
TOF 10 mg Mean A 8.3
and 2 PBO M A 4.1
POOLED €an :
TOF 10 mg Mean A 6
PBO Mean A 3.4

e |-
Type Value )
(Estimate)
(Error)
Week 8
Overall — Biologic-Naive
SD 9.6 <0.05 Mean A 3.7
SD 10.5 <0.05 Mean A 6.8
SD 10.9 --- Mean A 6.4
Biologic-Experienced (Population not Studied)
Week 8
Overall
SE 0.5 Mean A 6.8
SE 0.9 <0.0001 Mean A 2.5
Stratified Biologic-Naive and Experienced Data Not Reported
Week 8
Overall
SE 0.5 Mean A 6.8
SE 0.9 <001 Mean A 4.6
Stratified Biologic-Naive and Experienced Data Not Reported
Overall
NR
Biologic-Naive
SE 0.6 <0.001 Mean A 7.3
SE 1 = Mean A 4.7
Biologic-Experienced
SE 0.5 <0.001 Mean A 6.2
SE 0.9 -- Mean A 2.3

SD
SD
SD

SE
SE

SE
SE

SE
SE

SE
SE

6.5 <0.05
7.6 <0.05
7.7 ==
0.2

<0.0001
0.5
0.3

<0.01
0.5
0.4 <0.001
0.7 ==
0.3 <0.001
0.6 =

ADA: adalimumab, GOL: golimumab, IFX: infliximab, IQR: interquartile range, LS: least squares, mg: milligram, n: number, N: total number, NR: not reported, NS: not
significant, PBO: placebo, QoL: quality of life, SD: standard deviation, SE: standard error, SF-36: 36-item short form survey, TOF: tofacitinib, UST: ustekinumab, VEDO:

vedolizumab
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Table D10. Endoscopic Improvement and Corticosteroid-Free Remission in the Maintenance Phase

Maintenance (Week 30-60)

Endoscopic Improvement Corticosteroid-Free Remission
 n [ N | % | Sgfcame | n | N | % | Snificance |

Week 54
Overall — Biologic-Naive
ACT 1 IFX 5 mg/kg 55 121 45.5 <0.001 18 70 25.7 0.006
Infliximab IFX 10 mg/kg 57 122 46.7 <0.001 12 73 16.4 0.15
PBO 22 121 18.2 = 7 79 8.9 =
Biologic-Experienced (Population Not Studied)
Week 30
Overall — Biologic-Naive
ACT 2 IFX 5 mg/kg 56 121 46.3 0.009 11 60 18.3 0.010
Infliximab IFX 10 mg/kg 68 120 56.7 <0.001 18 66 27.3 <0.001
PBO 37 123 30.1 -- 2 60 33 --
Biologic-Experienced (Population Not Studied)
Week 30
Overall — Biologic-Naive
Jiang 2015 IFX 3.5 mg/kg 21 41 51.2 0.006 NR NR NR NR
Infliximab IFX 5 mg/kg 22 41 53.7 0.003 NR NR NR NR
PBO 9 41 21.9 = NR NR NR NR
Biologic-Experienced (Population Not Studied)
Week 30
Overall — Biologic-Naive
Kobayashi 2016
o IFX 5 mg/kg 43 104 41.3 0.057 NR NR NR NR
Infliximab
PBO 30 104 28.8 - NR NR NR NR
Biologic-Experienced (Population Not Studied)
Week 26
Overall — Biologic-Naive
NCT01551290
o IFX 5 mg/kg 20 50 40.0 0.1781 5 30 16.7 0.0428
Infliximab
PBO 13 49 26.5 = 1 39 2.6 =

Biologic-Experienced (Population Not Studied)
ULTRA 2 Week 52
Adalimumab Overall
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Maintenance (Week 30-60)

Endoscopic Improvement Corticosteroid-Free Remission

%

ADA 40 mg 71 248 25 <0.05 20 248 13.3 0.04
PBO 38 246 15.4 -- 8 246 5.7 --
Overall — Biologic-Naive
ADA 40 mg 47 150 31.3 0.02 15 150 13.6 0.09
PBO 28 145 19.3 = 5 145 6.2 =
Biologic-Experienced
ADA 40 mg 15 98 15.3 0.25 5 98 12.5 0.26
PBO 10 101 9.9 - 101 5.1 -
Week 52
Overall — Biologic-Naive
Suzuki 2014
. ADA 40 mg 51 177 29 0.02 17 177 14.2 -
Adalimumab
PBO 15 96 16 -- 4 96 6.9 --
Biologic-Experienced (Population Not Studied)
Week 54
Overall — Biologic-Naive
PURSUIT-M GOL 50 mg 63 151 41.7 0.011 30 78 28.2 0.003
Golimumab GOL 100 mg 64 151 42.4 0.002 25 82 23.2 0.14
PBO 41 154 26.6 - 18 87 18.4 -
Biologic-Experienced (Population Not Studied)
Week 54*
Overall — Biologic-Naive
PURSUIT-J
) GOL 100 mg 20 32 62.5 NR 5 9 55.6 NR
Golimumab
PBO 5 16 31.3 - 1 9 11.1 -
Biologic-Experienced (Population Not Studied)
Week 52
Overall
VEDO 108 mg
60 106 56.6 p<0.001 31 106 28.9 p=0.067
VISIBLE 1 (SC)
Vedolizumab VEDO 300 mg
29 54 53.7 NR 6 21 28.6 NR
(1v)
PBO 41 56 21.4 - 2 24 8.3 -
Stratified Biologic-Naive and Experienced Data Not Reported
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Maintenance (Week 30-60)

Endoscopic Improvement Corticosteroid-Free Remission
 n [ N | % | Sefcamce | n | N | % | Snificance |

Week 52
Overall
VEDO 300 mg
70 125 56 p<0.001 33 73 45.2 p<0.001
qdw
VEDO 300 mg
63 122 51.6 p<0.001 22 70 31.4 p=0.0100
q8w
PBO 25 126 19.8 - 10 72 13.9 =
Biologic-Naive
Diff (95% Cl): Diff (95% Cl):
VEDO 300 mg
Aw 44 73 60.3 35.5(19.9, 23 73 52.3 33.7 (13.8,
e 51.0) 53.6)
GEMINI 1
, Diff (95% Cl): Diff (95% Cl):
Vedolizumab VEDO 300 mg
8 43 72 59.7 35.4 (19.8, 14 72 35.9 17.0
W
d 51.1) (-2.0, 36.0)
PBO 19 79 21.1 - 8 43 18.6 -
Biologic-Experienced
Diff (95% Cl): Diff (95% Cl):
VEDO 300 mg
o 19 40 47.5 39.3(19.3, 23 73 52.3 33.7 (13.8,
4 59.3) 53.6)
) Diff (95% Cl):
VEDO 300 mg Diff (95% Cl): 29.8
18 43 41.9 14 72 35.9 17.0
q8w (11.6, 48.1)
(-2.0, 36.0)
PBO 3 381 7.9 -- 8 43 18.6 --
Week 60
Overall
VEDO 300 mg 26 41 63.4 0.006 NR NR NR NR
PBO 14 42 33.3 - NR NR NR NR
Motoya 2019 . . .
’ Biologic-Naive
Vedolizumab
VEDO 300 mg 15 24 62.5 Diff. (95% Cl): 4 9 44.4 Diff (95% Cl): 22.2
PBO 10 28 35.7 26.8 (0.52, 53.1) 2 9 22.2 (-20.1, 64.6)
Biologic-Experienced
VEDO 300 mg 11 17 64.7 Diff. (95% Cl): 2 4 50
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Maintenance (Week 30-60)

Endoscopic Improvement Corticosteroid-Free Remission
[Signifcance | 0[N |

%

36.1 (3.3, 68.9)

%

Diff (95% Cl): 33.3

4 14 28.6 1 2 16.7
(-24.0, 90.7)
Week 52
Overall
VEDO 300 mg 152 383 39.7 Diff. (95% Cl): 11.9 14 383 12.6 Diff. (95% Cl):
ADA 40 mg 107 386 27.7 (5.3, 18.5) 26 386 21.8 -9.3 (-18.9, 0.4)
VARSITY Biologic-Naive
VEDO vs. ADA VEDO 300 mg 131 304 43.1 Diff. (95% Cl): 13.6 13 87 14.9 Diff (95% Cl): -6.8
ADA 40 mg 90 305 29.5 (6.0, 21.2) 20 92 21.7 (-18.1, 4.5)
Biologic-Experienced
VEDO 300 mg 21 79 26.6 Diff. (95% Cl): 5.5 24 4.2 Diff (95% Cl): -18.1
ADA 40 mg 17 81 21 (-7.7, 18.8) 27 22.2 (-44.2, 10.0)
Week 52
Overall
TOF 5 mg 74 198 37.4 <0.001 23 65 35.4 <0.001
TOF 10 mg 90 196 45.7 <0.001 26 55 47.3 <0.001
PBO 26 198 13.1 - 3 59 5.1 -
Biologic-Naive
OCTAVE SUSTAIN
. TOF 5 mg 49 115 42.6 <0.001 19 47 40.4 <0.01
Tofacitinib
TOF 10 mg 53 104 51 <0.001 19 37 51.4 <0.001
PBO 15 109 13.8 - 2 38 5.3 -
Biologic-Experienced
TOF 5 mg 25 83 30.1 <0.01 4 18 22.2 -
TOF 10 mg 37 93 39.8 <0.001 7 18 38.9 <0.01
PBO 11 89 12.4 - 1 21 4.8 -
Week 52
Overall
UST 90 mg
UNIFI 88 172 51.1 <0.001 65 172 37.8 0.0020
. ql2w
Ustekinumab
UST 90 mg
77 176 43.6 <0.001 74 176 42 <0.001
q8w
PBO 50 175 28.6 - 41 175 23.4 -
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UST 90 mg
ql2w

UST 90 mg
q8w

PBO

UST 90 mg
ql2w

UST 90 mg
q8w

PBO

102

45.1

22.7

Maintenance (Week 30-60)

Endoscopic Improvement Corticosteroid-Free Remission

S |0 [ N |

Biologic-Naive

0.007

0.002

Biologic-Experienced

p=0.163

p<0.001

102

48.0

47.1

31.0

22.9

37.4

15.9

0.028

0.034

0.026

<0.001

ADA: adalimumab, GOL: golimumab, IFX: infliximab, IQR: interquartile range, IV: intravenous, LS: least squares, mg: milligram, n: number, N: total number, NR: not reported,
NS: not significant, PBO: placebo, QolL: quality of life, SC: subcutaneous, SD: standard deviation, SE: standard error, SF-36: 36-item short form survey, TOF: tofacitinib, UST:

ustekinumab, VEDO: vedolizumab, A: difference
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Table D11. IBDQ and EQ-5D Outcomes in the Maintenance Phase

IBDQ Score IBDQ Response / Remission* EQ-5D (Visual Analogue Scale)
Data Data Data Data
Value Value % Value Value
Type Type Type Type

Week 54
Overall — Biologic-Naive
ACT 1 IFX 5 mg/kg Mean A 32.8 95% Cl 25.8-38.8 <0.05 NR NR
Infliximab IFX 10 mg/kg  Mean A 31.8 95% Cl  24.8-38.8 <0.05 NR NR
PBO Mean A 12.8 95% Cl 6.8-17.9 - NR NR
Biologic-Experienced (Population Not Studied)
Week 30
Overall — Biologic-Naive
ACT 2 IFX 5 mg/kg Mean A 31.9 95% Cl 24.9-37.8 <0.05 NR NR
Infliximab IFX 10 mg/kg  Mean A 36.1 95% Cl  28.8-42.7 <0.05 NR NR
PBO Mean A 17.9 95% Cl  11.8-22.8 -- NR NR
Biologic-Experienced (Population Not Studied)
Week 52
Overall
ADA 40 mg NR 65 248 26.2 0.0070 NR
PBO NR 40 246 16.3 -
ULTRA 2 . . .
) Biologic-Naive
Adalimumab
ADA 40 mg NR 48 150 32.0 0.0390 NR
PBO NR 31 145 21.4 - NR
Biologic-Experienced
ADA 40 mg NR 17 98 17.3 0.078 NR
PBO NR 9 101 8.9 -- NR
Week 52
Overall — Biologic-Naive
Suzuki 2014
. ADA 40 mg NR 45 177 25.4 <0.01 NR
Adalimumab
PBO NR 12 96 12.5 - NR
Biologic-Experienced (Population Not Studied)
Week 54
PURSUIT J . . .
) Overall — Biologic-Naive
Golimumab
GOL 100 mg NR 11 20 55.0 NR NR
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IBDQ Score IBDQ Response / Remission* EQ-5D (Visual Analogue Scale)
i Data Data Data Data
ULE] Value Value % Value Value
Type Type Type Type
PBO NR 6 27 22.2 = NR
Biologic-Experienced (Population Not Studied)

Week 52
Overall
VEDO 108 Diff vs. Diff vs. 95% 11- <
43.9 95% Cl 30.6-57.1 <.001 NR 17.6
VISIBLE 1 mg (SC) PBO PBO cl 24.3 .001
Vedolizumab VEDO 300 Diff vs. Diff vs. 95% 5.5-
) 37.1 95% ClI 21.9-52.4 <.001 NR 13.1 .001
mg (iv) PBO PBO cl 20.8
PBO = = = = = = = = = = = = = =
Stratified Biologic-Naive and Biologic-Experienced Data Not Reported
Week 52
Overall
Remission
VEDO 300
Mean A 49 SE 3.3 NR 85 125 68 NR Mean 19.4 SE 1.7 NR
mg g4w
VEDO 300 Mean
Mean A 48.4 SE 3.4 NR 72 122 59 NR 19 SE 1.7 NR
mg q8w A
PBO Mean A 27.3 SE 3.3 NR 48 126 38 NR MeanA 9.7 SE 1.7 NR
Biologic-Naive
GEMINI 1 VEDO 300 Diff. vs Diff. vs 95% 5.5-
. 25.8 95% ClI 14.7-36.9 NR NR 11.1 NR
Vedolizumab mg g4w PBO PBO Cl 16.7
VEDO 300 Diff. vs Diff. vs 95% 4.9-
25.9 95% Cl 14.6-37.3 NR NR 10.6 NR
mg q8w PBO PBO Cl 16.3
PBO - - - - - NR - - - - -
Biologic-Experienced
VEDO 300 Diff. vs Diff. vs 95% -2.0-
13.4 95% Cl -3.4-30.2 NR NR 6.9 NR
mg 4w PBO PBO cl 15.7
VEDO 300 Diff. vs Diff. vs 95% -1.8-
14.1 95% Cl -2.5-30.5 NR NR 6.8 NR
mg q8w PBO PBO Cl 15.5
PBO = = = = = = = = = =
VARSITY Week 52
VEDO vs. ADA Overall
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IBDQ Score IBDQ Response / Remission* EQ-5D (Visual Analogue Scale)
i Data Data Data Data
ULE] Value Value % Value Value
Type Type Type Type

Remission
VEDO 300
NR 192 383 50.1 NR NR
mg
ADA 40 mg NR 156 386 40.4 = NR
Response
VEDO 300
- 199 383 52.0 NR NR
mg
ADA 40 mg 164 386 42.2 - NR
Stratified Biologic-Naive and Biologic-Experienced Data Not Reported
Week 52
Overall
Remission
TOF 5 mg Mean A 3.7 SE 3.4 <.0001 76 198 38.4 <.001 NR
OCTAVE TOF 10 mg Mean A 4.8 SE 3.2 <.0001 95 197 48.2 <.001 NR
SUSTAIN PBO Mean A -26.5 SE 3.8 = 29 198 14.6 = NR
Tofacitinib Response
TOF 5 mg 92 198 46.5 <.001 NR
TOF 10 mg - 106 197 53.8 <.001 NR
PBO 38 198 19.2 - NR
Stratified Biologic-Naive and Experienced Not Reported
Week 52
Overall
Response
UST 90 mg
Mean A -3.0 SD 32.9 NR 118 172 68.6 <.001 NR
ql2w
UNIFI
. UST 90 mg
Ustekinumab 8 Mean A 3.9 SD 31.5 NR 129 176 73.3 <.001 NR
q8w
PBO Mean A -15.1 SD 35.4 = 83 175 47.4 - NR
Remission
UST 90 mg
= 97 172 56.4 .004 NR
ql2w
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UST 90 mg
q8w

IBDQ Score IBDQ Response / Remission* EQ-5D (Visual Analogue Scale)
i Data Data Data Data
ULE] Value Value % Value Value
Type Type Type Type
111 176 63.1 <.001 NR

PBO 72 175 41.1 = NR

Stratified Biologic-Naive and Experienced Data Not Reported
ADA: adalimumab, EQ-5D: EuroQol - 5 dimension, GOL: golimumab, IBDQ: inflammatory bowel disease questionnaire, IFX: infliximab, IQR: interquartile range, IV: intravenous,
LS: least squares, mg: milligram, n: number, N: total number, NR: not reported, NS: not significant, PBO: placebo, QoL: quality of life, SC: subcutaneous, SD: standard deviation,
SE: standard error, SF-36: 36-item short form survey, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab, 95% Cl: 95% confidence interval, A: difference

*Rates of IBDQ response (change = 16 points, except for PURSUIT-J which used change >20 points) are reported unless otherwise noted that rates are for IBDQ remission
(score 2 170).
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Table D12. 36-Item Short Form Survey Outcomes in the Maintenance Phase

Trial SF-36 (Mental) SF-36 (Physical)
Week 52

Biologic-Naive

VEDO 300 mg q4w Ell;(f) ve 6.2 95% Cl 3.2-9.1 NR Diff. vs PBO 3.6 95% Cl 1.4-5.8 NR
VEDO 300 mg q8w Diff. vs 6 95% ClI 2.9-9.0 NR Diff. vs PBO 3.9 95% ClI 1.7-6.2 NR
GEMINI 1 PBO
Vedolizumab PBO - - - - - - - - - -
Biologic- Experienced
Diff. vs .
VEDO 300 mg gq4w 550 2.2 95% Cl -2.3-6.7 NR Diff. vs PBO 1.1 95% Cl -2.1-4.4 NR
VEDO 300 mg q8w E:; V8 3.3 95% Cl -1.2-7.8 NR Diff. vs PBO 2.2 95% Cl -1.0-5.4 NR
PBO - - - -- - -- - - - -
Week 52
Overall
TOF 5 mg Mean A -1 SE 0.9 <0.0001 Mean A 0 SE 0.8000 <0.0001
TOF 10 mg Mean A 0.1 SE 1.9 <0.0001 Mean A 0.3 SE 0.7000 <0.0001
PBO Mean A -6.7 SE 1.2 - Mean A -5.2 SE 0.9000 -
OCTAVE Biologic-Naive
SUSTAIN TOF 5 mg Mean A -1.7 SE 1.1 <0.001 Mean A -1.2 SE 0.9 <0.001
Tofacitinib TOF 10 mg Mean A -1 SE 1.1 <0.0001 Mean A -0.2 SE 0.9 <0.001
PBO Mean A -8.5 SE 1.5 -- Mean A -5.9 SE 1.1 --
Biologic-Experienced
TOF 5 mg Mean A -2.2 SE 1.2 <0.01 Mean A -0.9 SE 1 <0.001
TOF 10 mg Mean A -0.8 SE 1.1 <0.001 Mean A -1.2 SE 0.9 <0.001
PBO Mean A -6.7 SE 1.5 -- Mean A -6.1 SE 1.2 --

ADA: adalimumab, GOL: golimumab, IFX: infliximab, IQR: interquartile range, IV: intravenous, LS: least squares, mg: milligram, n: number, N: total number, NR: not reported,
NS: not significant, PBO: placebo, QolL: quality of life, SC: subcutaneous, SD: standard deviation, SE: standard error, SF-36: 36-item short form survey, TOF: tofacitinib, UST:
ustekinumab, VEDO: vedolizumab, A: difference
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Table D13. Induction and Maintenance WPAI Questionnaire I*

WPAI (Absenteeism) WPAI (Presenteeism)
Trial Data
- Value Data Type Value Data Type Value Data Type Value
ype

Induction — Week 8 (Data Not Reported)

ULTRA 2 Maintenance — Week 52
Adalimumab ADA 160/80 mg Mean 7 NR NR NR Mean 21 NR NR NR
PBO NR NR NR NR NR NR NR NR NR NR
Induction only — Week 8
OCTAVE 1
L. TOF 10 mg Mean A -11.2 95% Cl -9.9,1.6 0.16 Mean -22.1 95% Cl -19.8, -6.0 0.003
Tofacitinib
PBO Mean A -7.1 - -- - Mean -9.2 -- -- -
Induction only — Week 8
OCTAVE 2
. TOF 10 mg Mean A -7.3 95% Cl -4.4, 8.5 0.53 Mean -18.6 95% Cl -12.0, 2.2 0.18
Tofacitinib
PBO Mean A -9.3 - - - Mean -13.7 - - -
Maintenance only — Week 52
OCTAVE
SUSTAIN TOF 5 mg Mean A -4.5 95% ClI -12.2,1.0 0.09 Mean A -3.6 95% ClI -18.9,-2.8 0.008
. TOF 10 mg Mean A -3.1 95% Cl -10.7,2.4 0.21 Mean A -4.3 95% Cl -19.5,-3.4 0.005
Tofacitinib
PBO Mean A 1.1 - - - Mean A 7.2 - - -
Induction — Week 8
UST 130 mg Mean A -5.9 SD 31.39 <0.05 Mean A -15.1 SD 29.17 <0.05
UST 6 mg/kg Mean A -9.1 SD 23.84 <0.01 Mean A -20.4 SD 24.11 <0.001
UNIFI PBO Mean A -3.7 SD 30.41 -- Mean A -6.9 SD 21.89 --
Ustekinumab Maintenance — Week 52
UST 90 mg q12w Mean A -2 NR NR 0.133 Mean A -1.6 NR NR 0.017
UST 90 mg q8w Mean A -2.1 NR NR 0.172 Mean A -6.4 NR NR <0.001
PBO Mean A 4.7 NR NR - Mean A 7.4 NR NR -

ADA: adalimumab, diff: difference, IV: intravenous, kg: kilogram, mg: milligram, n: number, N: total number, NA: not applicable, NR: not reported, PBO: placebo, q8w: every 8
weeks, q12w: every 12 weeks, SC: subcutaneous, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab, WPAI: work productivity and activity impairment questionnaire

All other trials did not report WPAI.

*Stratified biologic-naive and experienced data not reported.
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Table D14. Induction and Maintenance WPAI Questionnaire I1*

Trial WPAI (Work Productivity Loss) WPAI (Non-Work Productivity Loss)

Induction — Week 8 (Data Not Reported)

ULTRA 2 Maintenance — Week 52
Adalimumab ADA 160/80 mg Mean 24 NR NR NR Mean 23 NR NR NR
PBO NR NR NR NR NR NR NR NR NR NR
Induction only — Week 8
OCTAVE 1
Tofacitinib TOF 10 mg Mean A -19.1 95% Cl -19.1,-2.1 0.0143 Mean A -25.4 95% Cl -19, -8.9 <0.0001
itini
PBO Mean A -8.5 = = = Mean A -11.5 = = =
Induction only — Week 8
OCTAVE 2
Tofacitinib TOF 10 mg Mean A -14.7 95% Cl -11.9, 4.9 0.412 Mean -24.0 95% Cl -17.2,-6.4 <0.0001
ofacitini
PBO Mean A -11.2 - - - Mean -12.2 - - -
Maintenance only — Week 52
OCTAVE
T TOF 5 mg Mean A -3.4 95% Cl -17.8,9.0 0.519 Mean A -2.8 95% Cl -20.6, -7.5 <0.0001
Tofacitinib TOF 10 mg Mean A -6.6 95% Cl -20.6,-5.4 0.253 Mean A -3.1 95% Cl -20.8,-5.4 <0.0001
PBO Mean A 1.0 - -17.8,9.0 0.519 Mean A 11.3 - - -
Induction — Week 8
UST 130 mg Mean A -17.2 SD 30.36 <0.01 Mean A -17.7 SD 29.45 <0.01
UST 6 mg/kg Mean A -21.8 SD 26.26 <0.001 Mean A -20.8 SD 26.27 <0.001
UNIFI PBO Mean A -8 SD 24.83 -- Mean A -10.9 SD 28.66 --
Ustekinumab Maintenance — Week 52
UST 90 mg q12w Mean A -2.2 NR NR 0.013 Mean A 0.8 NR NR 0.002
UST 90 mg q8w Mean A -6.1 NR NR <0.001 Mean A -4.2 NR NR <0.001
PBO Mean A 7.7 NR NR - Mean A 9.3 NR NR --
Maintenance only — Week 52
VISIBLE -27.9, -33.2,
; VEDO 300 mg (IV) Mean 27 95% Cl 0.04 Mean 22 95% ClI <0.001
Vedolizumab -0.6 -13.2
PBO Mean 39 -- -- Mean 45 - - -

ADA: adalimumab, diff: difference, IV: intravenous, kg: kilogram, mg: milligram, n: number, N: total number, NA: not applicable, NR: not reported, PBO: placebo, q8w: every 8
weeks, q12w: every 12 weeks, SC: subcutaneous, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab, WPAI: work productivity and activity impairment questionnaire

All other trials did not report WPAI.

*Stratified biologic-naive and experienced data not reported.
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Table D15. Safety in the Induction Phase

EEECEEEEErES
AE to AE bodies ) Infections
Reaction
Kobayashi IFX 5 mg/kg 81.7 NR 43 NR 8.7 NR NR 10.6 31.7 1 NR
PBO 82.7 NR 7.7 NR 12.5 NR NR 8.7 33.7 1.9 NR
ADA 80/40 mg 53.8 NR 6.2 0 3.8 6.9 NR 5.4 20 1.5 NR
ULTRA 1 ADA 160/80 mg 50.2 NR 5.4 0 4 8.5 NR 5.8 14.3 0 NR
PBO 48.4 NR 5.4 0 7.6 7.6 NR 3.1 15.7 1.3 NR
ADA 80/40 mg 56.3 16.1 0 NR 2.3 NR = 5.7 12.6 0
ADA 160/80 mg  44.4 13.3 6.7 NR 4.4 NR = 7.8 18.9 3.3 1.1
PBO 46.9 10.4 4.2 NR 7.3 NR = 2.1 15.6 0
GOL 200/100 mg  37.5 NR 0.3 0 2.7 NR 0.3 3.3 11.8 0.3 0
IGEESeN GOL 400/200mg ~ 38.9 NR 0.3 0.3 3.3 NR 0.6 3 12.3 0.9 0
PBO 38.2 NR 0.9 0 3.9 NR NR 1.5 12.1 1.8 0
VEDO 300 mg 45 NR 6.7 2.2 3 NR NR <1 14 <1 NR
m PBO 46 NR 0 0 7 NR NR <1 15 2 NR
Motoya VEDO 300 mg 50 10.4 49 0 6.1 NR NR 3 NR 0.6 NR
PBO 52.4 14.6 2.4 0 2.4 NR NR 2.4 NR 2.4 NR
- TOF 10 mg 56.5 NR 3.8 0.21 3.4 NR NR NR 233 1.3 0
OCTAVE 1
PBO 59.8 NR 1.6 0 4.1 NR NR NR 15.6 0 0
- TOF 10 mg 54.1 NR 4 0 4.2 NR NR NR 18.2 0.2 0
OCTAVE 2
PBO 52.7 NR 7.1 0 8 NR NR NR 15.2 0 0
UST 130 mg 41.4 NR NA 0 3.7 NR NR 2.2 15.9 0.6 NR
UST 6 mg/kg 50.6 NR NA 0.3 3.4 NR NR 0.9 15.9 0.3 NR
PBO 48 NR NA 0 6.9 NR NR 1.9 15.4 1.6 NR

ADA: adalimumab, AE: adverse event, D/C: discontinuation, GOL: golimumab, IFX: infliximab, kg: kilogram, mg: milligram, NA: not applicable, NR: not reported, PBO: placebo, TB:
tuberculosis, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab
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Appendix E. Comparative Value Supplemental

Information

Table E1. Impact Inventory

Included in This Analysis
Type of Impact from... Perspective? Notes on Sources
Health Care m

Formal Health Care Sector

Assume no direct impact on
mortality outside of potential
reduction in colectomy-
associated mortality

Longevity effects O O
Health Outcomes

Health-related quality of life effects X X
Adverse events X X
Paid by third-party payers X X
. Paid by patients out-of-pocket O O
Medical Costs - -
Future related medical costs X X Direct health state costs
Future unrelated medical costs O O
Informal Health Care Sector
Patient time costs NA O
Health-Related - - -
o Unpaid caregiver-time costs NA O
Transportation costs NA O
Non-Health Care Sectors
Labor market earnings lost NA X
Cost of unpaid lost productivity due g
Productivity toillness
Cost of uncompensated household
. NA O
production

. Future consumption unrelated to
Consumption NA O
health

. . Cost of social services as part of
Social Services . . NA O
intervention

Number of crimes related to

. . . NA O
Legal/Criminal intervention
Justice Cost of crimes related to
) i NA O
intervention
Impact of intervention on
educational achievement of NA O
population
Cost of home improvements,
L NA O
remediation
Production of toxic waste pollution
. . NA O
by intervention
NA: not applicable
Adapted from Sanders et al.1>7
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Description of evLYG Calculations

The cost per evLYG considers any extension of life at the same “weight” no matter what treatment
is being evaluated. Below are the stepwise calculations used to derive the evLYG.

1. First, we attribute a utility of 0.851, the age- and gender-adjusted utility of the general
population in the US that are considered healthy.!!?

2. For each cycle (Cycle I) in the model where using the intervention results in additional years
of life gained, we multiply this general population utility with the additional life years gained
(ALYG).

3. We sum the product of the life years and average utility (cumulative LYs/cumulative QALYs)
for Cycle | in the comparator arm with the value derived in Step 2 to derive the equal value
of life years (evLY) for that cycle.

4. If no life years were gained using the intervention versus the comparator, we use the
conventional utility estimate for that Cycle I.

5. The total evLY is then calculated as the cumulative sum of QALYs gained using the above
calculations for each arm.

6. We use the same calculations in the comparator arm to derive its evLY.

Finally, the evLYG is the incremental difference in evLY between the intervention and the
comparator arms.

Extended Induction Calculations

Additional efficacy benefit from extended induction was calculated for adalimumab, golimumab,
tofacitinib, ustekinumab, and vedolizumab. For adalimumab, 28.6% of patients achieved remission
at eight weeks and 32.7% did at 16 weeks, an absolute gain of 4.1%. If the 71.4% who did not
achieve remission at eight weeks continued to be treated, 5.7% of these patients
(4.1%/71.4%=5.7%) would be expected to achieve remission at 16 weeks to equal a total of 32.7%
at 16 weeks.”® For golimumab, 112 of 398 clinical non-responders at eight weeks in the PURSUIT
trial who continued to receive golimumab achieved partial Mayo response at week eight of
maintenance (week 16 since treatment initiation), 28.1%.>* No information was available for clinical
response without remission. For tofacitinib, of 295 non-responders at end of induction in OCTAVE,
148 achieved response (with and without remission) at 16 weeks. Of these, 41 achieved remission
(13.9%) and 107 (148-41) were in response without remission. Therefore, 36.3% (107/295) of
patients with active UC at eight weeks will move to the response without remission health state at
week 16.%7 For ustekinumab in the biologic-naive population, of 43 non-responders at end of
induction in OCTAVE, 34 achieved response (with and without remission) at 16 weeks at the 6
mg/kg dosing.>> Of these, eight achieved remission (18.6%) and 26 (34 minus eight) were in
response without remission. Therefore 60.5% (26/43) of patients with active UC at eight weeks will
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move to the response without remission health state at week 16. For the biologic-experienced

population, one of 58 (1.7%) non-responders at the end of induction achieved remission at week 16

and 25 achieved response (with or without remission).>® For vedolizumab, 39% of non-responders

at the end of six weeks had response (with or without remission) at 14 weeks. The proportion

achieving remission at 14 weeks was not reported.*°

One-Way Sensitivity Analysis Tornado Charts

Figure E1. Tornado Diagram for One-Way Sensitivity Analyses of Adalimumab versus

Conventional Treatment (Cost per QALY)

$194,733 $493,369 $1,334,739 Parameter Base Case Low Value High Value
Utility of active UC health state 0.699 0.410 0.814
Utility of response health state 0.783 0.727 0.840
[ Utility of remission health state 0.873 0.846 0.900
fzﬂ Utility of post-surgical remission health state 0.790 0.710 0.810
26 Ada package price $3,601 $3,241 $3,961
%o Ada bio-naive RR maintenance remit - remit 1.60 1.20 2.04
§ . Low Ada maintenance dosing interval (weeks) 2.0 1.8 2.2
@ . High Ada bio-naive RR maintenance resp - remit 1.60 1.20 2.04
Conventional induction bio-exp remission 4.0% 2.0% 6.0%
Ada bio-naive RR induction remission 176 1.38 219
$194,742 $495,494 $1,532,865 Parameter Base Case Low Value High Value
- Utility of active UC health state 0.699 0.410 0.814
8 Utility of response health state 0.783 0.727 0.840
§ Utility of remission health state 0.873 0.846 0.900
:I-J Conventional induction bio-exp remission 4.0% 2.0% 6.0%
u% Conventional maintenance bio-exp resp - remit 13.0% 9.0% 17.0%
é Utility of post-surgical remission health state 0.790 0.710 0.810
%‘o . Low Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%
g - High Ada bio-exp RR maintenance resp - remit 291 172 4.65
Ada bio-exp RR maintenance remit - remit 291 172 4.65
Ada package price $3,601 $3,241 $3,961

ada: adalimumab, bio: biologic, exp: experienced, IV: intravenous, resp: response without remission, RR: risk ratio,

tx: treatment, UC: ulcerative colitis
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Figure E2. Tornado Diagram for One-Way Sensitivity Analyses of Golimumab versus Conventional
Treatment (Cost per QALY)

$178,918 $458,366 $1,242,672 Parameter Base Case Low Value High Value
Utility of active UC health state 0.699 0.410 0.814
Utility of response health state 0.783 0.727 0.840
°>J Utility of remission health state 0.873 0.846 0.900
'© Utility of post-surgical remission health state 0.790 0.710 0.810
% Gol package price $3,248 $2,923 $3,573
) Gol bio-naive RR maintenance remit - remit 148 1.07 1.97
% . Low Gol maintenance dosing interval (weeks) 4.0 3.6 4.4
oa) - High Gol bio-naive RR induction remission 241 1.89 3.08
Conventional induction bio-naive remission 9.0% 7.0% 13.0%
Gol bio-naive RR maintenance resp — remit 1.48 1.07 1.97

IV: intravenous, resp: response without remission, RR: risk ratio, UC: ulcerative colitis

Figure E3. Tornado Diagram for One-Way Sensitivity Analyses of Infliximab versus Conventional
Treatment (Cost per QALY)

$230,164 $561,253 Parameter Base Case Low Value High Value
Utility of active UC health state 0.699 0.410 0.814
Infx bio-naive RR maintenance remit - remit 1.66 1.08 231
°>J Utility of response health state 0.783 0.727 0.840
'© Utility of remission health state 0.873 0.846 0.900
% Infx bio-naive RR maintenance resp - remit 1.66 1.08 231
) Conventional induction bio-naive remission 9.0% 7.0% 13.0%
% . Low Infx bio-naive RR induction remission 3.22 2.60 3.96
oa) - High Conventional maintenance bio-naive remit - remit ~ 26.0% 20.0% 32.0%
Utility of post-surgical remission health state 0.790 0.710 0.810
Conventional induction bio-exp response 22.0% 18.0% 27.0%

bio: biologic, infx: infliximab, resp: response without remission, RR: risk ratio, UC: ulcerative colitis

Figure E4. Tornado Diagram for One-Way Sensitivity Analyses of Infliximab-dyyb versus
Conventional Treatment (Cost per QALY)

$92,097 $247,511 $609,492 Parameter Base Case Low Value High Value
Utility of active UC health state 0.699 0.410 0.814
Infx bio-naive RR maintenance remit - remit 1.66 1.08 231
g Utility of response health state 0.783 0.727 0.840
© Utility of remission health state 0.873 0.846 0.900
Z('J Infx bio-naive RR maintenance resp - remit 1.66 1.08 231
) Conventional induction bio-naive remission 9.0% 7.0% 13.0%
% . Low Infx bio-naive RR induction remission 3.22 2.60 3.96
) - High Conventional maintenance bio-naive remit - remit 26.0% 20.0% 32.0%
Utility of post-surgical remission health state 0.790 0.710 0.810
Conventional induction bio-exp response 22.0% 18.0% 27.0%

bio: biologic, infx: infliximab, resp: response without remission, RR: risk ratio, tx: treatment, UC: ulcerative colitis,
ust: ustekinumab
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Figure E5. Tornado Diagram for One-Way Sensitivity Analyses of Infliximab-abda versus

Conventional Treatment (Cost per QALY)

$84,336 $229,040 $558,128 Parameter

Utility of active UC health state

Infx bio-naive RR maintenance remit - remit
Utility of response health state

Utility of remission health state

Infx bio-naive RR maintenance resp - remit
Conventional induction bio-naive remission

Infx bio-naive RR induction remission

Biologic-Naive

Utility of post-surgical remission health state

Conventional induction bio-exp response

Base Case Low Value High Value

0.699
1.66
0.783
0.873
1.66
9.0%
3.22

Conventional maintenance bio-naive remit - remit 26.0%

0.790
22.0%

0.410
1.08
0.727
0.846
1.08
7.0%
2.60
20.0%
0.710
18.0%

0.814
231
0.840
0.900
231
13.0%
3.96
32.0%
0.810
27.0%

bio: biologic, infx: infliximab, resp: response without remission, RR: risk ratio, UC: ulcerative colitis

Figure E6. Tornado Diagram for One-Way Sensitivity Analyses of Tofacitinib versus Conventional

Treatment (Cost per QALY)

$149,059 $382,247 $1,145,815 Parameter Base Case Low Value High Value

b} Utility of active UC health state 0.699 0.410 0.814

8 Utility of response health state 0.783 0.727 0.840

6 Utility of remission health state 0.873 0.846 0.900

B Conventional induction bio-exp remission 4.0% 2.0% 6.0%

o Tofa bio-exp RR maintenance remit - remit 249 1.46 3.79

Ll? Tofa bio-exp RR maintenance resp - remit 249 1.46 3.79

9 . Low Utility of post-surgical remission health state 0.790 0.710 0.810

ED - High Tofa bio-exp RR induction remission 4.10 2.62 6.18

9 Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%

o Tofa package price $2,919 $2,627 $3,211
bio: biologic, exp: experienced, resp: response without remission, tofa: tofacitinib, UC: ulcerative colitis
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Figure E7. Tornado Diagram for One-Way Sensitivity Analyses of Ustekinumab versus

Conventional Treatment (Cost per QALY)

$238,328 $584,321
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$1,536,468 Parameter

$1,536,468 Parameter

Base Case Low Value High Value

Utility of active UC health state 0.699 0.410 0.814
Utility of response health state 0.783 0.727 0.840
Utility of remission health state 0.873 0.846 0.900
Ust maintenance dosing interval (weeks) 8.0 7.2 8.8
Ust package price $14,057 $12,652 $15,463
Utility of post-surgical remission health state 0.790 0.710 0.810
Conventional maintenance bio-exp resp - remit 13.0% 9.0% 17.0%
Conventional induction bio-exp remission 4.0% 2.0% 6.0%
Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%
Ust bio-naive RR maintenance resp - remit 1.84 121 2.52

Base Case Low Value High Value

Utility of active UC health state 0.699 0.410 0.814
Utility of response health state 0.783 0.727 0.840
Utility of remission health state 0.873 0.846 0.900
Ust maintenance dosing interval (weeks) 8.0 7.2 8.8
Ust package price $14,057 $12,652 $15,463
Utility of post-surgical remission health state 0.790 0.710 0.810
Conventional maintenance bio-exp resp - remit 13.0% 9.0% 17.0%
Conventional induction bio-exp remission 4.0% 2.0% 6.0%
Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%
Ust bio-naive RR maintenance resp - remit 1.84 121 2.52

bio: biologic, exp: experienced, resp: response without remission, RR: risk ratio, tx: treatment, UC: ulcerative

colitis, ust: ustekinumab
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Figure E8. Tornado Diagram for One-Way Sensitivity Analyses of Vedolizumab versus
Conventional Treatment (Cost per QALY)

$147,333 $372,566 $915,964 Parameter Base Case Low Value High Value

Utility of active UC health state 0.699 0.410 0.814

Utility of response health state 0.783 0.727 0.840

G>J Utility of remission health state 0.873 0.846 0.900
© VedolV bio-naive RR maintenance remit - remit 2.14 174 2.58

% VedolV package price $5,496 $4,947 $6,046
) Conventional maintenance bio-naive remit - remit 26.0% 20.0% 32.0%
% . Low Utility of post-surgical remission health state 0.790 0.710 0.810
E - High VedolV maintenance dosing interval (weeks) 8.0 7.2 8.8
VedolV bio-naive RR induction remission 2.79 218 3.58

VedolV bio-naive RR maintenance resp = remit 2.14 174 2.58

$168,353 $418,877 $1,250,673 Parameter Base Case Low Value High Value

o Utility of active UC health state 0.699 0.410 0.814
8 Utility of response health state 0.783 0.727 0.840
GCJ VedolV bio-exp RR maintenance remit - remit 3.48 243 5.03
E Utility of remission health state 0.873 0.846 0.900
Q VedolV bio-exp RR maintenance resp - remit 3.48 243 5.03

a:’ Conventional maintenance bio-exp remit - remit 13.0% 9.0% 17.0%

2 . Low Conventional maintenance bio-exp resp - remit 13.0% 9.0% 17.0%
ED - High Conventional induction bio-exp remission 4.0% 2.0% 6.0%
.8 Utility of post-surgical remission health state 0.790 0.710 0.810

@ VedolV package price $5,496 $4,947 $6,046

bio: biologic, exp: experienced, IV: intravenous, resp: response without remission, RR: risk ratio, UC: ulcerative
colitis, vedo: vedolizumab

Undiscounted Results, Biologic-Naive Population

Table E2. Undiscounted Results for the Base-Case for TIMs and Conventional Treatment: Biologic-
Naive

Initial TIM
P Total
arameter Drug Cost otal Cost _ QALYs evLYs

Adallmumab $48,000 $738,000 38.72 27.97 27.98

m $45,000 $734,000 38.73 27.97 27.99
| infliimab ~~ [ESRAY $703,000 38.73 28.02 28.03
$21,000 $707,000 38.73 28.02 28.03
$17,000 $703,000 38.73 28.02 28.03

$111,000 $782,000 38.73 28.02 28.03

Vedolizumab $64,000 $745,000 38.73 28.05 28.06

Conventional
$43,000 $650,000 38.65 27.75 27.75
Treatment

evLY: equal value of life years, LY: life year, N/A: not applicable, QALY: quality-adjusted life year, TIM: targeted

immune modulator
Costs rounded to nearest $1,000.
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Table E3. Undiscounted Incremental Cost-Effectiveness Ratios for the Base Case Compared to

Conventional Treatment: Biologic-Naive

Cost per LY Gained Cost per QALY Gained Cost per evlLY Gained

Treatment
Adalimumab $1,195,000
$1,064,000
$629,000
$674,000
$626,000
$1,632,000
$1,166,000
Reference

Infliximab-dyyb
Infliximab-abda

Vedolizumab
Conventional Treatment

$407,000
$375,000
$198,000
$212,000
$197,000
$493,000
$320,000
Reference

evLY: equal value of life years, LY: life year, QALY: quality-adjusted life year

$387,000
$356,000
$189,000
$203,000
$188,000
$471,000
$307,000
Reference

Incremental cost-effectiveness ratios rounded to nearest $1,000 or $10,000, if over $1,000,000.

Table E4. Undiscounted Incremental Cost-Effectiveness Ratios for the Base Case Compared to

Infliximab: Biologic-Naive

Adalimumab Higher cost and fewer LYs
Higher cost and fewer LYs
Reference

(1 ELEC Y8 Higher cost and equal LYs
Vi ElE=] . EW  Lower cost and equal LYs
Higher cost and fewer LYs

Vedolizumab

Higher cost and fewer LYs

Higher cost and fewer QALYs
Higher cost and fewer QALYs
Reference

Higher cost and equal QALYs
Lower cost and equal QALYs
$1,750,540,000

$1,510,000

evLY: equal value of life years, LY: life year, QALY: quality-adjusted life year

Cost per LY Gained Cost per QALY Gained Cost per evLY Gained

Higher cost and fewer evLYs
Higher cost and fewer evLYs
Reference

Higher cost and equal evLYs
Lower cost and equal evLYs
Higher cost and fewer evLYs
$1,540,000

Incremental cost-effectiveness ratios rounded to nearest $1,000 or $10,000, if over $1,000,000.

Undiscounted Results, Biologic-Experienced Population

Table E5. Undiscounted Results for the Base-Case for TIMs and Conventional Treatment: Biologic-

Experienced

$34,000 $750,000
Tofacitinib $33,000 $745,000
| Ustekinumab  [EF/RIY $778,000
Vedolizumab $45,000 $755,000

Conventional
$42,000 $675,000

Treatment

38.72 27.60
38.73 27.64
38.73 27.65
38.72 27.65
38.65 27.42

27.61
27.66
27.66
27.66

27.42

evLY: equal value of life years, LY: life year, N/A: not applicable, QALY: quality-adjusted life year, targeted immune

modulator
Costs rounded to nearest $1,000.
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Table E6. Undiscounted Incremental Cost-Effectiveness Ratios for the Base Case Compared to
Conventional Treatment: Biologic-Experienced

Cost per LY Gained Cost per QALY Gained Cost per evLY Gained

Adalimumab $1,110,000 $402,000 $380,000

$833,000 $313,000 $295,000

$1,210,000 $450,000 $424,000
Vedolizumab $1,057,000 $347,000 $30,000
Conventional Treatment BEE IS Reference Reference

evLY: equal value of life years, LY: life year, QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table E7. Undiscounted Incremental Cost-Effectiveness Ratios for the Base Case Compared to
Adalimumab: Biologic-Experienced

Cost per LY Gained Cost per QALY Gained Cost per evLY Gained

AGENTTTGEI Reference Reference Reference
Tofacitinib Lower cost and greater LYs Lower cost and greater QALYs Lower cost and greater evlLYs

m $1,580,000 $661,000 $619,000

\WELLITPAT BN $628,000 $125,000 $121,000
evLY: equal value of life years, LY: life year, QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000.

Table E8. League Table of Incremental Cost-Effectiveness Ratios for TIMs Against Conventional
Treatment and Each Other, Biologic-Naive Population

| | TotalCosts | Total QALYs ICER

Conventional treatment $379,000 15.80
Adalimumab $461,000 15.97 Dominated
$458,000 15.97 Dominated
Infliximab-abda $427,000 16.01 $229,000
$427,000 16.01 Cost increasing, equal QALYs
Infliximab-dyyb $431,000 16.01 Cost increasing, equal QALYs
$502,000 16.01 Dominated
Vedolizumab IV $467,000 16.04 $1,578,000

ICER: incremental cost-effectiveness ratio, IV: intravenous, QALY: quality-adjusted life year
Incremental cost-effectiveness ratios rounded to nearest $1,000 or $10,000, if over $1,000,000.
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Table E9. League Table of Incremental Cost-Effectiveness Ratios for TIMs Against Conventional
Treatment and Each Other, Biologic-Experienced Population

Total QALYs ICER

I

$464,000 15.74 Dominated
$459,000 15.77 $382,000
| Ustekinumab ~~ JRRETOO) 15.78 Dominated
$469,000 15.78 $1,114,000

ICER: incremental cost-effectiveness ratio, IV: intravenous, QALY: quality-adjusted life year

Table E10. Results of Probabilistic Sensitivity Analysis for TIMs versus Conventional Treatment:
Biologic-Naive

]
95% Credible Range m 95% Credible Range m 95% Credible Range

Adalimumab
$465,000  ($415,000, $518,000) $379,000  ($331,000, $425,000) $86,000 ($69,000, $111,000)
T2 16.1 (14.0, 18.3) 15.9 (13.8, 18.2) 0.18 (0.05, 0.33)
ICER = = = = $484,000  ($336,000, $1,480,000

H

$461,000  ($410,000, $513,000) $379,000  ($331,000, $425,000) $82,000 ($65,000, $107,000)
T2 161 (14.0, 18.3) 15.9 (13.8, 18.2) 0.18 (0.05, 0.34)
ICER - - - - $449,853  ($318,000, $1,220,000)

$429,000  ($380,000, $479,000) $378,000  ($331,000, $425,000) $51,000 ($37,000, $74,000)
Total QALYs [REIRI (14.0, 18.3) 15.9 (13.8, 18.2) 0.22 (0.07, 0.40)
ICER = = = = $226,000  ($183,000, $561,000)

Infliximab-dyyb
$433,000  ($383,000, $481,000) $379,000  ($331,000, $425,000) $54,000 ($40,000, $77,000)

Total QALYs [ (14.0, 18.3) 15.9 (13.8, 18.2) 0.22 (0.07, 0.40)
ICER = = = = $242,000  ($192,000, $601,000)
Infliximab-abda
$429,000  ($380,000, $478,000) $379,000  ($331,000, $425,000) $50,000 ($37,000, $73,000)
Total QALYs [T (14.0, 18.3) 15.9 (13.8, 18.2) 0.22 (0.07, 0.40)
ICER = = = = $223,000  ($181,000, $551,000)

$507,000  ($445,000, $578,000) $379,000  ($331,000, $425,000) $128,000 ($86,000, $189,000)
Total QALYs [T (14.0, 18.3) 15.9 (13.8, 18.2) 0.22 (0.07, 0.43)
ICER = = = = $576,000  ($436,000, $1,290,000)
Vedolizumab
$468,000  ($419,000, $521,000) $379,000  ($331,000, $425,000) $90,000 ($72,000, $116,000)
Total QALYs [T (14.0, 18.3) 15.9 (13.8, 18.2) 0.24 (0.08, 0.42)
ICER = = = = $373,000  ($273,000, $921,000)
ICER: incremental cost-effectiveness ratio, QALY: quality-adjusted life year, TIM: targeted immune modulator

©Institute for Clinical and Economic Review, 2020 Page 189
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Figure E9. Probabilistic Sensitivity Analysis Results: Cost-Effectiveness Clouds: Biologic-Naive
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Table E11. Results of Probabilistic Sensitivity Analysis for TIMs versus Conventional Treatment:
Biologic-Experienced

m 95% Credible Range m 95% Credible Range m 95% Credible Range

Adalimumab
$469,000 ($417,0001, $527,000) $395,000 ($348,000, $445,000) $74,000 ($54,000, $110,000)
Total QALYs [REK:] (13.4, 18.3) 15.6 (13.2, 18.2) 0.15 (0.04, 0.33)

ICER = = = = $481,000 ($335,000, $1,270,000)

Tofacitinib
$463,000 ($412,000, $524,000)  $395,000 ($348,000, $445,000) $68,000 ($49,000, $105,000)

Total QALYs [REK:] (13.4, 18.3) 15.6 (13.2, 18.2) 0.2 (0.06, 0.38)

ICER = = = = $375,000 (5276,000, $888,000)

$509,000 ($435,000, $587,000)  $395,000 ($348,000, $445,000) $114,000 ($68,000, $183,000)
Total QALYs [RER: (13.4, 18.3) 15.6 (13.2, 18.2) 0.20 (0.05, 0.44)

ICER = = = = $559,000 ($415,000, $1,250,000)

Vedolizumab

$474,000 ($422,000, $540,000)  $395,000 ($348,000, $445,000) $80,000 ($57,000, $126,000)
15.8 (13.5, 18.3) 15.6 (13.2, 18.2) 0.20 (0.05, 0.52)

- - - - $3,923,000 ($243,000, $1,080,000)

ICER: incremental cost-effectiveness ratio, QALY: quality-adjusted life year, TIM: targeted immune modulator
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Figure E10. Probabilistic Sensitivity Analysis Results: Cost-Effectiveness Clouds: Biologic-
Experienced
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Appendix F. Network Meta-Analysis

Supplemental Information

Network Meta-Analysis Methods

The comparative efficacy of the TIMs for patients living with moderate-to-severe UC was assessed
by means of NMA, where feasible. Trials that were deemed sufficiently similar in terms of
population, intervention type, duration, and outcome definitions were included in the NMAs.

NMAs focused on clinical response, clinical remission, and endoscopic improvement were
conducted. Given the expected differences in the clinical efficacy of treatment in patients with and
without prior biologic exposure, separate networks were developed for biologic-naive and biologic-
experienced populations. Clinical response and remission were analyzed as ordered categorical

” u

outcomes (“no response,” “response without remission,” and “remission”) with a multinomial
likelihood and a probit link. Endoscopic improvement was analyzed as a dichotomous outcome

(“yes” or “no”) with a binomial likelihood and log link.

Outcomes were analyzed separately for the induction phase (six to 14 weeks) and maintenance
phase (52-60 weeks). All efficacy outcomes were analyzed in the induction phase (six to 14 weeks).
In addition, clinical response and remission were analyzed in the maintenance phase (52-60 weeks).
Trials included in the maintenance NMAs had a maintenance phase of at least 52 weeks. Therefore,
some trials with a shorter maintenance phase (ACT 2, Jiang 2015, and Kobayashi 2016) were
excluded from the maintenance evidence network. Endoscopic improvement was analyzed only
during the induction phase due to limited data availability and trial design differences.

The evidence base for the maintenance phase in the included trials is a combination of “treat-
through” designs, where patients were randomized only at baseline and followed through until the
end of maintenance, and “re-randomized” designs, where responders to treatment from one or
two induction trials were re-randomized in the maintenance phase. In order to analyze all trials in
comparable fashion in one network, results from treat-through trials were adjusted to more closely
resemble results from re-randomized trials. Three maintenance trials included in the NMAs had a
“treat-through” study design (ACT 1, ULTRA 2, and VARSITY);”>7823 of note, another one of the
available trials also had a treat-through design (Suzuki 2014), but was not included in the
maintenance NMA due to lack of data. Six maintenance trials had a “re-randomized” study design
(PURSUIT-M, GEMINI 1, Motoya 2019, VISIBLE 1, OCTAVE SUSTAIN, and UNIFI1);%1.67.77.7985 of note,
another available trial also had a re-randomized design (PURSUIT-J), but was not included in the
maintenance NMA due to a lack of data.
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Data were available for all TIMs (adalimumab, golimumab, infliximab, tofacitinib, ustekinumab, and
vedolizumab) in the biologic-naive population. We note, however, that use of tofacitinib is no
longer feasible in a biologic-naive population, based on an FDA-enforced label change (July 2019)
that now requires that tofacitinib use be reserved for “...patients who have failed or do not tolerate
tumor necrosis factor (TNF) blockers.”*° Based on this information, tofacitinib was not included in
the NMAs for induction or maintenance within the biologic-naive population. Data were available
for adalimumab, tofacitinib, ustekinumab, and vedolizumab in the biologic-experienced population;
data were not available for infliximab or golimumab, so we were unable to generate comparative
efficacy estimates for these drugs.

Both random- and fixed-effects models were explored. We used fixed-effects models given the
limited data available for each network. In addition, we explored adjusting for baseline risk given
the differences in placebo response rates across trials. Baseline risk adjustment did not improve
the model fit for any NMA, and so was not used in the final models. Table F1 lists the NMAs we
conducted and the details of the model, and Table F2 lists the trials included in our NMAs as well as
reasons for exclusion of trials. Finally, while different doses of some of the TIMs were studied in
available trials, we found no statistically significant differences in rates of response or remission
between doses in any relevant trial, so these data were pooled at the drug level for our NMAs.

All NMAs were conducted in a Bayesian framework in R. NMAs on clinical response and remission
were conducted with JAGS using the R2jags package.>* For our NMAs on clinical response and
remission, we based out analysis on existing code.’®® NMAs on endoscopic improvement were
conducted using the gemtc package.>®

Table F1. NMAs Conducted to Inform Comparative Efficacy of TIMs

| Populaion | = Model |  NumberofTrials

Induction Outcomes

Clinical Response and a) Biologic-naive Multinomial with probit a) 12
Remission b) Biologic-experienced link b) 7
Endoscopic a) Biologic-naive . L . a)11
) ) . Binomial with log link
Improvement b) Biologic-experienced b) 6

Maintenance Outcomes

Clinical Response and a) Biologic-naive Multinomial with probit  a) 8
Remission b) Biologic-experienced link b) 7
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In the table above, a check (“v”) indicates the trial was included in the specified NMA, while a cross

mark (“X”) indicates the trial was excluded from the NMA. A dash (“—”) indicates that the trial was
not designed to provide data for the specified NMA (i.e., the trial only included biologic-naive
patients [all infliximab and golimumab trials, ULTRA 1, and Suzuki 2014], or the trial included only a
randomized induction phase [ULTRA 1, PURSUIT-SC, OCTAVE 1 & 2] or only a randomized
maintenance phase [PURSUIT-M, PURSUIT-J, OCTAVE SUSTAIN, VISIBLE 1]). Below are the following
reasons we excluded trials from our NMAs.

e VARSITY was excluded from the endoscopic improvement NMAs as data stratified by
biologic exposure was not available.

e Suzuki 2014 and PURSUIT-J were excluded from the response and remission maintenance
NMA due to a lack of data to achieve outcomes comparable to those in the other trials
included in the network (more detailed provided in "Inputs used in NMAs of Maintenance
Outcomes").
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e ACT 2, Kobayashi 2016, and Jiang 2015 were excluded from response and remission
maintenance NMA as their maintenance phase was <52 weeks (as mentioned earlier).

e NCT01551290 was excluded from the NMAs as it was available only in grey literature.

e OCTAVE 1, 2, and SUSTAIN were excluded from the biologic-naive NMAs due to tofacitinib’s
FDA-enforced label change.

Network Meta-Analysis Inputs
Inputs Used in Network Meta-Analyses of Induction Outcomes

Table F3. Inputs Used in NMA of Response and Remission in the Induction Phase, Biologic-Naive

ria
0 | N | % | n | N | % |
IFX 5 mg/kg 84 121 69.4 47 121 38.8
- IFX 10 mg/kg 75 122 61.5 39 122 32.0
IFX pooled 159 243 65.4 86 243 35.4
PBO 45 121 37.2 18 121 14.9
IFX 5 mg/kg 78 121 64.5 41 121 33.9
- IFX 10 mg/kg 83 120 69.2 33 120 27.5
IFX pooled 161 241 66.8 74 241 30.7
PBO 36 123 29.3 7 123 5.7
. IFX 5 mg/kg 32 41 78.1 22 41 53.7
Jiang 2015 8
PBO 15 41 36.6 9 41 21.9
. IFX 5 mg/kg 57 104 54.8 21 104 20.2
Kobayashi 2016 8
PBO 37 104 35.6 11 104 10.6
ADA 160/80 mg 71 130 54.6 24 130 18.5
ULTRA 1 8
PBO 58 130 44.6 12 130 9.2
ADA 160/80 mg 89 150 59.3 32 150 21.3
ULTRA 2 8
PBO 56 145 38.6 16 145 11.0
. ADA 160/80 mg 45 90 50.0 9 90 10.0
Suzuki 2014 8
PBO 34 96 35.4 11 96 115
GOL 200/100 mg 147 294 50.0 52 294 17.7
PURSUIT-SC
GOL 400/200 mg 163 298 54.7 56 298 18.8
(Phase 11 & Il1 6
GOL pooled 310 592 52.4 108 592 18.2
Pooled)
PBO 89 292 30.5 20 292 6.8
- VEDO 300 mg 69 130 53.1 30 130 23.1
PBO 20 76 26.3 5 76 6.6
VEDO 300 mg 42 79 53.2 22 79 27.8
Motoya 2019 10
PBO 15 41 36.6 6 41 14.6
VEDO 300 mg 213 304 70.1 84 304 27.6
VARSITY 14
ADA 160/80 mg 151 305 49.5 72 305 23.6
a UST 6 mg/kg 104 156 66.7 29 156 18.6
PBO 56 158 35.4 15 158 9.5

ADA: adalimumab, GOL: golimumab, IFX: infliximab, kg: kilogram, mg: milligram, PBO: placebo, UST: ustekinumab, VEDO:
vedolizumab, Wk: week
*Pooled doses used in primary NMA. Unpooled doses used in sensitivity analysis.

©Institute for Clinical and Economic Review, 2020 Page 195
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Table F4. Inputs Used in NMA of Response and Remission in the Induction Phase, Biologic-
Experienced

. n | N | % | n |l N [ %
ADA 160/80
ULTRA 2 3 - 36 98 36.7 9 98 9.2
PBO 29 101 28.7 7 101 6.9
VEDO 300 mg 32 82 39 8 82 9.8
GEMINI 1 6 PBO 13 63 20.6 2 63 3.2
8
10 4

VEDO300mg 23 85 27.1 85 9.4
Motoya 2019 PBO 12 41 293 41 9.8

VEDO300mg 44 79 55.7 18 79 2238
VARSITY 14 ngA LA 26 81 32.1 10 81 123

OCTAVE TOF 10 mg 237 465 51.0 53 465 11.4

poves [N R —————

m g UST 6 mg/kg 95 166 57.2 21 166 12.7

PBO 44 161 27.3 2 161 1.2
ADA: adalimumab, kg: kilogram, mg: milligram, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO:
vedolizumab, Wk: week
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Table F5. Inputs Used in NMA of Endoscopic Improvement in the Induction Phase, Biologic-Naive
and Biologic-Experienced

Trial Biologic-Naive Biologic-Experienced
= 0 | N | % | n [ N | %
g 243 60

IFX pooled 147
ACTL PBO 41 121 34
IFX pooled 147 241 61
ACT 2 8
PBO 38 123 31
IFX pooled 24 41 59 Not studied in biologic-
Jiang 2015 8 PBO 10 41 24 experienced population
Kobayashi [ IFX pooled 48 104 46
2016 PBO 29 104 28
ULTRA 1 g ADA 160 mg 61 130 47
PBO 54 130 42
ADA 160 mg 74 150 49 28 98 28.6
ULTRA 2 8
PBO 51 145 35 27 101 26.7
Susuki 2014 | @ ADA 160 mg 40 90 44 Not studied in biologic-
PBO 29 96 30 experienced population
GEMINI 1. . VEDO 300 mg 64 130 49 25 82 30.5
PBO 19 76 25 13 63 20.6
:;Zi':ll-:-';c c GOL pooled 256 592 43 Not studied in biologic-
Il Pooled) PBO 82 292 28 experienced population
a0 VEDO 300 mg 38 79 48 22 85 25.8
PBO 13 41 32 12 41 29.2
g UST 6 mg/kg 52 156 33 35 166 21.1
PBO 33 158 21 11 161 6.8
SZ‘T:\IE g TOF 10 mg Data not included in biologic- 112 488 22.9
PBO naive population 8 130 6.2

(Pooled)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, kg: kilogram, mg: milligram, PBO: placebo, TOF: tofacitinib,
UST: ustekinumab, VEDO: vedolizumab, Wk: week

Inputs Used in Network Meta-Analyses of Maintenance Outcomes

In the section that follows, we describe the inputs used in our NMAs of response and remission in
the maintenance phase. Throughout our review, we describe results for the key outcomes in the
biologic-naive and biologic-experienced populations as reported in the published trials (i.e.,
measures designated as primary and key secondary outcomes for the overall population). As
discussed earlier, we adjusted the rates from the treat-through trials to more closely resemble
results from re-randomized trials to enable comparisons in our NMA. Additionally, for some re-

©Institute for Clinical and Economic Review, 2020 Page 197
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




randomized trials, we preferred manufacturer-submitted inputs or other published secondary
outcomes over published and key secondary outcomes as they provided us with more comparable
outcomes for our NMA (e.g., response at end of maintenance vs. response through the end of
maintenance). The data inputs used in our response and remission maintenance NMA are provided
in Table F6.

Adjusted Rates from Treat-Through Trials

As noted earlier, we adjusted the rates from the treat-through trials to more closely resemble
results from re-randomized trials to enable comparisons in our NMA. Specifically, we adjusted rates
from treat-through trials to reflect maintenance outcomes among induction responders.
Responders to induction treatment (week six to 14) in the treat-through trials were assumed to
enter the maintenance phase. The assumed denominator for the treat-through trials was the
number of responders at the end of the induction phase. The numerator for clinical response was
the number of sustained responders (i.e., having response at both beginning of induction and end
of maintenance). The numerator for remission was the number of patients with remission at the
end of maintenance among induction responders. To assist in these calculations, we have received
adjusted rates from treat-through trials primarily from manufacturer data submissions. Trial
specific adjustments included:

e VARSITY: Rate of response at week 52 among week-six responders (based on partial Mayo
Score) submitted by manufacturer

e ULTRA 2: Rate of response at maintenance week 52 among week-eight responders reported
in trial; rate of remission at week 52 among week-eight responders reported in conference
abstract®®

e ACT 1: Rate of response and remission at week 54 among eight-week responders submitted
by manufacturer

Of note, in Suzuki 2014, the rate of response and remission among induction responders was
available for the treatment (adalimumab) arm only; consequently, the lack of comparator arm data
did not allow for inclusion in the maintenance NMA.

Alternative Endpoints Used for Re-Randomized Trials

For some re-randomized trials, we preferred manufacturer-submitted inputs or other published
secondary outcomes over key outcomes as they provided us with more comparable outcomes for
our NMA. Specifically, while many trials measured the rates of response at the end of
maintenance, some trials used stricter criteria and measured the rates of response through the end
of maintenance (PURSUIT-M, PURSUIT-J, and UNIFI). In addition, while most trials re-randomized
patients who initially responded to six to ten-week induction treatment with the active agent, one
trial also re-randomized patients who responded to placebo (OCTAVE SUSTAIN), and another trial
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re-randomized patients who did not respond to placebo but subsequently responded to the active
agent after another eight weeks (UNIFI). Given the variation, we used manufacturer-submitted
inputs or other published secondary outcomes if they provided us with more comparable
outcomes, where feasible. Below, we provide details for each trial.

PURSUIT-M

PURSUIT-M and PURSUIT-J measured the rates of maintaining response through the end of
maintenance rather than measuring response at the end of maintenance. For PURSUIT-M, we
included the rates of remission at the end of maintenance (i.e., at week 54) in our NMA. However,
for PURSUIT-J, only the rate of remission at both weeks 30 and 54 was reported; therefore, we did
not include PURSUIT-J in our analysis.

OCTAVE SUSTAIN

OCTAVE SUSTAIN re-randomized both tofacitinib- and placebo-induction responders in the
maintenance phase. However, all other re-randomized trials included in our review re-randomized
responders to the active agent only. Therefore, we included results from the modified full analysis
set (mFAS) that only included tofacitinib induction responders in NMA. We obtained the rates of
remission at week 52 in the mFAS from a conference abstract that reported the rates of remission
among baseline remitters and baseline responders in the mFAS;’? in order to obtain the rates
among all responders (both remitters and responders without remission), we added the reported
rates. The rates of response were not available from the mFAS.

UNFI

UNIFI measured the rate of response through the end of maintenance rather than measuring
response at the end of maintenance. We received the rates of response at week 52 from
manufacturer submissions. In addition, UNIFI re-randomized patients that did not respond to
induction therapy with placebo but then responded to induction therapy with ustekinumab. Since
no other trial re-randomized patients following a similar path, we used rates from analyses
submitted by the manufacturer that excluded these patients.

VISIBLE 1

For VISIBLE 1, the rates of response at week 52 were submitted by the manufacturer.
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Table F6. Inputs Used in the NMA of Response and Remission in Maintenance Phase*

Maintenance Outcomes Among Induction Responders
Biologic-Naive Biologic-Experienced
Trial
| Respomse | Remission | Response | Remission |
nIN[% [n[N[%[n[N]% [n]|N] % |

Treat-Through Trials

VEDO 300 mg q8w
VARSITY? 52 NR NR
ADA 40 mg

ADA 40 mg 44 89 49.4 34 89 382 15 36 41.7 10 36 27.8
ULTRA 22 52
PBO 24 56 429 15 56 26.8 6 29 20.7 2 29 6.9
IFX 5 mg/kg
IFX 10 mg/ki
54 e/ke N/A
IFX pooled

PBO
Re-Randomized Trials

GOL 100 mg 51 151 3338
PURSUIT-M* 7] NR N/A
PBO 34 154 221
TOF 5 mg 16 76 21.1
OCTAVE TOF 10 mg 28 78 35.9
52 N/A NR
SUSTAIN® TOF pooled 44 154 28.6
PBO 9 80 11.3

52

UST 90 mg q8w
PBO

VEDO 300 mg g4w 41 73 56.2 35 73 47.9 17 40 425 14 40 35
VEDO 300 mg q8w 47 72 653 33 72 458 20 43 465 16 43 37.2

52
VEDO pooled 88 145 60.7 68 145 469 37 83 446 30 83 36.1
PBO 21 79 26.6 15 79 19.0 6 38 158 2 38 53
VEDO 300 mgqg8w 16 24 66.7 13 24 542 11 17 64.7 10 17 58.8
Motoya 2019 [¢)
PBO 10 28 357 10 28 357 5 14 357 3 14 21.4

VISIBLE 17 52 VEDO 300 mg q8w 17 32 53.1 6 22 27.3
PBO 7 37 189 1 19 53

ADA: adalimumab, GOL: golimumab, IFX: infliximab, kg: kilogram, mg: milligram, NR: not reported, N/A: not applicable, PBO:
placebo, g8w: every 4 weeks, q8w: every 8 weeks, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

*Pooled doses used in primary NMA. Unpooled doses used in sensitivity analysis.

1 VARSITY: Rate of response at week 52 among week-six responders (based on partial Mayo Score) submitted by manufacturer.
2 ULTRA 2: Rate of response at week 52 among week-eight responders reported in trial; rate of remission at week 52 among
week-eight responders reported in conference abstract.

3 ACT 1: Rate of response and remission at week 54 among eight-week responders submitted by manufacturer.

4 PURSUIT-M: Rate of remission at week 54 was reported in trial.

5 OCTAVE SUSTAIN: Rate of remission in the modified full analysis set obtained from conference abstract.

6 UNIFI: Rate of response and remission at maintenance week 52 among patients who initially responded to ustekinumab were
submitted by the manufacturer.

7 VISIBLE 1: Rate of response submitted by the manufacturer.
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Supplemental Network Meta-Analysis Results

Network Diagrams for the Primary Network Meta-Analyses

Induction Phase, Biologic Naive: Clinical Response and Remission
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Induction Phase, Biologic Experienced: Clinical Response and Remission
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Sensitivity Analysis

Unpooled Doses

We conducted a sensitivity analysis using unpooled doses. Results were generally consistent with
the primary analysis results, with the exception of results for tofacitinib in the maintenance
biologic-experienced NMA. Results from the sensitivity analysis showed tofacitinib 10 mg had
statistically higher rates of response and remission compared to placebo, but tofacitinib 5 mg did
not differ from placebo. When the doses were pooled in the primary analysis, tofacitinib had
statistically higher rates of response and remission compared to placebo.

Table F7. Sensitivity Analysis Using Unpooled Doses, Induction Biologic-Naive: Risk Ratios versus

Placebo
| rewome | R | Rerien
Remission

PBO -

VEDO 300 1.76 (1.54, 2)
1.9 (1.68, 2.17)
IFX 10 1.83(1.58, 2.11)
ADA 160/80 1.38 (1.21, 1.57)
GOL 200/100 1.58 (1.36, 1.84)

Treatment

1.37 (1.23, 1.54) 2.8 (2.18, 3.56)
1.39(1.22, 1.6) 3.3 (2.64, 4.13)
1.38 (1.22, 1.58) 3.04 (2.32, 3.94)
1.24 (1.14, 1.36) 1.75(1.38, 2.21)
1.32 (1.2, 1.48) 2.28 (1.7, 2.99)
GOL 400/200 1.68 (1.46, 1.94) 1.35(1.22, 1.52) 2.55(1.97, 3.31)
UST 6 1.71 (1.43, 2.04) 1.36 (1.21, 1.54) 2.65 (1.88, 3.68)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, UST: ustekinumab, VEDO: vedolizumab

Table F8. Sensitivity Analysis Using Unpooled Doses, Maintenance Biologic-Naive: Risk Ratios
versus Placebo

Response without
m
Remission

VEDO 300 q8w

VEDO 300 q4w

IFX 10

ADA 40

GOL 100

UST 90 q8w
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, q4w: every 4 weeks, q8w: every 8 weeks, UST:

1.79 (1.53, 2.08)
1.76 (1.4, 2.15)

1.41 (0.97, 1.86)
1.52 (1.07, 1.97)
1.45 (1.17, 1.75)
1.36 (1.06, 1.68)
1.56 (1.2, 1.91)

ustekinumab, VEDO: vedolizumab

1.08 (0.9, 1.24)
1.08 (0.85, 1.23)
1.1(0.96, 1.21)
1.1(0.94, 1.22)
1.11 (1.02, 1.22)
1.1(1.01, 1.21)
1.11(0.97, 1.23)
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Table F9. Sensitivity Analysis Using Unpooled Doses, Maintenance Biologic-Experienced: Risk
Ratios versus Placebo

Response without
Treatment Response ..
Remission
PBO --- --- ---

VEDO 300 q8w 2.5(1.91, 3.17) 1.49 (1.21, 1.78) 3.64 (2.45, 5.21)

VEDO 300 q4w 2.39(1.58, 3.25) 1.47 (1.18, 1.76) 3.37(1.85, 5.45)
ADA 40 2.2 (1.48, 2.98) 1.47 (1.21, 1.74) 3(1.69, 4.75)
TOF 10 2.27 (1.57, 3.05) 1.47 (1.24, 1.76) 3.14 (1.84, 4.86)
1.57 (0.9, 2.38) 1.32(0.93, 1.61) 1.84 (0.88, 3.35)
UST 90 q8w 1.95 (1.44, 2.59) 1.44 (1.23, 1.69) 2.51 (1.65, 3.76)

ADA: adalimumab, GOL: golimumab, PBO: placebo, q4w: every 4 weeks, q8w: every 8 weeks, TOF: tofacitinib, UST:

Motoya 2019). We noted that risk ratios were higher when removing the Asian studies, with the
largest effect on risk ratios observed for vedolizumab in the induction biologic-experienced NMA.

Table F10. Sensitivity Analysis with Multinational Trials Only, Induction Biologic-Naive: Risk Ratios
versus Placebo

Response without
Remission

PBO - - -

VEDO 300 1.84 (1.59, 2.13) 1.4 (1.24, 1.6) 3.1(2.33, 4.03)

IFX Pooled 1.96 (1.72, 2.25) 1.41 (1.23, 1.63) 3.54 (2.77, 4.52)

ADA 160/80 1.44 (1.24, 1.66) 1.27 (1.16, 1.42) 1.91 (1.47, 2.46)

GOL Pooled 1.64 (1.42, 1.88) 1.35(1.23, 1.52) 2.43(1.89, 3.12)

1.73 (1.43, 2.07) 1.37 (1.23, 1.57) 2.71(1.89, 3.79)

ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, UST: ustekinumab, VEDO: vedolizumab

Table F11. Sensitivity Analysis with Multinational Trials Only, Maintenance Biologic-Naive: Risk
Ratios versus Placebo

Response without
Remission

VEDO Pooled 1.75 (1.51, 2.04) 1.03 (0.85, 1.19) 2.16 (1.75, 2.66)
IFX Pooled 1.45 (1.07, 1.86) 1.08 (0.95, 1.18) 1.65 (1.09, 2.33)
ADA 40 1.44 (1.16, 1.72) 1.09 (1, 1.19) 1.63 (1.22, 2.09)
(c{o] 1.34 (1.04, 1.64) 1.08 (1, 1.17) 1.47 (1.06, 1.96)
UST 90 q8w 1.56 (1.15, 1.94) 1.08 (0.9, 1.2) 1.82(1.21, 2.51)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, UST: ustekinumab, VEDO: vedolizumab

©Institute for Clinical and Economic Review, 2020 Page 204
Draft Evidence Report — Targeted Immune Modulators for UC Return to Table of Contents




Table F12. Sensitivity Analysis with Multinational Trials Only, Induction Biologic-Experienced: Risk
Ratios versus Placebo

Response without
Treatment Response ..
Remission
PBO - - =

VEDO Pooled 1.99 (1.46, 2.56) 1.72 (1.37, 2.09) 3.66 (2.01, 6.21)
ADA 160/80 1.2 (0.84, 1.64) 1.17 (0.85, 1.51) 1.38 (0.74, 2.46)
TOF 10 2.16 (1.74, 2.67) 1.81(1.53, 2.17) 4.35 (2.79, 6.63)
UST 6 2.17 (1.75, 2.68) 1.82 (1.54, 2.16) 4.42 (2.83, 6.73)

ADA: adalimumab, PBO: placebo, TOF: tofacitinib, UST: ustekinumab, VEDO: vedolizumab

Table F13. Sensitivity Analysis with Multinational Trials Only, Maintenance Biologic-Experienced:
Risk Ratios versus Placebo

Response without
Remission

VEDO Pooled 2.56 (1.92, 3.29) 1.55 (1.26, 1.87) 3.86 (2.48, 5.76)

ADA 40 2.25(1.49, 3.09) 1.52 (1.26, 1.82) 3.16 (1.73, 5.12)

TOF 1.97 (1.34, 2.73) 1.48 (1.22,1.76) 2.6 (1.49, 4.24)

UST 90 q8w 2(1.4,2.73) 1.49 (1.24, 1.77) 2.66 (1.59, 4.18)
ADA: adalimumab, GOL: golimumab, IFX: infliximab, PBO: placebo, g8w: every 8 weeks, UST: ustekinumab, VEDO:
vedolizumab

Network Meta-Analysis Code
Model (Fixed Effects)

model <- function() { # *** PROGRAM STARTS
for(i in 1:ns){ # LOOP THROUGH STUDIES
muli] ~ dnorm(0,.0001) # vague priors for all trial baselines
for (k in 1:na[i]) { # LOOP THROUGH ARMS
pli,k,1] <- 1 # Pr(eff>0)
for (j in 1:(nc[i]-1)) { # LOOP THROUGH CATEGORIES
r[i,k,j] ~ dbin(q[i,k,j],n[i,k,j]) # binomial likelihood
ali,k,j]1 <- 1-(pli,k,C[i,(j+1)1)/pli,k,Cli,j1]) # conditional probabilities
z.index(i,j,k]<- C[i,(j+1)]-1 # index the cut point
thetali,k,j] <- muli] + d[t[i,k]] - d[t[i,1]] + z[z.index][i,j,k]] # linear predictor
rhat([i,k,j] <- q[i,k,j] * n[i,k,j] # predicted number events
dv[i,k,j] <- 2 * (r[i,k,j1*(log(rli,k,j1)-log(rhat[i,k,j])) #Deviance contribution of each category
+(n[i,k,jl-rli,k,jl)*(log(n[i,k,jl-r[i,k,j]) - log(n[i,k,jl-rhat[i,k,j])))
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devli,k] <- sum(dv[i,k,1:(nc[i]-1)]) # deviance contribution of each arm
for (j in 2:nc[i]) { # LOOP THROUGH CATEGORIES
pli,k,C[i,jl] <- 1 - phi.adj[i,k,j] # link function
# adjust link function phi(x) for extreme values that can give numerical errors
# when x< -5, phi(x)=0, when x> 5, phi(x)=1
phi.adj[i,k,j] <- step(5+thetali,k,(j-1)])*(step(thetali,k,(j-1)]-5)
+ step(5-thetali,k,(j-1)]) *phi(thetal[i,k,(j-1)]) )
}
}
resdevli] <- sum(devli,(1:nali])]) # summed residual deviance contribution for this trial
}
z[1] <- O # set zRs=0
for (jin 2:(Cmax-1)) { # Set priors for z, for any number of categories
z.aux[j] ~ dunif(0,5) # priors
z[j] <- z[j-1] + z.aux[j] # ensures z[j]~Uniform(z[j-1], z[j-1]+5)
1
totresdev <- sum(resdev[]) #Total Residual Deviance
d[1] <- O # treatment effect is zero for reference treatment

for (kin 2:nt){
d[k] ~ dnorm(0,.0001) # vague priors for treatment effects

}

A ~ dnorm(meanA,precA)
for (kin 1:nt) {
# calculate prob of achieving >=2, >=3 on treat k
for (jin 1: (Cmax-1)) { T[j,k] <- 1 - phi(A + d[k] + z[j])}
# calculate prob of achieving ranges [1,2), [2,3), [3, Inf) on treat k
T1[k] <- phi(A + d[k] + z[1])
T2[k] <- phi(A + d[k] + z[2])-T1[k]
T3[k] <- 1-phi(A + d[k] + z[2])

# calculate risk ratios
for (kin 1:(nt-1)){
for (kk in (k+1):nt){
rr1[kk,k] <- T[1,kk]/T[1,k]
rr2[kk,k] <- T[2,kk]/T[2,k]
rrl_exc[kk,k] <- T2[kk]/T2[k]
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rri[k,kk] <- T[1,k]/T[1,kK]
rr2[k,kk] <- T[2,k]/T[2,kk]
rrl_exclk,kk] <- T2[k]/T2[Kk]

Analysis

NMAresults <- jags(data=datalist, inits=jaginits, parameters.to.save = ¢("d", "z", "T1", "T2", "T3",
"rrl", "rr2", "rrl_exc"), model.file = model, n.iter = 100000)
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