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About ICER

The Institute for Clinical and Economic Review (ICER) is an independegnbfibresearch
organization that evaluates medical evidence and convenes public deliberative bodies to help
stakeholders interpret and apply evidemto improve patient outcomes and control costs.

The funding for this report comes from government grants and-piafit foundations, with the
largest single funder being the Laura and John Arnold Foundatlorfunding for this work comes
from health nsurers, pharmacy benefit managers, or life science compahBsR receives
approximately 15% of its overall revenfrem these healtindustryorganizations to run a separate
Policy Forum program, with funding approximately equally split between institBMs and life
science companied-or a complete list of funders and for more information on ICER's support,
please visihttp://www.icer -review.org/about/support/

Through dlits work, ICER seetshelp 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 availabletp://www.icer-review.org

About New England CEPAC

The New England Comparative Effectiveness Public Advisory Council (New England € E&C)
program of ICERprovides a public venue in which the evidence on the effectiveness and value of
health cae services can be discussed with the input of all stakeholders. New England CEPAC seeks
to help patients, clinicians, insurers, and policymakers interpret and use evidence to improve the
guality and value of health care.

The New England CEPAC is aepeddent committee of medical evidence experts from across

New England, with a mix of practicing clinicians, methodologists, and leaders in patient engagement
and advocacy. All Council members meet strict conflict of interest guidelines and are convened t
discuss the evidence summarized in ICER reports and vote on the comparative clinical effectiveness
and value of medical interventions. More information about New England CEPAC is available at
http://icer -review.org/programs/newenglandcepac/

The findings contained within this repate current as of the date of publicationReaders shoulcj
be awarethat new evidence may emerge following the publication of this report that could
potentially influence the results.

This is an ICER updat€he first report was issued December2016 and can be found here:
https://icer-review.org/material/psefinal-report/.

©Institute for Clinical and Economic Review, 2018 Pageii
Evidence Reporfargeted Immunomodulators for Plaque Psorig€endition Update


http://www.icer-review.org/about/support/
http://www.icer-review.org/
http://icer-review.org/programs/new-england-cepac/
https://icer-review.org/material/pso-final-report/

Ly GKS RS@St2LISyd 2F GKAAa NBLRNII L/9wQa NBaS!H
manufacturers and other stakeholders. The following clinicarxprovided input that helped

guide the ICER team as we shaped our scope and report. None of these individuals is 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 théCER team and its affiliated researchers.

For a complete list of stakeholders from whom we requested input, please visit:
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List ofAcronymsUsed in this Report

AAD American Academy of Dermatology

AE Adverse Event
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BSA BodySurface Area
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IPC International Psoriasis Council
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MACE Major adverse cardiac events

MCS Mental componentscore

NHE National Health Expenditures

NICE National Institute for Health and Care Excellence
NMA Network metaanalysis

NMSC Non-melanoma skin cancer

PASI Psoriasis Area and Severity Index

PCS Physical component score
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PGA Physician Global Assessment

PRISMA Preferred Reporting Items for Systematic Reviews and Metalyses
PSD Psoriasis Symptom Diary

PSI Psoriasis Symptom Inventory

PSOLAR Psoriasis Longitudinal Assessment and Registry
PUVA Psoralerand ultraviolet A radiation

QALY Quality-adjusted life year

RCT Randomized controlled trial

Resdev Residual deviance

SF36 Short Form36

sPGA Static Physician Global Assessment

B Tuberculosis

TNF Tumor necrosis factor

USPSTF U.S. Preventatie Services Task Force

uvB Ultraviolet B

VAS Visual Analog Scale

WAC Wholesale acquisition cost

WLQ Work Limitations Questionnaire

WPAI Work Productivity and Activity Impairment

WPI Worker Productivity Inde
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ConditionUpdate

In November2016, the New England CEPAC Pdelgherated on theavailable evidence to help
patients, clinicians, and payers address important questions related to the use of targeted
immunomodulators for the treatment of patients with moderate-severe chronic plage
psoriasis.Following the evidence presentation and public comnsetite New England CEPAC
Panel voted on key questions concerning the comparative clinical effectiveness and comparative
value ofthese agents The final 2016 reportan be foundhere.

Since the publication of the report in 20%6ree new drugs have been approveand two drugs
areunder FDA review for this conditio®®ne of the drugs, brodalumab, was included in our 2016
review,but was not yet approvedt the time of our deliberationsThe other twodrugs,
guselkumatand tildrakizumabwere not includedand specifically target 123, which representa
novel method of action Certolizumab pegqgla TNF inhibitor already approved by the FOér

other autoimmune conditiongs likely to be approved foplaque psoriasibefore mid2018, when
this report update will be discussed at a public meetiR@ally, risankizumalanother novel H23
inhibitor, wasfiled with the FDAor reviewon April 25, 2018

L/ 9w KIFa GKSNBFT2NBE RSOARSR (2 NBGAAAG AGa HAawmc
moderateto-severe plaque psoriasis$n our Condition Update, we hayperformed a full systematic
reviewof newtreatments that have emergedince our 2016 repornd havedentified new

evidence thahasemerged on the treatmentalreadyincluded in the original assessmerih the

following report, weintegrate these new data in updated syntheses of the clinical evidasaeell

as our evaluations of longrm costeffectiveness and budgetary impact.
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Executive Summary

Background

Psoriasiss acelkmediated autoimmune and inflammatory diseds¢hat affects about 3% of the
population®* Plaquepsoriasis accounts for about 80% to 90% of all patietis psoriasi&’ and

manifests itselthroughitchy pruritic, red, saly, raised lesions on the siiup to 30% of patients

with plaque psoriasis have at least some manifestations of psoridtidts,>!! Psoriasiss

associated with systemic diseaseludingother autoimmune diseases (e.g., inflammatory bowel
disease), metabolic syndrome, and cardiovascular dis€a$€soriasis itself is not a direct cause of
increased mortality, but patids with severe psoriasis have increased mortality due to

cardiovascular disease amfection.!% Patients are considerei havead Y 2 iat&to-4 S S NB ¢
degree of plaque psoriasis when the disease affects moreghian 02 mMm: 2F | LI GA Sy
surface; produces lesions that have significant redness, thickness, and scale; or significantly reduces
quality of life (e.g., lesions on the fagalm, or soles of the feetf:16

Roughly 70% to 80% of patients with plaque psoriasis have mild disease that can be adequately
managed with topical therapy, includimgnollients; topical corticosteroidsitamin D analogscoal

tar products topical retinoids andopical calcineurin intiitors, or managed with pototherapy,

most commonly narrowand ultraviolet B light (NBUVB). Before the adventoféted
immunomodulatorghat are assessed in the current report, patients whose psoriasis was
inadequately controlled with topical therapy or phototherapy had little choice but to take older
systemic therapiessuch as cyclosporine and methotrexatieat can have importansideeffects.

Targeted immunomodulators include monoclonal antibodles reducethe level of pathogenic
cytokines, specificalyumor necrosis factel  6-¢ &nd interleukin (Il-23 and 117, and the

PDEA4 inhibitor apremilaghat reducesthe production of proinflammatory mediatofsMonoclonal
antibodies are part of the class of drugs called biological products or bialaggps, complex
molecules that are produced through biotechnology in a living system, such as a microor¢fanism.
The FDAow refers tothe first approved specific biologic produsthe dReference Produgt

(often simply called Bialogi€ ,&and subsequentersionsare known agBiosimilaa .€ When
approving a biosimilathe FDA determines that there are gbnically meaningful differences from
an existing FDApproved reference product.

The 2016 report estimated the monthtirug acquisition costir targeted immunomodulators to be
about 34 times more expensive thdor nontargeted therapy'® Consilering the effectiveness of these
therapies, the cost of treatment was found to be within generally accepted thresholds ef cost
effectiveness. This update attempts to capture not only evidence on the comparative clinical
effectiveness and value of new traaents for plaque psoriasis, but also an updated view on existing
agents given the availability of new evidence and changes in price.
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Table ESfirovides an overview of the targeted immunomodulataggproved or under review by

the FDAfor the treatment ofmoderateto-severe plaque psoriasis. Of note, several of these agents

I NBE ySégte | @FAtlofS 2N dagged MaluGirgthredldgyehts BanewA y OS L
class of selective 423 inhibitors (guselkumab, tildrakizumab, and risankizumab),edisan 1L17

inhibitor (brodalumab), a TNIRnhibitor (certolizumab pegoland a second biosimilar féhe TN
inhibitor infliximab.
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TableES1 Targeted Immunomodulators for Moderatéo-Severe Plaque Psoriasis

Mechanism of
Action

IL 12/23

IL 23

IL 17

PDE4

I This table includes all reference biologics approved or submitted for approval, but only the 2 biosimilars that are
currently available Four other biosimilars have been FDA approved, but are not available mainly due to patent

litigation 1920

Name and Company

adalimumab / Humira®
AbbVie

etanercept /
Enbrel®
Amgen

infliximab (dyyb/abda)
Remicade®| Janssen
Inflectra® | Pfizer
Renflexis® | Merck

certolizumab pegol /
Cimzia®
ucB

ustekinumab / Stelara®
Janssen

guselkumab/ Tremfya®
Janssen

tildrakizumabasmn /
llumya®
Sun/Merck

risankizumab
AbbVie

secukinumab / Cosentyx(
Novartis

ixekizumab /
Taltz®
Eli Lilly

brodalumab /
Silig®
Valeant
Apremilast /
Otezla®
Celgene

FDA approval for
plaque psoriasis
Reference Biologic
2008/01/18

Reference Biologic
2004/04/30

Reference Biologic:
2006/09/26
Biosimilars:
2016/04/05
2017/04/24
Reference Biologic,
2018/05/28

Reference Biologic
2009/09/25

Reference Biologic
2017/07/13

Reference Biologic
2018/03/20

Submitted to the FDA

on April 25, 2018
Reference Biologic
2015/01/21

Reference Biologic,
2016/03/22

Reference Biologic
2017/02/15

Reference Biologic
2014/09/23

\VET G
availability
Available

Available

Available

Available

Available

Available

Not yet launched

n/a

Available

Available

Available

Available

FDA recommended dosing

80mg subcutaneously, then
40mg every other week
starting 1 week after initial
dose

50mg subcutaneously
2x/week for 3 months, then
50mg 1x/week

5mg/kg intravenously at
weeks 0, 2, and 6, then every
8 weeks

400mgsubcutaneouslyt
weeks 0, 2, and 4, then eithel
400mg every 2 weeks éor
some patientgwith body

6 SAIKG 2B8mgeveny]
2 weeks

tGASyda Xmnn
45mg/90mg subcutaneously
at week 0 and 4, then every
12 weeks

100mg subcutaneously at
weeks 0, week 4, then every
weeks

100 mg subcutaneously at
weeks 0, 4, then every twelve
weeks

n/a

300mg subcutaneously at
weeks 0, 1, 2, 3, 4 then 300
every 4 weeks

160mg subcutaneously at
week 0, then 80mg at weeks
2,4,6, 8, 10, 12, then 80mg
every 4 weeks

210mg subcutaneousit
weeks 0, 1 and,2hen every 2
weeks*

5-day titration then 30mg
orally 2x/day thereafter
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For many of these agents, there is some suggestiovaningeffectiveness with continued use,
known as biologic fatigu€. To maintain effectiveness, physicians often prescribesising doses
of targeted immunomodulators On the other handphysician®ccasionallyrescribelowerdoses
of effective medications to decese outof-pocket costs.Patients switching from one biologic to
anothermayhave a slightly lower response rategweverthis has not been consistently
demonstrated??

General safety concerns ftargeted immunomodulatorgrimarily relate to effects on the immune
system: a range of infecins, including tuberculosis, and malignancies, especially skin cancer and
lymphoma. Specificallghe use of TNFagents isassociated with increased risk of reactivatioratént
tuberculosis infectionBut overall registrystudies have shown that increased risks of major adverse
cardiovascular events and cancer, especially lymphoma and nonmelanoma skin cancer, initially
attributed to biologic therapy, are most likely related to psoriasis itself and nits toeatment. 2324
Evidence on the safety of specific agents wilfur¢gher discussed irgection 3.

Insights Gained from Discussions with Patients and Patient Groups

In the development of the 2016 repottICER had conversations with and received input from
patient advocacy groups, including the National Psoriasis Foundation, and individual p&tients.
These conversations highlightecethortcomings associated with clinical trial outcomes in many
studies of psoriasis therapies, frustrations with the healthcare system, as well as the social,
emotional, and financial impact of psoriasis. These issues were presented by the Nationald?sorias
Foundation at the ICER public meeting on the t@pfeA discussion of the shortcomings associated
with clinical trial outcomes in many studies of psoriasis therapies can be found in sketiofthis
report.

Stigma of disease

People seeing the lesisrconclude the patient has a communicable disease.

Choices of clothing to hide psoriatic skin

Avoidance of certain activities such as swimming

Children with psoriasis, especially teens, face teasing, bullying, and shunning
Psoriasis is associated with glmer likelihood of having depression, anxiety, and suicidal
ideation

= =4 =4 -4 =2

Difficulties with treatments

1 Time from onset to diagnosis average® years, even more in patients with darker skin
tones.
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9 Difficult to apply topical therapies, especially when the affected area involves the scalp or
covers a large part of the body.

1 Multiple injections on a daily or weekly basespecially initially, during induction

1 Time and travel for administration of ptotherapy and infused therapy

Problems with coverage

f WSIdZANBYSyiGa F2N) daadSL) GKSNI LRE F2NOAYy3I LI GA
medications

1 Lack of clarity in the exception proceasd timing for physicians and patients

T tFGASY(al KNIPS2 @SNEd ag A (1 K @ &-iliédl Indedicatiénblaftede ¢ 2 T LINJ
switching insurance

1 High out of pocket costs hindering treatment or leading to undertreatment

Potential CostSaving Measures iRsoriasis

As described in its Final Value Assessment Framework forZY, ICER will now include in its
reports information on wasteful or loweralue services in the same clinical area that could be
reduced or eliminated to create headroom in health care budfmtsighervalue innovative
services (for more information, ségtps://icer-review.org/finatvaf-20172019/). ICER encourages
all stakeholders to suggest services (including treatmentsaachanisms of care) currently used
for people with psoriasis that could be reduced, eliminated, or made more efficient.

We did not receive any suggestions in response to the final scoping docomeraft report We
also did not identify recommendati@rspecific to the management of plaque psoridsisn
professional organizations such as Choosing WiehyAmerican Academy of Dermatolqgy the
US Preventive Services Task Force

Comparative Clinical Effectiveness

To inform our analysis of the comadive clinical effectiveness of targeted immunomodulators for
moderateto-severe psoriasis, we abstracted evidence from available clinical studiesncluded

all articlesfrom our2016review. We updated our previous seardirategy toincludenew
evidenceon the drugs in the 2016 reviewnd adad in thefour new druggguselkumab,
tildrakizumab, risankizumab and certolizumab peg@ur updated literature search identified 1
RCTs. In addition, we included all 36 individual RCTs from the previous, tewieake a total 063
RCTs.

Trials were rated to be of good or fair quality using criteria from U.S. Preventive Services Task Force
(USPSTEj As phase lll trials of risankizumab are only available in grey literature, we did not assign
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a quality rating to these trialsCharacteristics of the trials for the new agent are presentebaible
ES2ASee full report for characteristics of &hase Il trials).

Trial populations included patients with moderate-severe plaque psoriasis despite generally
having used topical tetments, older systemic treatments, phototherapy, or other targeted
immunomodulators Trials required washoudf prior therapiesand participantsiot to use nontrial
treatments Use of other treatments was prohibited in the interest of directly evah@the
comparative effectiveness of targeted immunomodulators to placebo or to one another.

The primary outcome for all RCTs of targeted immunomodulator therapy was assessed at the end of
the induction period (between 10 and 16 weeks after initiation, depieg on agent), after which
treatment crossover was typically alloweBecause of this, we could only confidently compare the
comparative efficacy of targeted immunomodulators at the end of the induction petiotigterm
effectiveness and safety dataewne variably reported by individual drug.

TableER. Certolizumab Pegol, Guselkumabildrakizumab and Risankizumab Phase Ill Trials

ELS Induction PASI, Age Psoriasis Previous PsA,
patie  period (mean) (years) duration biologics %
nts (WEELS) VCES) , %
Certolizumab CIMPASI 1 1,020 16/12 20 46 18 30 18
Pegol?°3° CIMPASI 2

CIMPACT

VOYAGE1 1,829 16 22 44 18 21 19
VOYAGE2

RESURFACE 1 1,862 12 20 46 NR 17 NR
RESUREE"

A L UltIMMA 1** 1,504 16 20 48 NR 42 NR

35 UIIMMA 2**
IMMhance*

*Only available in the grey literatures ofJune2018;4Placebo controlledrials with active comparator®thers are placebo
controlled) SeeTable3.1in main reportfor completelist of all Phasdlltrials

Clinical Benefits
Psoriasis Area and Severity Index (PASI)

The Psoriasis Area and Severity Index (P#&d)reported as the primary measure of clinical benefit

in all trials PASI is a measure of the percent body surface area with psoriatic lesions in each of four
regions (head, trunk, arms, and legs) as well as the degree of erythema, induration, @nof shel
lesions in each arealhe primary endpoint for most trials was the proportion of patients achieving
PASI 7%a 75% reduction in the PASI scoaiethe end of the induction period. However, five new

trials relating to guselkumab (VOYAGE 1 &2)raahkizumab (ULTIMMA 1 & 2, IMMHANCCEg
headto-head trial between ixekizumab and ustekinumab (IX€RAand two heatb-head trials
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between secukinumab and ustekinumab [CLEAR and CLARITY] specified PASI 90 as their primary
endpoint.

All targeted inmunomodulators showed statisticalignificantly higher PASI 75, PASI 90 and PASI
100 response rates in comparison to placebo at the end of inductiomdividual placebo

controlled RCTSs, the incremental proportion of patients achieving PASI 75 dboee@within

trials was 61% to 69% for certolizumab pegol (three trid#sy;78% to 85% for guselkumab (two

trials) 3+3256% to 60% for tildrakizumab (two triaf)and 80% for risankizumabne trial)3® In

direct comparative tals of the new agents, guselkumab was superior to adalimumab; tildrakizumab
and400mgcertolizumabpegolwassuperior to etanercept; and risankizumab was superior to
ustekinumab (sedable ES). However,200mgcertolizumab pegol was not significantifferent

from etanercept(see Table B3

Direct comparative trials of the older agents showed that ustekinumab, secukinumab, ixekizumab
and infliximab were superior to etanercept; secukinumab, ixekizumab, and brodalumab were
superior to ustekinumab (seeport for details).

Given the paucity of heatb-head data comparing treatments, we performed indirect comparisons
of PASI response using Bayesian network rasi@yses (NMAs)Further details on these methods

are available in the full repartOn relatve effectiveness of the PASI measures (measured as relative
risk (RR) of achieving PASI 75 or 90 responses during induttt®m@sult showed thatwo of the

IL-23 agents (risankizumab and guselkumab), all three/ lagents (ixekizumab, brodalumab and
secukinumab), and infliximab all had similar effectiveness on PASI response. Thesdidgerits

differ statistically asthe likelihood of achieving PASI@i5PASI 9@esponse included 1.0ho

difference in the 95% credible intervalsde Table E These agents were statistically significantly
more effective in terms of PASI 75 aRASB0 outcomesthan adalimumab, ustekinumab 45/90 mg,
certolizumab pegol 200/400mg, tildrakizumab, etanercept and apremildstvever, itis important

to note that alldata on risankizumab included in the NMA were obtained from grey literature or
RIGF &adzoYAGGSR a ab OF RSYA Q Adajmurded,yiFekimughOS ¢ o0&
45/90 mg, certolizumab 200mg/400mg, and tildrakizumab did not differ significantlyalanere
significantly better than etanercept and apremilast.
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TableESS. Comparative Trials: PASI Responses
p-value PASI 90

Trial Treatment

New Drugs

VOYAGE 1 Adalimumab

PASI 75 p-value PASI

100

p-value

- Guselkumab 91 73 37

VOYAGE 2 Adalimumab 69 <0.001 47 <0.001 17 <0.001

- Guselkumab 86 70 34

CIMPACT Etanercept 53 27.1 NR

- Certolizumab 200mg 61 NS 31.2 NR NR NR
Certolizumab 400mg 67 0.02 34 NR

IN=SIUHA®ISY Ftanercept 48 <0.001 21 <0.001 5 <0.001

- Tildrakizumab 61 39 12

IRV Ustekinumab Redact 14 N/A 42 <0.001 12 <0.001

- Risankizumab Redact 11 75 36

IR\ Ustekinumab Redact 13 N/A 48 <0.001 24 <0.001

- Risankizumab Redact 15 75 51

New Evidence o®ld Drugs

Etanercept 22 00 0 005 0 NS

I infliximab 76 20 4

CLARITY Ustekinumab 74 <0.0001 48 <0.0001 20 <0.0001
Secukinumab 88 67 38

"Only available in the grey literature aslie2018; NR not reported See Appendix E for other comparative trials
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Table E&. Base @seNMA: leagueTable of PASI 75 &ponse

Risankizumab

(0.916;(,)2.05) Ixekizumab
1.02 1.01
(0.96,1.08) | (0.96,1.07) [hiaasiiad
1.03 1.03 1.02 T
(0.98, 1.09) (0.98, 1.08) (0.96, 1.07)
1.07 1.07 1.06 1.04 S — ‘
(1.02, 1.14) (1.02, 1.13) (0.99, 1.13) (0.99, 1.1)
1.12 1.11 1.1 1.09 1.04 Tty
(1.04, 1.22) (1.05, 1.21) (1.02, 1.2) (1.02, 1.18) (0.97, 1.12)
1.26 1.25 1.24 1.22 1.17 1.12 F—
(1.17, 1.38) (1.16, 1.38) (1.15,1.35) | (1.13,1.34) (1.08, 1.28) (1.03, 1.24)
1.26 1.26 1.24 1.23 1.18 1.13 1.01
(1.18, 1.37) (1.18, 1.36) (1.16,1.35) | (1.15,1.32) (1.11, 1.26) (1.05, 1.22) (0.93, 1.08)
1.3 1.29 1.28 1.26 1.21 1.16 1.03 1.03 ——
(1.18, 1.47) (1.18, 1.46) (1.17, 1.44) | (1.15, 1.41) (1.1, 1.35) (1.05, 1.3) (0.94, 1.15) (0.94, 1.14)
1.42 1.42 1.4 1.38 1.32 1.27 1.13 1.13 11 ._
Tildrakizumab
(1.26, 1.66) (1.26, 1.66) (1.24, 1.64) (1.23, 1.6) (1.17, 1.54) (1.12,1.47) (1,1.31) (1, 1.29) (0.95, 1.27)
1.74 1.74 1.71 1.69 1.62 155 1.38 1.37 1.34 1.22 Etanercept
(1.54, 1.98) (1.55, 1.98) (1.52,1.95) | (1.51,1.92) (1.45, 1.82) (1.4, 1.73) (1.25, 1.54) (1.27, 1.5) (1.2, 1.5) (1.07,1.38)
2.44 2.43 2.4 2.37 2.28 2.18 1.94 1.93 1.88 171 1.4 Apremilast
(1.98, 3.12) (1.97, 3.11) (1.95, 3.03) (1.92, 3) (1.85, 2.87) (1.78, 2.75) (1.61, 2.4) (1.6, 2.38) (1.54, 2.34) (1.39, 2.14) (1.17, 1.72)
16.54 16.53 16.27 16.05 15.43 14.81 13.12 13.08 12.74 11.6 9.51 6.74
(12,23.47) | (11.94,23.32)| (11.76,22.9) | (11.63,22.59)| (11.33,21.42) | (10.97,20.31)| (9.91,17.67) | (9.93, 17.48) (9.5, 17.03) (8.84, 15.5) (7.6,12.09) | (5.3, 8.68)

Legend: Thénterventionsare arranged from most effective (top left) to least effective (bottom rigliiach box represents the estimateslative riskand 95% credible
interval for thecombined direct and indirect comparisons between two drugstimates in bold signify thalhé 95% credible interval does not contain 1

*Input for NMA was exclusively from unpublished grey literature and supplementary data submitted by the manufacturer;
Wdosing by weight;
4200 mg and 400 mg combined

PBO: placebo
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Other Outcoméavieasures

Physician Global Assessment (PGA) or Investigators Global Assessment (IGA) were generally
consistent with the PASI results. All immunomodulators showed statistically significantly higher

t D!' 2NJ LD! 27F WOf SI Nk I f Yanjeidpdt b eadhlialdlKlesd- LI || OSo 2

head trials of the new drugs, guselkumab was superior to adalimyB&# vs. 66% in VOYAGE 1
and 84% vs. 64% in VOYAGE 2; p<0.88%)and risankizumalwas superior to ustekinuma3%
vs. 88% in ULTIMMA 1 and 62% vs. 84% in ULLTIMMAS2Tildrakizumalwasnot significantly
different from etanerceptand no inferential statigtal comparison was conducted between
certolizumab and etanercemn PGA scores.

Dermatology Life Quality Index (DLQBuks were also generally consistent with the PA&Sults

All targeted immunomodulators statistically significantly improved quality of life relative to placebo
In the headto-head comparisonsef the new drugsguselkumab achieved a statistically gigantly
greater improvement on DLQI than adalimumab at 16 weeks in two {N&an DLQI changél.2
to 11.3 for guselkumab v8.3 to 9.7 for adalimumaglp<0.00}.3%32 In addition, gynificantly greater
proportion of patients orguselkumatachieved DLQI O/@indicating very little to no effect on
quality of life)compared toadalimumab $2% t056% vs. 39%; p<0.00%F? Similarly significantly
greater proportion of patients on risankizumab achieved DLQI 0/1 following induction period
compared topatients on ustekinumab (66% vs. 43% in two trials; p<0.8%)However there was
no significant difference between tildrakizumab and etanercept at 12 w&ekge found no head
to-head DLQI evidence reported between certolizumab pegol and etanercept in CIMPAC

Measures of symptom control were inconsistently reported across trials and used a variety of
instruments For example, based dhe Psoriasis Symptom and Sign Dig@$SDpuselkumab
demonstrated a statistically significant benefit over placébB but this measure was not
presentedin anyof the other newtrialswe identified.
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Harms

Most adverse events were mild or moderate during the induction phase of treat(ssd Table.3

in main repor}. Severe or serious adverse events, death, and AEs leading to discontinuation were
rare and generally comparable between the treatment and placebo groups. The most common AEs
in the clinical trialsncluded mild infections (e.g. nasoplyagitis, upper respiratory tract infections,
etc.), injection site reactions for subcutaneously administered drugs, headacitknausea. There
was no evidence of increased risk of serious infections or malignandies placebecontrolled

trials. Incident rates of candidiasis and other opportunistic infections were reported to be low and
comparable between groups in all trials. There were no reports of tuberculosis, demyelinating
disease, or lymphoma in theinicaltrials. We also did not findiffierences irthe risk of major

adverse cardiac events (MACBE)X note, five of the agents included in our review have boxed
warnings included in their FDA label: ANFh therapies (adalimumab, etanercept, infliximab, and
certolizumab pegol) have box&darningfor serious infections and malignanigsed on findings

from rheumatoid arthritis trialswhile brodalumab has a boxed warning for suicidal ideation and
behaviorbased on finding frona psoriasisclinical trial*®

The types and gterns of AEs reported for these agents at longer timepoints§a8veeks) were
similar to those reported during the placefoontrolled periods. In addition, comparative trials
reported generally similar rates and types of ABs.expected, there is cuantly no longterm
safety observational datéor any of the never agents.

Controversies and Uncertainties

Across thed8 key trialsidentified for this review16 were based on heado-head comparisons of
the drugs of interest.Our network metaanalysef PASI response are largely driven by indirect
evidence; however, our findings are consistent with the results of Hedtkad studies as well as
with our assessment of relative differences in PASI response in comparison to pl&xebdMA
findings arealso comparable to other recent assessments of the evidé¥€eAlthough PASI 75 or
PASI 90 was reported as the primary paiht in nearly all studies, other clinical outcon{esich as
PGAIGA,DLQImeasures osymptom controj were inconsistently reported across trials making
crossdrug comparisons difficultFor exampleDLQI was evaluated in just about half of the ineldid
trials, and not all trials used the same standard of measurement, and other scales were not
uniformly employed. Additionally, many of the tools developed to measure outcomes were not
developedin a patientcentered perspectiveand psoriasispecific nstruments are limited.

Longerterm data on both drug effectiveness and harms were also varedyess trialsmany
studies reassigned patients to different groups (mostly cgs to the intervention) and
evaluated outcomes at different time periodés suchwe could only confidently compare the
comparative efficacy of targeted immunomodulators at the end of the induction period
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Finally, subgroup data were primarily reported in conference abstraots the interventions were

only compared statistically to placebo, thereby limiting our understanding of how outcomes may
differ across population types (e.g., patients with psoriatic arthritis or prior biologic experience).
Concerning the choice of thappropriate firstline biologic therapy, there are current evidence

based recommendations available for some comorbid conditions in clinical practice. For example,
Ay (GKS LINBaSyOS 2F aSOSNB LIA2NAI GAO | &dmé&dNRA (A &3
options, while they are to be avoided for patients withmorbidmultiple sclerosig! Expert
opinion,clinical judgment and patient preferences will often determine the choice of the most
appropriate therapeutic option for many comorbiditiésFuture studies should be pragmatic in
nature, including patients with these type of comorbid conditions encountered in routine clinical
practice.

Summary and Comment

Using thelCER evidemcrating matrix our evidence ratings for the comparisons of interest are

provided in Tabl&€S; ratings are presented for the targeted immunomodulator listed in each row

relative to the comparator listed in each column. Note that comparisons to plaaebaoa

included in the table. As described previously, findings from placebtrolled trials indicated

substantial improvements in clinical measures for all agemtse safety of any new therapy is an

important consideration Severe or serious adversgents were rare during shoeterm trials and

extension studies on these agentS, alltargeted immunomodulatoNB OSA @S | € SG G SNJ 3|
(i.e., high certainty of substantial net health benefit) relative to placebo.

The presence of some direct comparisons allowed us to be reasonably confident about the relative
net health benefit for these comparisons. However, because of the lack of manytdvbadd
comparisons, we relied on a network medaalysis to estimate theomparative clinical

effectiveness between many targeted immunomodulators (see Appendix F). Ratings based on a
combination of direct and indirect evidence are highlighted in green in the table along with the
number of heado-head studies that informed #hrating.

ICER Rating

There were two heado-head trials comparing guselkumab and adalimumab (VOYAGE 1 &2), both

of which showed incremental benefit for guselkumab over adalimumab in the percentage of

patients achieving various PASI thresholds, PGABG#onse, and DLQI outcombn addition,

there was a similar magnitude of benefit when indirect evidence was included. We felt that the
consistency of results across the two trials represerttiggh certaintyof a small net benefit for

3dza St 1 dzY IR0 Fo/ad AYGF SINR 2N ySG KSIfGK 0SYySTAG 0aG5¢0

Similarly, unpublished evidence from two trials (ULTIMMA 1 & 2) comparing risankizumab to
ustekinumab consistently showed greater benefit for risankizumab on varioughirésiolds,
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PGA/IGA response and DLQI outcome. Although there are currently no peer reviewed publications
of these two Phase Ill trials, the consistency of the results with the published Phase" amidithe
magnitude of benefit when the indirect PASI evidence was included, gaviigis eertaintyof a

avYlrtf ySi oSySTAG F2NINRAFY (AT dzYFo 6a.¢0 6KSy O

In the one heado-head comparisons between tildrakizumab and etanercept (RESURFACE 2),
tildrakizumab resulted in a modestly better PASI outcome (supported by networkanelssis),

and no difference on PGA and DLQI outcome, so we judged the evidence of tildrakizumab versus
etanercepti 2 NBLINBaSyd | O2YLI NI of S 2NJKERBR DAARSNIIYWS (6  KSS |
inferior) for etanercept in this comparison.

The one heado-head trial comparing certolizumab pegol and etanercept (CIMPACT) was a single

blind study whichdund no statistically significant difference between the two agents on PASI
outcomeswhen using 200mg certolizumab pegol, but significantly better response when using

400mg certolizumab pegolnclusion of indirect evidence combining both the 200mg anoi®

arms yielded a significant improved outcome for certolizuroabr etanercept However, we have

very limited evidence on the PGA and DLQI outcoimees this study As suchyve rated the

SOARSYOS a/ bé 602YLI NI opegblr FRE 6508 SNIH NFE@NS OSNI R Y
etanercept in this comparison.

Ratings based on indirect evidence alone are highlighted in blue in the table. For these ratings,

results of the network metanalyses represented the only guide with which to judge theengd.

5NHz3a 6A0K SOARSYOS 2F ySi KSIHtGK o0SySTAU 6SNS
YFEAYyAGdzZRS 2F o0SYSTAGZ |y RiNIKISWNE Q2YY2LBt SN GiRSNBEO SNBICH
comparable or inferior net health benefit). In situations where theddble interval (the Bayesian

equivalent of the confidence interval) crossed 1.0, the evidence was rated | (insufficient) for both
directions of the comparison.

2SS [ fa2 O2yarARIIRSRNI KT FEDEOAWR 2dzNI SOAREW OS NI (A
moderatecertaintyof an incremental or better net health benefit of risankizumab over

ustekinumab, and moderate certainty that ustekinumab provides an incremental or better benefit

over etanercept and apremilast, we conclude that there is moderatwao#y that risankizumab

would also provide an incremental benefit over etanercept or apremilast.

ICER Rating on the Drugyscludedin the 2016 Rview

Our ratings on thexistingdrugsevaluatedin the 2016 review remain unchanged, excepthiree

instances. The first is the rating of secukinumab versus adalimumith weoriginallyrated as

GLé o0laSR 2y AYRANBOG SOARSYyOSe® 2SS KI@S y2g OK
updated NMAthat shows evidence of net health benefithe second is the rating of secukinumab
versusustekinumab This hasiow changed from C+ to B based on the addition é@ondtrial and
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the resuls of the NMA Thethird is a comparison of infliximab versus etanercept. In this instance,
the rating between the two drugs did not chandeom a B+ however, it is now highlighted in green
in the table because we found data from one heaehead trial which provides additional direct
evidence
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TableES. ICER Evidence Ratings for Available Heatlead Corparisons(New ratings based on the current review are in bold fonts)

Treatment Comparator ‘ New comparators

Adalimumab Apremilast Brodalumab| Etanercept| Infliximab | Ixekizumab Secukinumab Ustekinumab| Certolizumab Guselkumab Risankizumab Tildrakizumab
45/90 pegol
Adalimumab

Apremilast

Brodalumab

Etanercept

Infliximab

Ixekizumab

Secukinumab
10]0]
Ustekinumab
45/90

New agents

Certolizumab
pegol
Guselkumab

Risankizumab

Tildrakizumab

Note: The table should be read rei-column For example, there is moderate certainty that adalimumabésisalinet benefit compared to apremilasBt). Conversely, there is moderate
certainty that the point estimate for comparative net health benefit of apremilast is eitherparable or inferior to adalimumab-C

Table key: green=direct + indirect ewde; blue=indirect evidence only

Number of heago-head studies in parentheses

*Rating of secukinumatss.adalimumab changed from the previous review from | to C+ based on the result of the updated NMA;
WRating of infliximalys.etanercept did not changffom previous report, however the rating is now highlighted in green in the table because we found evidence ortd-ihead trial;¥Based on
unpublished grey literature
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LongTerm Cost Effectiveness

We estimated the cosgtffectiveness of tratments for patients with moderate to severe plaque
psoriasis who have failed topical treatment, methotrexate, and phototherapy. Our base case
analysis was conducted from a health sector perspective. All treatments included in thevBiidA
included in tke primary analysis of the coesftfectiveness model, except for risankizumab and
tildrakizumab, for which pricing data were not available at time of the analysis; threshold prices
were calculated for all drugs.

As in our 2016 report on targeted immunomddtors, we developed a decisi@malytic model

based on the York psoriasis castectiveness modelOur model used monthly cycle lengths and

was run over teryear and lifetime time horizons, both using a 3% annual discount rate for costs
and outcomes In the model, each month patients can move between health states defined by PASI
response and the treatment they are receiviniter the initiation period of firstine targeted

therapy (typically 1216 weeks), patients were categorized into one of fbealth states based on

their percent improvement in PASI score over baseline: PASI 90 and higher, B8SPASI 504,

and PASI <50.

Patients with a PASI improvement of at least 75% after the initiation periods continued eme@rst
therapy after theinitiation period. We applied a drugpecific discontinuation rate to each initial
targeted drug that accounted for discontinuation due to all causes (e.qg., loss of efficacy,
development of adverse effects) after the end of the initiation period; theses differed between
the first and subsequent years of treatment. After discontinuing-fin& treatment, patients
transitioned to either second line targeted therapy or n@ngeted therapy.

Efficacy estimates for firdine targeted therapy were dered from the network metanalysis
Secondine targeted therapy estimates were derived from available literature data, as were drug
discontinuation rates Utility (quality of life) estimates were based on correlations between PASI
response and the EQDinstrument in multiple randomized controlled trials.

Drugs used for secoHdihe targeted therapy varied based on fiigte targeted treatment: those
patients taking an HL7 drug switched to guselkumab; patients using guselkumab switched to a
market baget representing the average of a1 drugs; all other patients switched to a market
basket of all H17 drugs plus guselkumalRisankizumab and tildrakizumab were not included in the
market basket because drug prices were not available at the tintieeafeport.

We made the following key model assumptions:
1 Patients do not transition between effectiveness (PASI improvement) levels in the base
case.
1 Probability of discontinuing firdine therapy is drugpecific as supported by available data.
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1 All disontinuation in the first year is due to lack of effectiveness at the end of the initiation
period, except for infliximab.

91 Probability of discontinuing newer drugs (brodalumab, certolizumab pegol, guselkumab,
ixekizumab tildrakizumab) is the same as ustakimab in years 2+.

1 Seventyfive percent of patients discontinuing first line targeted drug therapy receive
secondline targeted drug anthe remainder receive nowargeted drug.

1 Secondine targeted treatment was assumed to vary by flise treatment as fothws:
patients receiving an {17 drug firstline receive guselkumab secofide; patients receiving
guselkumab firstine receive a market basket equivalent to the average of dl¥Idrugs
secondline; patients receiving any other firihe drug receive market basket equivalent
to the average of all $L7 drugs plus guselkumab.

1 Secondine targeted treatments have a 10% lower probability of achieving PABIT%i.e.,
5% lower probability of PASI-B®, 5% lower probability of PASI-200, 5% higher
probability of PASI 5@4, and 5% higher probability of PASI < 50).

1 Mortality in the model was not diseaspecific and was adgeased.

i Patients remain on firsline therapy during the trial period.

1 Subcutaneous drugs are administereeclmicduring the initiation dose and by the patient
themselves during the maintenance period.

91 Drug cost discount was applied on a dimgdrug (rather than class) basi§&uselkumab
received the average discount of all drugs included in this report (33%).

1 No addtional months in PASI states > 0% improvement, on average, are attributable to non
targeted treatment.

A comprehensive list of model assumptions along with rationales for each assumption are available
in section 4.2 of thenainreport.

With the exceptiorof infliximab, net pricing estimates for all reviewed drugs were derived from SSR
Health, LLC, which combines data on unit sales with puldistfosed US sales figures that are net

of discounts, rebates, concessions to wholesalers and distributorgpatieht assistance programs

to derive a net price The derived net price is at the unit level and across all payer t{pes.

Infliximab, which, because it is administereebiffice or clinic, is priced based on Average Sales
Price(ASP) plus a mawkp of 9.5%4 We used drugspecific rebates, in contrast to our 2016 report
that used drug clasbased rebates, because rebates varied within clagsikgly due to variability

in list pricing strategies and product profiles.

We used initiation and maintenance dosing from drug labels, averaged to a daily dose and
multiplied by 30.44 (average number of days per month) to calculate expected doses peMugcle
assumed an average patient weight of 90kg based on patients enrol@&@idiral trials for weight
based regimens; we estimated thirty percent of patients received a higher dose of ustekinumab
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one-half of certolizumab patients based on our assumed average weight and labeled dosing
guidelines received a higher dosad that hfliximab patients used five full vials for each dose
Targeted drug costs are presented belowrable E& Drug administration and monitoring costs
were also included in the model; prices for administration and monitoring were obtained from the
CMS Metitare Physiciaffee Schedule for Ye20174° Detailed explanations of model inputs are

presented in section 4 of theeport.

Table E6. Drug Cost Inputs

Intervention Unit WAC per Discount % Net price per Cost of first ~ Annual cost
Unit/Dose* Unit year of year 2+
Adalimumab [N $2,436.02  31% $1,674.64  $46,751.16  $43,693.75
30 mg $54.72 22% $42.46 $30,807.28  $31,019.58
IR EEEl 210 mg $1,750.00  20% $1,400.00  $37,684.00  $36,528.00
LIPSl 400 mg (see $4,044.32  36% $2,583.70  $54,097.14  $50,559.32
pegol above for
dosing note)
Etanercept  [slaXule $1,218.00  31% $837.69 $54,641.32  $43,713.06
Ol 100 mg $10,158.52  33% $6,806.21 $50,609.02  $44,395.93
Infliximab 40 mg $1,167.82  22%** $911.99 $38,466.44  $29,743.90
80 mg $5,161.60  44% $2,888.74  $51,374.18  $37,685.68
300 mg $4,712.38  38% $2,926.22  $49,624.51  $38,174.63
S GCIGNNEN 45/90mg  $10,292.15/ 27% $7,532.84/  $58,620.92 $42,584.22
(see above) $20,584.30 $15,063.47

Patient preferences for psoriasis treatment outcomes were included by assigning utilities to the
health states (PASI response) in the modéie relationships between PASI response categories
and utility values have been estimated in analyses of RCTs of targeted drugs (although the
relationship between treatment arm and utility was not assesséa)contrast to our 2016 report,
rather than estimating utilities derived from a single study, weraged utilities from five studies
(seeTable4.4in main report) to account for variability across trials and utilize all available
evidence.

Model outputs include qualitadjusted life years (QALY) gained, life years (LYs), and total costs for
intervention and comparators, as well as incremental costs per additional QALY gained and per
additional LY gained for the intervention relative to nontargeted cakke also evaluated cost per
month in PASI States 90 and 75.
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BaseCase Results

Our results suggeshat initiating treatment with the 1117 drugs or guselkumab leads to the
greatest improvement in QALYs, while initiation with apremilast, etanercept, or infliximab is the
least effective. Perhaps not surprisingly, initiation with th& TLdrugs or gudkumab generally
leads to the highest total cost, while initiation with apremilast, etanercept, or infliximab leads to
lower total costs.

Table E3. Results for the BseCasefor Targeted TreatmentsOver 10 years

Firstline Treatment Total Cost Total QALY's Months spent in Months spent in

PASI 90+* PASI 75+*

$67800  5.70 0.0 0.0
$308,000  7.17 52.0 74.1
$215,000  6.79 326 53.5
$289,000  7.39 67.8 84.9
$341,000  7.16 50.5 735
$272,000 6.88 37.7 57.9
$342,000  7.40 69.0 85.3
$238,000 6.98 47.8 62.5
$311,000  7.42 70.9 86.1
$305,000  7.34 63.5 82.4
$315,000 7.17 51.1 74.1

* Time spent in PASI health statesliscounted at the same rate at costs and other outcomes.

Note that the results above should not be interpreted as treatments with a single targeted drug, but

& aSljdsSyoSa 2F GFNHSGSR RNHAA& o0AyOf dzZRAY3I WahSL
guselkumab continues to-Il7 and/or nontargeted drugs upon discontinuation, and treatments

beginning with 117 drugs continue to guselkumab and/or ntargeted drugs upon

discontinuation. All other drugs are followed by a market basket-o¥ Idrugsand guselkumab

upon discontinuation from the firdine targeted treatment.

The incremental costffectiveness ratios compared to ndargeted treatment are shown below.
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Table E8. Incremental CosEffectiveness Ratios (ICERS) for the Base Case, CothfmaMon
Targeted Treatment

Firstline Treatment Cost/ QALY Cost / month in PASI 90+ Cost / month in PASI 75+

$164,000 $4,600 $3,200
$135,000 $4,500 $2,800
$131,000 $3,300 $2,600
$188,000 $5,400 $3,700
$175,000 $5,400 $3,500
$161,000 $4,000 $3,200
$134,000 $3,600 $2,700

Ixekizumab $142,000 $3,400 $2,800
$145,000 $3,700 $2,900
$169,000 $4,800 $3,300

ICER: incremental cosffectivenesgatio, QALY: qualitgadjusted life year

Sensitivity Analyses

To demonstrate effects of model parameter uncertainty on incremental cost per QALY gained, we
varied input parameters based on standard errors or reasonable ranges for two examples:
ixekizumab grsusnon-targeted treatment and ixekizumalexsusetanercept These examples

were selected because ixekizumab is one of the most effective drugs and has soreromnigta,

and because etanercept represents one of the more commonly usetharigrgeted agents
Furthermore, some health care plans require patients to utilize a less effective and less expensive
targeted agent as a step therapy.

In the basecase, ixekizumab has an ICER of $142,000 per QALY compareddogeted, and an
ICER of $72,000 per QALY compared to etanercept.

In the comparison to notargeted treatment, mcertainty in utility scores and drug costs are the
primary sources of uncertainty; the ICER exceeds $150,000 per QALY gained with reasonable, albeit
less likelyyvalues for each of these parameters.

In the comparison to etanercept, uncertainty in model results is again dominated by uncertainty in
drug costs, but also drug discontinuation rates, utility for PASI response states, and drug
effectiveness Despite vaying these parameters, initiation with ixekizumab compared to initiation
with etanercept is below the $150K/QALY threshold in almost all cases.
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Figure ES CostEffectiveness Acceptability Curve
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This graph shows the probabilitiesgyis) that initiation with each targeted drug is the most cost effective strategy
at various willingnesto-pay thresholds Gaxis), comparing all targeted drugs to each other and to-tawgeted
treatment.

We also onducted a probabilistic sensitivity analysis (PSA) to more comprehensively evaluate the
impact of uncertainty in all model parameters when comparing all interventions (targeted drugs
and nontargeted therapy) with each anothefThe cost effectiveness agutability curves shown in

the Figure above indicate the probabilitiesgyis) that initiation with each drug is the most cost
effective approach at various willingness to pay thresholesx(s).

These results indicate that at a $50K/QALY thresmadargeted drugs offer good value; at a
$100K/QALY threshold, initiation with brodalumab or infliximab each have a 10% probability of
being optimal valugand probabilities for the other targeted agents alénear zerpandat a
$150K/QALY threshottiereis more separation, asitiation with brodalumab or infliximab is most
likely to be cost effective, while the other1Zs and guselkumab hagemewhatlower

probabilities of being most cost effectivé\premilast has a modest probability of being cost
effective across the $1008150K/QALY range, while initiation with adalimumab, etanercept,
ustekinumab, and certolizumab have essentially no probability of being the moseffestive
strategies across all thresholds
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Scenario Analyses

In order to undestand the effects of various assumptions, we ran a variety of sceanalyses
including:

T

Patients in the PASI 504 group continued therapy, with small improvement in PASI over
time and higher discontinuation; costs increased by&t® 3.3%, while QAlsYthanged by
0.2%t0 0.4%

Used 2016 drug prices; total costs of treatment increased by 0.2% 4lftom using 2018
versus2016 drug prices.

Included suicide as a potential adverse outcome Withdalumah negligible effect on
overall outcomes, with a lesof QALYs equivalent to less than 0.1% of the total.
Assessed effect of timing of onset of response using secukinumab as an illustrative example;
impact on ICER was less than. 1%

Assumed secondine targeted treatment was an average of all 10 targeteapdr changed
costs and QALY's by no more than 1%.

Including productivity offsets ledto #M 0’2 RSONBI aSa Ay Gz2dalt O2a

non-targeted that were notably lower than in the base case (i.e., $168K/QALY rather

than $133$188K/QALY).

Using only the lower doses for certolizumab pegol and ustekinumab, we find that cost per
QALY versus neargeted decreases from $188,000 to $129,000 and $169,000 to $130,000,
respectively

Threshold Analyses

To estimate lhe maximum prices that would correspond to given willingness to pay thresholds, we
systematically altered the price of each drug in the base case scenario in order to match that
threshold Prices for each drug that would achieve eeffectiveness threshds ranging from

$50,000 to $150,000 per QALY gained are shown below.
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Table ES. Threshold Analysis Results (Prices indicate annual maintenance price)

Intervention  Annual price of Price needed for Price needed for Price needed

maintenance $50k/QALY $100k/QALY  for $150k/QALY
therapy

Adalimumab JFLEN{ $11,600 $25,700 $39,800
$31,000 < $0* $17,500 $36,600
EIE Gl $36,500 $14,900 $28,200 $41,500

$50,600 $11,300 $25,500 $39,700
pegol

$43,700 $1,700 $18,500 $35,400
$44,400 $15,400 $28,400 $41,500
$29,700 $2,600 $18,800 $35,000
$37,700 $14,500 $27,100 $39,700
$38,200 $13,600 $25,500 $39,400
$42,600 $12,600 $25,200 $37,800

*Threshold price ohpremilast needed to be below zero to offset cost of sechbne targeted drug therapy

Risankizumab threshold analysis

No WAC will be announced for this product for some time, and the approved dosing is not certain.
Assuming discontinuation parameters identical to guselkumab and no laboratory monitoring or
increased initiation dosing, we have calculated the following vhkgedannualmaintenance

prices: $50,000 per QALY: $15,600; $100,000 per QALY: $28,800; $150,Q020 gef42,100.

Tildrakizumab threshold analysis

Tildrakizumab was approved to be dosed at 100 mg every 12 weeks, following initiation doses of
100 mg at weeks zero and foudsing this dosing information and no lab monitoring, we have
calculated annuainaintenance prices for tildrakizumab as follows: $50,000 per QALY: $10,000;
$100,000 per QALY: $24,900; $150,000 per QALY: $39,800.

Summary and Comment

In our analysis of costffectiveness of targeted drugs for moderate to severe plague psoriasis, we
found that the most effective treatment strategies were initiation with thelll_agents or

guselkumab The least effective strategies were initiation with apremilast, infliximab, or

etanercept Analogously, the most expensive treatment strategies weréainiin with the 1L17

agents or guselkumab, and the least expensive strategies were initiation with apremilast, infliximab,
or etanercept.
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Approximately half of the treatment strategies were cost effective compared tetaayeted
therapy at a $150K/QAltkreshold; the value of tildrakizumab and risankizumab will be dependent
on their final list price and discounts provided in the marketplace.

In our 2016 analysis, we concluded tlvatiation with IL-17 drugss areasonablestrategydue to

their high eficacy andeasonableeconomicvalueg even in comparison to step therapy using a less

effective and less expensive targeted drug first line. This conclusion remaingalidcurrent

analysis Amongthe lm T Qa3 AYAUALF GA2Y ¢beih& mastd&Efectivdzy | 6 LILIS |
strategy due to drug pricingOf note, the IE17 drug pricedave increased, leading to less favorable

value than in our 2016 report.

Conclusions

Targeted drug treatment for moderate to severe plaque psoriasis can providenalle economic
value Our analysis indicates firihe treatment with infliximab or the HL7 drugs is cost effective

at higher willingness to pay thresholds, and infliximab and brodalumab are most likely to be cost
effective Guselkumab may be costfe€tive depending on drug discounts, and apremilast, while
the least effective drug, may be cost effective at moderate willingness to pay thresHhoitigtion

with other targeted drugs was not found to be cost effective.
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Other Benefits and Contextudlonsiderations

Our reviews seek to provide information on 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 omparative clinical effectivenessrhese elements are
listed in the table below.

Table E®0. Potential Other Benefits

Other Benciis

This intervention provides significant direct = The use of targeted immunomodulatooffers patientsbetter
patient health benefits that are not adequatel treatment potential in regardo greater skin clearance and

captured by theQALY. overall improved quality of life

This intervention offers reduced complexity | All the targeted immunomodulators are administered

that will significantly improve patient subcutaneously except for apremilast (oral) and infliximab
outcomes. (intravenous) Subcutaneous route of administratios less

burdensome and has reduced complexity, which is likely to
improve adherence as welkahe ability for some patients
with limited mobility to seHadminister prophylaxis;
intravenous administration used for infliximab has been
identified as a barrier for patientsPatients mayalsofavor the
convenience of an oral drug like apremilast.

This intervention will reduce important health N/A

disparities across racial, ethnic, gender, seci

economic, or regional categories.

This intervention will significantly reduce For individuals with moderate to severeguisis and with

caregiver or broader family burden. associatecemotional and psychological issy¢ise use of
targeted immunomodulatorsnay decrease caregiver/family
burden, but there are currently no data on this.

This intervention offers a novel mechanism ¢ Targeted immunomodulators have dramatically

action or approach that wilillow successful | revolutionizedthe treatment of psoriasisHowever, ot all

treatment of many patients who have failed | patients respond well to their first ageniTherefore, the

other available treatments. introduction of a new class of targeted immunomodulator
drugs that selectively targets interleukin 23 (aht23 agents)
is likely to benefit patients who did not achieve adequate
control with the other agents

This intervention will have a significamipact = We found limited data on the impact of these drugs on

on improving return to work and/or overall productivity. However, there is reason to believe that

productivity. controlling plaque psoriasis with targeted immunomodulato
will have significantnnpact on improving the psychological
and emotional health of patientsyhich may in turn affect
productivity.

Other important benefits or disadvantages | N/A

that should have an important role in

judgments of the value of this intervention.
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ContextualConsiderations

Table E®1. Potential Contextual Considerations

Contextual Consideration Description

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/o

quality of life.

This intervention is intended for the care of
individuals with a condition that represents a
particularly high lifetime burden of illness.
Thisintervention is the first to offer any
improvement for patients with this condition.
Compared tesystemic therapieshere is
significant uncertainty about the lortgrm risk of
serious side effects of this intervention.

Compared tesystemic therapiesthere is
significant uncertainty about the magnitude or
durability of the longterm benefits of this
intervention.

Psoriasis is rarely life threatening, however, it has
substantial impact on the overall healtklated quality of
life of patients, particularly if lesions are in areas that c:
affect daily functioning (e.g., the hands or soles of the
feet) orsocial functioning (e.g., the face).

Patients with psoriasis have a high lifetime burden of
illness

N/A

Serious side effects appear b@ minimal in the shokt
term trials on these agentsHowever, [goriasis is chronic
condition requiring long term treatmentObservation
data on the drugs that have been around for longer
periods (TN inhibitors) have been generally reassuring
However, long term data are not yet available on the
newer class of drugs ¢ll7s and H23s).

Longer term chtaon targeted immunomodulatorbave
shown that loss of effect over time is a very common
problem with these drugs. In fact, switching treatment
generally expected among patientslowever, the
magnitude and durability of the benefit of the new class
of agents [-23) has not yet been reliably quantified at
this time.

There are additional contextual considerations th N/A
should have an important role in judgments of the
value of this intervention.

ValueBased Benchmark Prices

Valuebased benbmark prices foall drugsare presented in TablIES2. Annual prices and
discounts required to reach the $100,000 per QALY threshold ranged3®88trto 71% and to reach
the $150,000 per QALY threshold ranged from 8%4% Since no WA available for
risankizumalor tildrakizumah we calculated only the price to reach the cestectiveness
thresholds.

©Institute for Clinical and Economic Review, 2018
Evidence Reporfargeted Immunomodulators for Plaque Psorig€endition Update
Return to Table of Contents

PageE26




TableES2. ValueBased Benchmark Prices foargeted Therapies

Annual WAC  Annual Annual Price  Annual Price  Discount from WAC
Estimated Net to Achieve to Achieve required to Reach
Price $100,000 per  $150,000 per  Threshold Prices

QALY QALY
Threshold Threshold

Adalimumab $63600

$43,700 $25,700 $39,800 37% to 60%

Apremilast $40,000 $31,00 $17,90 $36,6M 8% to 56%
Brodalumab $45,700 $36,90 $28,200 $41500 9% to 38%
Certolizumab

pegol* $79,100 $50600 $25500 $39,700 43% to 63%
Etanercept $63600 $43,700 $18,90 $35,400 44% to 71%
Guselkumab $66300 $44400 $28,40 $41500 37% to 57%
Infliximab $38,100 $29,700 $18800 $35,000 8% to 51%
Ixekizumab $67,30 $37,700 $27,100 $39,7M0 41% to 60%
Secukinumab $61500 $38200 $25500 $39400 36% to 59%
Ustekinumab $58200 $42600 $25,200 $37,80 35% to 57%
Risankizumab - - $28,80 $42,1® -
Tildrakizumafy = = $24,900 $39,80 =

QALYQuality-adjusted life year

All annual prices do not include loading dose administered at initiation ingre@arand represent only
maintenance doseelated prices from yeatwo onward

All prices rounded to the nearest $100

*Assumed that 50% of treated pants had body weight >90kg and were hence administered the higher
maintenance dose of 400mg once every two weeks

"No WACor estimated net priceurrently available

Potential Budget Impact

We used the results from the costfectiveness model to estimathe potential total budgetary
impact of certolizumab pegol andiselkumahin place of nortargetedtherapy. We used theVAC,
the same estimated net prictr each drug asiithe costeffectiveness analyses, and the three
threshold prices in our estimated potential budget impactAll costs were undiscounted and
estimated over a fivegyear time horizon.
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The candidate populations eligible for treatment waértolizumab pegol or guselkumatcluded
adults withmoderate to severe plaque psoriasis wéi@ elgible for biologic therapy and are
biologic naive To estimate the size of the potential candidate populations for treatment, we first
estimated the size of the US adult population by gender for years 2018 to 2022 using population
projection data publisbd by the US Census BureduAs in our 2016 report, we used incidence
(78.9 caseper 100,000 persongather than prevalence lmuse we were interested only in
patients who were taking a biologic for the first timedpplying estimates of 79% with plaque
psoriasiamong those with psoriasend 18.2% amag this sukpopulation with moderateto-

severe disease to our projected US population resultet¥,710 incident cases over five years, or
29,342 cases each yett.This was assumed to be tleandidate populatiodor treatment with

these novel agents

For certolizumab pegolhe perpatientannualbudget impactanged from approximatel$58,500
at itsWAC ($9,100per year) to approximately $38,200 at its net pric#50,600 per yegr The per
patient annual budget impact at the threshold pricesiged from approximatel$30,400 at the
price ($39,700 per yegrto reach the $150,000 per QALY threshold to approxim#é)y00 at the
price ($11,300 per yegrto reach $50000 per QALY thresho(@able ESJ).

TableESB. PerPatient Budget Impact Calculations Over a Fear Time Horizon for
Certolizumab Pegol in dults with Moderate to SeverePPlaque Psoriasis

Average Annual Per Patient Budget Impact

WAC Discounted $150,000/ $100,000/ $50,000/
WAC QALY QALY QALY
Certolizumab pegol $66,109 $45,761 $38,019 $24,266 $12,274

Non-targeted therapy $7,589
$58,520 $38,172 $30,430 $16,677 $4,685

WAC: wholesale acquisition cost; QALY: quality adjusted life year

At all prices except the price to reach the $50,000 per QALY thresholdnthmlpotential
budgetary impactor the entire eligible populatioexceeded the ICE&Rnualbudget impact
threshold of $915 million At certolizumab pél 2 tu2eént WAC and ednated net price, only 19%
and29% of the entire eligible population could be treated per ywahout the budget exceeding
the $915million threshold(Figure ES.
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FigureER. Potential Budget Impact Scenarios at Different Prides Certolizumab Pegohi Adults
with Moderate to Severe Plaque Psoriasis
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*Graph shows the relation between price per 200mg and proportion of patients eligible for treatment with
certolizumab pegolvho could be treated over five years without crossing $&diBion budgetimpact threshold.

For guselkumalthe perpatientannualbudget impactranged from approximately $58,900 at its
WAC ($6,300peryear to approximately $3,200 at its net price @,400per yea). The per
patient annual budget impact at the threshold ggs ranged from approximately 300 at the
price ($11,500 per yedrto reach the $150,000 per QALY threshold to approxima@&K0$ at the
price (85,400 per yedrto reach $50,000 per QALY threshold (TablelES1
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TableES#. PerPatient Budgetimpact Calculations Over a Fixear Time Horizon for
Guselkumab in Aults with Moderate to Severe Plaque Psoriasis

Average Annual Per Patient Budget Impact

WAC Discounted $150,000/ $100,000/ $50,000/
Guselkumab $66,488 $44,797 $42,261 $28,478 $16,048
Non-targeted
therapy
Difference $58,900 $37,208 $34,672 $20,889 $8,459
WAC: wholesale acquisition cpQALY: qualitadjusted life yen

$7,589

At all prices except the price to reach the $50,000 per QALY threshold, the pobtesstial
budgetary impact for the entire eligible population exceeded the ICER annual budget impact

threshold of $915 millionAtguselkuma® da OdzNNBy d 2!/ | yR &&and YI SR

29% of the entire eligible population could be treated peary@ithout the budget exceeding the
$915 million threshold (Figure BS

FigureES. Potential Budget Impact Scenarios at Different Prices @&rselkumalin Adults with
Moderate to Severe Plaque Psoriasis
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*Graph shows the relation between price ppdOmg and proportion of patients eligible for treatment with
guselkumalwho could be treated over five years without crossing $&dilion budget impact threshold.

Detailed budget impact results for both drugs are available in section 7.3 of pjugtre
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1. Introduction

1.1Background

Psoriasis

Plague psoriasis is a common, chronic disease that manifests itsethipypruritic, red, scaly,

raised lesions on the skin, most commonly on the scalp, elbows, knees, scal@mcknektensor
extremities and trunk Psoriasis affects about 3% of the population and generally occurs before
age 35> In this T celmediated autoimmunend inflammatorydisease genetic predispositions
play a major rolé? The pathogenesis is driven bwltiple cytokinemediated pathways, including
tumor necrosis facte?  6-¢)lar@ interleukin (123 andIL-17 cytokines. It is associated with
systemic diseases including other autoimmune diseases (e.g., inflammatory bowel disease),
metabolic syndrome, and cardiovascular dise&sé.In addition, up to 30% of patients with plaque
psoriasis have at least some manifestations of psoriatic artfifitiand may reachup to 40%

among patients treated with biologi®s$’

Plague psoriasis accounts for about 80% to 90% of all patients with psériaiher types of
cutaneous psoriasis include inverse psoriasis (affecting the skin folds, particularly the genital area),
guttate psoriasis (small spots all over the body), palpiantar psoriasis (on the hands arekf),

nail psoriasiserythrodermic psoriasis (where the entire body may turn red), and pustular psoriasis
(sterile pustules}®*€. These other types of cutaneous psoriasis, accompanying plaque psoriasis in
up to 40%of patients, are often hard to treat and have an important impact on their quality of

life“®.

Roughly 70% to 80% of patients with plaque psoriasis have mild disease that can be adequately
YEYEF3ASR gA0K G2LAOFT (KSoMNISLAEBSING £5 ST Al YIjAdASA 2Lyas2 NAF A
generally consist of psoriasis that affects at @ G p:2 G2 wmm: 2F F LI GASYydQa
lesions that have significant redness, thickness, and scale; or significantly reduces quality of life

(e.g., lesions on the face, palm, or soles of the f&&f).

Plaque psoriasis sigicantly decreases heaktelated quality of life, particularly if lesions are in

areas that can affect daily functioning (e.g., the hands or soles of the feet), social functioning (e.qg.,
the face) or sexual activities (genital are#s}. Psoriasis itself is not a direct cause of increased
mortality, but patients with severe psoriasis have increased mortdlity to cardiovascular disease
and infection'14

The directannualmedical costs of psoriasiexcluding the cost of emorbidities,have been
estimated to cost the United States $52 billion to $63dilland indirect costs of lost work
productivity have been estimated to range between $24 billion and $35 biftion.
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Treatments

Treatments for psoriasis can be grouped witfaar broad categories:
1. Topical therapies such as steroids, vitamin D analogs, retinoids, and calcineurin inhibitors;
2. Older systemic therapies, such as acitretin, cyclosporine, and methotrexate;
3. Phototherapy, most commonly narrehand ultraviolet B light (NBUY.Band
4, G¢ I NRYWIB 2Y2RdzA F 2NBRéE AyOf dzRAYy3a o0A2f23A0a |y

Topical Treatmentsnclude emollients; topical corticosteroids of varying strength; vitamin D
analogs (e.g., calcipotriene, calcitriol); coal tar products which are usually available without a
prescrigion; topical retinoids (tazarotene); topical calcineurin inhibitors (e.g., tacrolimus or
pimecrolimus), which can be useful for treatment of the face and intertriginous areas; and
anthralin. Topical treatments are usually in the forms of creams, ointsp@mtlotions, but can also
be gels, foams, sprays, and shampoos. Topical treatment can be impractical for patients with
psoriasis that affects a large area or for patients who have significant@caglinvolvement.
Higher potency topical corticosteids can cause skin atrophy if used on fpmoriatic skin,
particularly on areas of thinner skin, such as the face. Topical calcineurin inhibitors may be
associated with skin cancer.

Older Systemic Therapgcludes methotrexate, cyclosporine, and aciinet

A Methotrexateis a folic acid inhibitor. It is effective but is associated with hepatotoxicity,
requires close, potentially invasive (i.e., liver biopsy) monitoring, cannot be used in patients
with liver disease or kidney disease, and is an abortifaci®rug interactions are common;
bone marrow suppression is a possibility. Methotrexate is generally given weekly and many
patients describe apo®R2 84S Fl GA3dzS GKI G OFry flFad F2N asSg
Patients often get stomatitis, nauseand vomiting and, more rarely, can have lung
complications.Methotrexate can be combined with TMF A Y KA 0 A (1 2 N&R @

A Cyclosporings a T cell inhibitorIt works rapidly but causes hypertension and may be

associated with lymphoma and skin cancer (especially when combined with psoralen and

ultraviolet A radiation [PUVA]). Cyclosporine is also associatedhefithrotoxicity liver

disease, hypertrichosis, gjival changes, GI symptoms, and neurologic symptoms. Drug

interactions are common and there are many contraindicatio@sarrent US guidelines limit

the continuous use of cyclosporine éme-year, European guidelines ttwo years>*

Cyclosporine cannot be combined with other systemic treatments (other than

phototherapy).

Acitretin,a retinoid, vitamin A analogue is highly teratogenic, associated with dry eyes and

dry mouth, tair loss, as well as elevated triglycerides and musculoskeletal problems.

Acitretin can be combined with phototherapy and, unlike many other psoriasis treatments,

IS not immunosuppressive.

>
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Phototherapyincludes sun exposure, broadband ultraviolet BBYU\harrowband UVB, and

psoralen with ultraviolet A (PUVA) treatment. Narrowband UVB is more effective than broadband
UVB; both can be delivered at home. Psoralen, a photosensitizing drug, can be used orally or
topically, as a bath, to the affected areaBsoralen is associated with nausea, and PUVA is
associated with increased squamous cell cancer and possibly melanoma; as such, UVB by far the
most common form of phototherapy delivered in current clinical practice. A final form of
phototherapy involveshe use of excimer lasers for focused UVB light therapy.

Targeted immunomodulators

Targeted immunomodulators include the monoclonal antibodies reducing the level of the
pathogenic cytokines, specificalNFh | Yy R A y (-3 WddISdztylokines) anfl theDE4
inhibitor apremilast reducing the production of proinflammatory mediatérs.

Monoclonal antibodies are part of the class of drugs called biological products or biologics, large,
complex molecules that aggroduced through biotechnology in a livisgstem, sch as a
microorganismt’ The FDA calls the first approved specific biologic product the Reference Product,
often simply called Biologic, and the subsequent product the Biosimilar Product or simply
Biosimilar. When approving a biosimilar, the FDA determines that there arelimically meaningful
differences from an existing FExpproved reference produét. Since 2015, the FDA has added
four-letter meaningless suffixeat the end of all nosproprietary names of biosimilars. Starting in
November 2017, these suffixes are also added to all newly approved reference biologics’
nonproprietary names? In this report we will be using the nonproprietary names as used by the
FDAfor reference biologics and biosimilars.

Tablel.1provides an overview of the tgeted immunomodulatorgpprovedor under review by

the FDAfor the treatment of moderateo-severe plague psoriasi©f note,severalof these agets

are newly available aizy RSNJ C5! NBE@GASs aiAyOS L/ 9wQa Hnamc
class of selective 423 inhibitors (guselkumab, tildrakizumab, and risankizumab), asawéll 17

inhibitor (brodalumab)a TNF A Y KA 0 A ( 2 NJ 6 @rfsl BFecohdibiogiiaf foranflitida 2 £ 0
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Tablel.1. Targeted Immunomodulators for Moderat¢o-Severe Plaque Psoriasis

Mechanism of
Action

IL 12/23

IL 23

IL17

PDE4

Name and Company

adalimumab / Humira®
AbbVie

etanercept /
Enbrel®
Amgen

infliximab (dyyb/abda)
Remicadef®Janssen
Inflectra® | Pfizer
Renflexis® | Merck

certolizumab peghb/
Cimzia®
ucB

ustekinumab / Stelara®
Janssen

guselkumab/ Tremfya®
Janssen

tildrakizumabasmn /
llumya®
Sun/Merck

risankizumab
Abbvie

secukinumab / Cosentyx(
Novartis

ixekizumab /
Taltz®
Eli Lilly

brodalumab /
Silig®
Valeant
Apremilast /
Otezla®
Celgene

FDA approval for
plaque psoriasis
Reference Biologic
2008/01/18

Reference Biologic
2004/04/30

Reference Biologic
2006/09/26
Biosimilars:
2016/04/05
2017/04/24
Reference Biologic,
2018/05/28

Reference Biologic
2009/09/25

Reference Biologic
2017/07/13

Reference Biologic
2018/03/20

Submitted to the FDA

on April 25, 2018

ReferenceBiologic
2015/01/21

Reference Biologjc
2016/03/22

Reference Biologic
2017/02/15

Reference Biologic
2014/09/23

\VET G
availability
Available

Available

Available

Available

Available

Available

Not yet launched

n/a

Available

Available

Available

Available

FDA recommendedasing

80mg subcutaneously, then
40mg every other week
starting 1 week after initial
dose

50mg subcutaneously
2x/week for 3 months, then
50mg 1x/week

5mg/kg intravenously at
weeks 0, 2, and 6, then every
8 weeks

400mgsubcutaneouslyt
weeks 0, 2, and 4, then eithel
400mg every 2 weeks ooif
some patients (with body

6 SAIKG 2B8mgeveny]
2 weeks

tlGASyda Xmnn
45mg/90mg subcutaneously
at week 0 and 4, then every
12 weeks

100mg subcutaneousbt
weeks0, week 4 then every 8
weeks

100mg subcutaneouslyat
weeks0, 4 then everytwelve
weeks

n/a

300mgsubcutaneously at
weeks0, 1, 2, 34 then300mg
every4 weeks

160mgsubcutaneously at
weekO, then80mg at weeks
2,4,6, 8, 10, 12, then 80mg
every4 weeks

210mg subcutaneousit
weeks 0, 1 and,2hen every 2
weeks*

5-day titration then 30mg
orally 2x/day thereafter

1 This table include all reference biologics approved or submitted for approvabribybiosimilars that are
currently available.
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Aspects of Treatment

Non-Standard DosingFor many of these agents, there is some suggestiovaoingeffectiveness
with continued use, known as biologic fatigtleTo maintain effectivenesphysicians often
prescribe increasing dosestafgeted immunomodulators On the other handphysicians
occasionallyphysicians prescriblewer doses of effective medications to decrease-offpocket
costs. A US commercial database that evaluated sl&iom 2007 to 2012 found that in the 12
months after the dose titration period, there were dose escalation rates with etanercept,
adalimumab, and ustekinumab of 41%, 37%, and;Z&%se reductions of 49%, 54%, and 37%; and
discontinuation rates of 15%, 10%, and 5%, respectively. Within the same 12 months, many
patients discontinued, restarted, and switched biologic treatmeftsis may be due to a lack of
efficacy, to coverage changes or other reasadmsan examination of infliximabse, 26% of
treatment coursesinvolved use of a greatehan-initially-recommended dosé’

A more recent study also evalted claims over 12 months for 7,527 patients receiving adalimumab,
etanercept, or ustekinumab. The study found rates of dose escalation with adalimumab,

etanercept, and ustekinumab of 8%, 31%, and 18%; discontinuations of 53%, 56%, and 39%; restarts
of the same medication following discontinuation of 18%, 23%, and 9%; and switching to a different
medication of 21%, 22%, and 15%, respectively. Among patients who continued receiving
ustekinumab, only 0.5% decreased their dose (from 90 mg to 45 mg) dbersgudy perioc??

Combination TherapyThe role of combination therapyfor example, the use of topical therapies

with targeted immunomodulators or use of methotrexate as an adjunctive systemic theragy

not been rigorously evaluated, batich usanight provide enhanced effectiveness aisdypicalin

clinical practicé® Combination therapy seems likely to be discussed in a forthcoming guideline from
the American Academy of Dermatology and the National Psoriasis Foundation.

Previous Biologic Therapy Exposuf@enerally, ptients receiving & SO2y R ¢bCh AYKAOA
having responded to anoth@rb Ch A YKAOAG2NI KI @S | f26SNJI STFSOGA
compared to patients who never receivad agent fronthis class ofirugs before.?2¢° Patients

switching from one biologic to another may have a slightly lower responsehatesverthis has

not been consistently demonstrated

Biosimilars

As of April 2018, the FDA has approgediosimilars foruse in plague psoriasi& but onlytwo

have been launchedThe delays for launching biosimilars despite FDA approval are mainly due to
patent litigation®2° When approving a biosimilar, the FDA determities there are ncclinically
meaningful differences from an existing FByproved reference produdf. Head to head studies
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and registry studies foFNFh therapy have shown that biosimilars ceeplacethe reference
biologicwithout losing effectivenes®% Switching studies have confirmed tHENF" biosimilars

do not trigger immune responses that could diminish thegiterm effectiveness of biologic

therapy for psoriasi$.However, for biosimilars to be substituted for the reference product without
the involvement of the prescriber, additional requirements have to be fulffilfédCurrently none

of the FDA approved biosimilars has been recognized as an interchangeable Sfoduct.

Safetyaspects of treatment with biologics

Thetargeted immunomodulatotreatments that are the subject of the present assessment act on
specific pathways in the immune systemultiple cytokinemediated pathways, including tumor
necrosis factoh  0-¢ b CIL-3BRNdIL-17 cytokines Safety concerns for these agents are
primarily relate to effects on #immune systemarange of infections, including tuberculosis, and
malignancies, especially skin cancer and lympho8wuech safety concerns are studied using
registries that provide real world evidence in large patient cohaushevidenceis of coursenot

yet available for the newer agents.

It is known that the use of TNF | 3 Sagsodiated with increased risk of reactivatiorlaiént
tuberculosis infections, leading in most cases to disseminatestoapulmonary disease, and
tuberculosis screeng has beome mandatory prior to treatment with biologic€ohort studies
have shown however thahe risk of tuberculosis reactivation in patients receivimgdgics not
targeting TNF is almost negligiBleEINP inhibitor treatment can ao induce new autoimmune
diseases, such as lupus erythemato%us.

IL-23 and IE17 are required for optimal skin host defense against Candida albi@axst
surprisingly, Candida infections are ma@nmon with the use of L7 agents (secukinumab and
ixekizumab) but they are superficial, not systenfi¢ The use of brodalumab, the third-117 agent,
carries an increased risk of suicidand aRisk Evaluation and Mitigation Strategy (REMS)been
requested by the FDA before the appra¥al

Registry studies havénewn that increased risks of major adverse cardiovascular events and cancer,
especially lymphoma and nonmelanoma skin cancer, initially attributed to biologic therapy, are
most likelyrelated to psoriasis itself and not to the treatmetie*

Apremilast, a antrphosphodiesterasd agent,is the only available oral targeted immunotherapy.
Apremilast is associated with diarrhea, especially at initiation, that is lessened by titrating up the
dose gradually For elderly patients the diarrhea and weight lass be of particular concern.

Other adverse effects includmood disordersupper respiratory tract infection and
nasopharyngitig?
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Emerging therapies

As mentioned in the 2016 repgoft tofacitinib andbaricitinib are oral firsigenerationJanus kinase
(JAK)nhibitors that have beeshown to be effective for moderat-severe plaque psoriasis in
randomized controlled trial$>’® They are part of a large number of novel therapies for immune
mediated inflamnatory diseases targeting different pathways such as type | and Il interferons,
cellular adhesion processescBlls, regulatory -Eells and bispecific antibodiés.

1.2 Scope of the Assessment

The scope for this update followed the approach used in 201bis describedn the following

pages using the PICOTS (Population, Intervention, Comparators, Outcomes, Timing, and Settings)
framework Evidence was collected from available randomized controlled trials as well as high
guality systematic reviews; highguality compaative cohort studies will also be evaluated as
necessary. We did not restrict studies according to study duration or study setting; however, we
limited our review to those that captured the key outcomes of interest. We supplemented our
review of publisked studies with data from conference proceedings, regulatory documents,
information submitted by manufacturers, and other grey literature when the evidence meets ICER
standards (for more information, seetps://icer-review.org/methodology/icersnethods/icer
valueassessmentramework/greyliterature-policy/).

Analytic Framework

The analytic framework for assessment of griique p®riasis medications is depicted in Figuré 1
below.
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Figure 1.1. Analytic Framework: Management of ModerdteSevere Chronic Plague Psoriasis

Intervention

» Anti-TNF
& Anti-IL-17A,

* Anti-1IL-12/23
» Anti-IL-23
* Apremilast
Key Measures of Clinical
Population: Intermediate Outcomes: €y B enefit
enefit:
Adults with » «PASI 75,90,100 2~ == ===
moderate-to-severe . PGA * Healthrelated quality of life
plague psoriasis o IGA # Functional Outcomes
= Other patient reported outcomes

* Mortality

PASI = psoriasis area severity index; PGA = physician global assessment; IGA = Investigator Global Assessment

The diagram 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 health outcomes. Outcomes stedlin the shaded boxes: those within
the rounded boxes are intermediate outcomes (e.g., PASI 75, 90, and 100), and those within the
squaredoff boxes are key measures of benefit (e.g., headlated quality of life). The key
measures of benefit are ked 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 treatment which are listed within the blue ellifsis.

Populations

The population of focus for this review included adults with modetatsevere chronic plaque
psoriasis. Although not a focus of the review, we did not exclude patient populations with other
concomitant psoriasis types or psoriatic arthritis and evaldgieoriasis outcomes in these
subgroups if datavere available. Additionally, we attempted to distinguish outcomes for patients
who have and have not been previously treated with a targeted immunomodulator.
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Subgroup analyses conducted in the 2016 repaete updated: patients with concomitant psoriatic
arthritis, patients who had previous used biologic therapy, and results from Asian studies.

Interventions

The interventions of interest were the targeted immunomodulators Igmecs and apremilast)
approved expected to be approvedr submitted to the FDA for approvdly July 2018 for the
treatment of moderateto-severe plaque psoriasis:

TNFh inhibitors: adalimumab, etanercept, infliximab, certolizumab pegol

IL-17 agents secukinumab, ixekizumab, brodalan

IL-12/23 agent ustekinumab

IL-23 agents guselkumab (approved in 2017), tildrakizumab (appranddarch2018),
risankizumabgubmitted to the FDA on April 28018)

1 Anti-PDE4 agent apremilast

T
T
T
T

Comparators

We compared to placebo, andhereverpossible, we evaluattheadto-head trials of these
interventions.

Outcomes

This reviewexaminel key clinical outcomes, including outcomes common to plaque psoriasis trials
(a list of outcomes is included on the next pag@je examind available data for evidence about

the comparative effectiveness of targeted immunomodulators in affecting domains such as itch,
scaling, pain, quality of life, work productivity, and satisfaction with treatmen

Clinical Trial and Study Outcomes

1 Psoriasis Area and Severity Index (PASI): 50, 75, 90, 100
1 Physician Global Assessment (PGA)

1 Investigator Global Assessment (IGA)

1 Treatmentrelated adverse events

PatientReported Outcomes

Dermatology Life Qualitydlex (DLQI)

Other measures of healtrelated quality of lifgle.g., Psoriasis Symptoms and Signs Diary)
Psoriasis Symptom Inventory (PSI)

Symptom control

Treatment tolerability

= =4 4 4 4
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We updated the evidence tables with data from the newly selected studies and reseits
summarized in a qualitative fashiois in the 2016 review,atwork metaanalyses to combine
direct and indirect evidence on PA®), PAST5 and PASI 90 scoreere conducted and were
updated based on new direct and indirect evidence

Timing

Evidence on intervention effectiveness and hamese derived from studies of any duration.
Because psoriasis is a chronic condition with no cureyere particularly interested in adence of
durability of response to medications, as well as loegn safety.

Settings

Plaque psoriasis is generally treated in outpatient and/or clinic settings, wi@sthe focus of our
review.

1.3 Definitions

Psoriasis Area and Severity Index (PASI)

The PASI is a measure of the percent body surface area with psoriatic lesions in feachegfions

(head, trunk, arms, and legs) as well as the degree of erythema, induration, and scale of the lesions
in each area. PASI scores range from 0 toHigher numbers indicate more surface involvement

and severity of lesions. The PASI is generally reported as the percentage reduction in the PASI score
from baseline to follomup. The most consistently reported result in clinical trials is PASI 75, i.e., a
75% reduction in the PASI score. For these outcomes, higher numbers indicate a greater

percentage improvement: PASI 90 is a 90% improvement in the PASI score; PASI 100 indicates full
disease clearance, or a follewp PASI score of zero.

Physician Global Asssment (PGAndL y S A GA A 2 NRA DY 20l f ! aaSaayvysSy

The Static Physician Global Assessment (SPGA) and the InveStigatobf 20 f | a3dSaavYSyi
similar, beingscored by the treating or evaluating physician and only considers theaime

evaluaton. Scores usualiange from 0 to 7 with higher scores indicating worse severity, but 5

point, 6-point and 7point scales have all been used. A good response in clinical trials in treatment
ISYSNIfte NBIdzZANBAE &t D! aA0RNBad 2FKS D&Y $x QEOK R
l3aSaavyYSyid OoORtD! 0O f&a2 a0O2NBR FNRY n (G2 13 02y
YR A& dzaASR fSaa FTNBldSyiufeo lyfSaa 20KSNBAAS
Physician Global Assesant.
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The IGA is a modified version of the PGA, iaredbased on a-point rather than a 6or 7-point
A0FEST GKS LINRPLERNIA2Y 2F LI GASyida | OKAS@GAy3 | &
O2yAARSNBR GNBALRYRSNE: Ay Of AyAOFft GNRIFfa®D

Dermatology Life Quality Index (DLQI)

The DLQWvas the first dermatologgpecific healthrelated qualityof-life (HRQoL) instrument
introduced in 1994° It compriseslO questions relating to syptoms, feelings, daily activities,
leisure, work, school, social interactions, clothing choice, sexual difficulties, and treatment
problems. DLQI scores range from 0 to 30 with lower scores representing better quality of life. A
DLQI change of-pointsis the minimal amount of change needed to establish meaningful clinical
significance in healthelated quality of life (HRQL).

EuroQol Five Dimensions (ESD)

The EGBD is a standardized, sélf5 LJ2 NI SR j dzZSaGA 2y Yyl ANB F2auh) SOI f dz (
across disease states, and is based on five dimensiongaselfpain/discomfort,

anxiety/depression, mobility, and usual care activities. It is often used to compute a quality

adjusted life year.

Short Form36 (SF36)

The SR6 is a 3dtem quality of life instrument that captures eight domains and is reported as a
score from 0 to 100 with higher scores indicating better functioning. T63#50 has summary
component scores for physical functioning (physical component score, or PCSgiatadl m
functioning (mental component score or MCS). Scores can be standardized to a population
reference, such that the population mean score is 50 with a standard deviation of 10.

Psoriasis Disability Index (PDI)

The Psoriasis Disability Index is agiiestion instrument that assesses five domains of health
related quality of life: daily activities; work or school performance; personal relationships; leisure;
and treatment®® Each question is scored from 0 to 3 and the individual items are summed to a
total score of 0 to 45 with higher scores indicating greater impairment. The PDI can also be
expressed as a proportion of total possible score.

VisualAnalog Scale (VASKin pain

VAS is a commonly used measure of paihich isalso used to assess the skin pain associated with
scaly plaques in psoriatic patients, which can have a serious impact on quality of life. This modified
version of the VAS isabed on a score of 0 (no skin pain) to 100 (severe skin pain).
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Visual Analog Scale (VA#3h

The VAS is also used to as a measure of pruritus assessment. Patients are asked to rate the severity
of their itching on a fivgooint scale, from no pruritus (0 points) to severe pruritus (5 points).

Psoriasis Symptom Inventory (PSI)

The PSI is ani&m measuremenin which patients rate the severity of signs and symptoms of
psoriasis from the past 24 hours. Each item is scored 0 to 4. Individual scores are samnureed
total score can range from 0 to 32 with higher scores indicating worse symptoms.

Psoriasis Symptom Diary (PSD)

The PSD measures the impact of psoriasis treatments on daily activities. Patients report disease
severity on a scale of 0 to 10 on 20 psoriagiscific signs and symptoms, including itching, pain,
scaling, flaking, and chges in skin appearance.

Psoriasis Symptom and Sign Diary (PSSD)

The PSSD is a patiengfported instrument that assesses severity of six psoriasis symptoms (itch,
skin tightness, burning, stinging, and pain,) and five signs (dryness, cracking, scaling,
shadding/flaking, redness, and bleeding) with a summary score between 0 and 100.

Hospital Anxiety and Depression Scale (HADS)

The HADS is a 4#m scale that scores anxiety and depressi@even items are related to anxiety
and seven are related to depressi Each item is scored 0 to three to generate anxiety or
depression scores of 0 to 21, with higher scores indicting more anxiety or depression. A score
above eight is a generallysed cutoff indicating a possible diagnosis of anxiety or depression. The
HADS is used for screeniogly anddoes not represent a clinical diagnosis.

Work Productivity and Activity Impairment (WPAI)

The WPAI consists sixquestions about current employment and, in the pastendays, hours

missed due to health problemspbrs missed for other reasons, hours worked, productivity

AYLI ANNYVSYG Fd 62N] o0aLINBaSyadSSAavYeéosx FyR LINEBRdzO
reported on a percentage scale from 0 to 100 in four domains: percent work time missed due to

heath; percent impairment while working; percent overall work impairment; and percent

impairment due to health.

Worker Productivity Index (WPI)

The WPI combines an objective absenteeism measure and a subjective presenteeism (i.e., attending
work whileil)mé 8 dzNB Ay id2 | YSI&adaNB 2F aqid2d0Ff f2a0G K2 dzN

©lnstitute for Clinical and Economic Review, 2018 Pagel2

Evidence Reporfargeted Immunomodulators for Plaque Psorig€endition Update
Return to Table of Contents




Work Limitations Questionnaire (WLQ)

The WLQ ia selfadministered instrument of 25 itemsyhichmeasures four domains of work
limitations, including physical, time management, mesitéérpersonal, and output demands.

Visual Analog Scalproductivity

Although more frequently used in arthritis pants, the VA$roductivity scale can also be used to
measure work productivity in psoriasis. Vg8ductivity is measured on aID scale, indicating no
impact to severe impact on productivity at school, home, or work.

1.41Insights Gained from Discussie with Patients and Patient Groups

In the development ofhe 2016 reporf® ICER had conversations with and received input from
patient advocacy groups, including the National Psoriasis Foundatidrindividual patient$®

These conversations highlighted the shortcomings associated with clinical trial outcomes in many
studies of psoriasis therapies, frustrations with the heeadtre system, as well as the social,
emotional, and financial impact of psoriasifiese issuewere presented by the National Psoriasis
Foundation at the ICER public meetowthe topic?"2°

Certain aspects of research into psoriasis are not patientered. Many of the tools developed to

measure outcomes were not developedpatientcentered perspectiveand psoriasispecific

patient-centered outcome measures are limited (although the Psoriasis Symptom InvéR&jry

and thePsoriasis Disability Ind¢RRD] are being used; see belowit an FDA meeting in 2017 on
PatientFocused Drug Development for Psoriggatientsrated flaking/scaling and itching as a

having a more significant impact on their quality of life than thehraself®? Simple body surface

area (BSA) measuremerabpsoriasis involvement do not consider the greater effect that lesions

particular areag;such as the nails, genitals, scalp, face, flexural areas, palms, and soles ofthe feet

K &3S 2y |y AYRAGARdZ f Qa | dzI f Aéraye tedimehtkeIpSndes t | G A S
described in clinical trials may not capture individual patient variability.

Up to half of patients are dissatisfied witheir psoriasis treatment’23 Dissatisfaction may be due
to the unpredictable effectiveness afanyagentsto treat psoriasispoor tolerability, lack of

durable response, and lack of access to medications because of coverage restrictions 9r costs.
Patients also expressed frustration with misdiagnoses and delayed diagndsesime from onset
to diagnosis for plaque psoriasis averages two yearpsoriasis diagnosis may be delayed even
further in those with darker skin tones.

In addition to delayed diagnosis, racial and ethnic minorities appear to have a higher prevalence of
psoriasis, more severe disease, more common misdiagravgisnore frequent nortreatment;
they are less likely to be included in clinical triafurthemore, in aMedicarepopulation, black
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patients were 70% less likely to have received biologics for their psoriasis compared to white
patients8

For all patientstreatments forplague psoriasis may be challengirigcan be difficult to apply

topical therapies, especially when the affected area involves the scalp or covers a large part of the
body. Therapies caalsobe inconvenient to use; some require multipigections on a daily or

weekly basisespecially initially, during inductiodPatients need to consider time and travel for
administration ofphototherapy andnfused therapy. Psoriasis is a chronic disease that requires
management over a lifetime, pentially during the treatment of other chronic conditions, including
cancer.

Psoriasis affects social functioning. Patients with psoriasis often feel the need to make different
clothing choices to hide psoriatic skin. Patients with psoriasis may modghaiees of activities,

such as swimming. Because of different clothing choices, the manifestations and difficulties faced
by people with psoriasis may not be visible to others. Children with psoriasis, especially teens, face
teasing, bullying, and shumy because of the visible effect of the disease. Many find that some
people seeing the lesions conclude the patient has a communicable disease.

Plaque psoriasis has both psychological and emotional effects. The psychological impact of severe
psoriasids comparable to that of diabetes or depressidPsoriasis is associated with a higher
likelihood of having depression, anxiety, and suicidal ideafi§hSome patients reported somatic
manifestations of psychiatric disease or emotional difficulties, including Gl symptoms and
hypertension.

Patients are concerned about lack of access to treatment because of inadequate insurance

coverage, out of pocket costs, and future availability of drugs to treat their disease. About half of

patients with psoriasis are either undertreated or not treaf8énd one of the main reasons is the

cost of therapy. Patients are frustrated that they are being forced to start treatment with less

efficacious medicatig & RdzS (G2 Ayadz2NF yOS NBIdANBYSyida F2N a:
G LINBEF SNNB R Y SPRienBhré disa fyustrated by [ALK of dharity in the exception

processand timing in many plans, reporting that their physicians not always sie¢ how to get

through a step therapy process even when that patient is an appropriate candidate to move on to a

more advanced treatmentln addition, switching insurance or withpian coverage changes might

require movement to another step therapy appréa&Z ¢ KA OK 2F 1Sy NXBIjdzA NB&a Lk
with previouslytried medications. Patients are anxious that individual drugs will stop working for

them and want access to alternatives. Another source of frustration is that coverage decisions for
biologcs often seem to be dictated by othautoimmuneconditions, like rheumatoid arthritis,

which is a listed indication for many of the drugs of interest for this review.
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1.5. Potential CostSaving Measures iRsoriasis

As described in its Final Value Assessment Framework forZmiS, ICER will now include in its
reports information on wasteful or loweralue services in the same clinical area that could be
reduced or eliminated to create headroom in health care bud@@téighervalue innovative
services (for more information, ségtps://icer-review.org/finatvat-20172019/). ICER encourages
all stakeholders to suggest services (including treatmentsnagchanisms of care) currently used
for people with psoriasis that could be reduced, eliminated, or made more efficient.

We did not receive any suggestions in response to the final scoping document or draft report. We
also did not identify recommendatiorspecific to the management of plague psoriasis from
professional organizations such as Choosing Wisely, the American Academy of Dermatology, or the
US Preventive Services Task Force
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2. Summary of Coverage Policasl Clinical Guidelines

2.1 Coveragd’olicies

We analyzed insurance coverage for treatment options for patients with modeoasevere

plaque psoriasis in six New England state Medicaid programs, and 13isiledrinsurance plans

on individual marketplaces across New EnglaRdrmulariesand prior authorization criteria were
obtained from documentation oplan sitesas reference documents fone specific marketplace

plans under review This plan survey does not necessarily present a weighted representation of
drug availability for memhbs on individual market plans in New Englamither, the survey

presents differences ihig and small regional plam®d how they maylesign their formularies
differently based on theisize A complete listing of plans surveyed, and key formulary designs, are
included as tables in Appendik

Across all plans, we analyzed formulary exclusions, preferred agents, benefit design, and step
protocols. All plans required an initial trial or contralication to systemic therapy such
methotrexate or phototherapy After the trial with systemic therapy, all plans covered at least one
TNP inhibitor as a preferred agent; nearly half of plans covered &vlas preferred; and over
two-thirds of plans ceered either an H17 or an IE12/23 therapy as a preferred therapyreferred
therapies still required prior authorizaticend required a trial of systemiberapy buthad lower
costsharingthan their nonpreferred counterparts.Certain norpreferred therapies such as
ixekizumab, guselkumab or apremilast, often required trials of systemic therapy, followed by one,
two, or three other specialty medications, before gaining acce$sdarug therapy.Some non
preferred therapies required up to five tisawith other drug therapies for treating moderate
severe psoriasisOur analysis diormulary designs is summarized in Table 2.1 below.

Importantly, it appears that a marked shift in coverage policy has occemee our 2016 review.

At that time, TNF inhibitors were theonly preferred agents in nearly all plans, andst insurers
required patients to step through adalimumab and/or etanercept before attempting treatment with
an agent from another classn fact, inour 2016 analysis, ontwo plans offered secukinumab and
ustekinumab as preferred drug therapies for treatmein.2018, the landscape has shifted so that
nearly twothirds of plans surveyed offer at least one other preferred agautside theTNF

inhibitor class.

Still, newer agents, such as brodalumab and guselkuneafainunlikely to be covered; and
apremilast and ixekizumab amsostlikely to seeseveralstep requirements.Table 2.Jpresentskey
findingsfrom our survey of commercial plans
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Medicaid

A fewNewEngland Medicaid prograntgvealso evolved in their coverage policgace our
analysis in 2016Five of the six statesontinue to prefer adalimumab and etanercept on their drug
list. However, two stateg Vermont and Maineg added secukinumab to thelist of preferred

drugs after treatment failure with adalimumatCoverage policies for New England state Medicaid
programs are summarized Appendix H in Table H2

Formulary Survegommissioned by National Psoriasis Foundation

A survey conducted b&valere for the National Psoriasis Foundation found that formulary coverage
for targeted immunomodulators fell between 20E917, with increased utilization management

and cost sharin§’ The analysis evaluatedrfaularies for both public and private payers. For
employer sponsored plans, coverage fell slightly from 88% in 2015 to 84% in 2017; however, in
general, therapies were placed on specialty tiers with higher cost sharing and had more restrictions
on use According to the study, coverage for targeted immunomodulators on Medicare plans fell
more drastically from 60% in 2015 to 40% in 2017. On the exchange market, coverage fell, and co
insurance for therapies averaged 37%, representing the growingfpbckd burden on patients

On Medicaid formularies, drug therapies were more likely to be listed agpreferred These

figures may be informed by the availability of more therapeutic options in each class, contributing
to more within class competition thatllow for exclusions; it may also reflect a general shift by
insurance companies to employ more utilization management and morest@stng burdens for
patients who need branded drug$till, it is clear from the survey that patients are feeling more of

a cost burden when seeking treatment for psoriasis.

©lnstitute for Clinical and Economic Review, 2018 Pagel7

Evidence Reporfargeted Immunomodulators for Plaque Psorig€endition Update
Return to Table of Contents




Table 2.1. Benefit Design fdireating ModerateSevere Plaque Psoriasis across New England Commercial Payers

# of Step edits

% of Plans Excludin¢ % of Plans Covering 0O 1 2 3+ % of Plans
Drug from Coverage Drug under Medical Covering as
Benefit Preferred

Agents
¢bCh AYKAOAIUZ2NH

etanercept 0% 0% 92% 8% 0% 0% 92%
infliximab 0% 54% 23% 8% 15% 0% 38%
adalimumab 0% 0% 100% 0% 0% 0% 100%
certolizumab pegol Approvedfor psoriasisn May 2018; Not included on formulariésr treating psoriasisit the time of survey
IL-17
secukinumab 0% 0% 46% 23% 31% 0% 38%
ixekizumab 38% 0% 0% 38% 38% 13% 13%
brodalumab* 54% 0% 0% 0% 33% 0% 0%

IL-12/23

ustekinumab 15% 23% 55% 27% 0% 0% 73%
IL-23

guselkumaby 69% 0% 0% 25% 25% 0% 25%

risankizumab Investigational Submitted to the FDA in April 2018

tildrakizumab Tildrakizumab was approved in March 20f@mulary status currently unknown

PDE4

11% 33%

0%

Apremilast 31% 0% 22%  44%
* brodalumab, guselkumab, and apremilast had incomplete information on step criteria.

** Qurvey was conducted in March 2018
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2.2 Clinical Guideline& Statementson Managing Care

From the Medical Board of the National Psoriasis Foundation: Treatmkmgetsfor Plaque
Psoriasis
http://www.jaad.org/article/S01969622(16)30909/pdf

In February 201/the National PsoriasiBoundationpublisheda paperin the Journal of the
American Academy of Dermatology (JAABJouraging clinicians to establish treatment targets for
their patients with plaque psoriasis order to monitor disease progression and evaluate patient
response tadruginterventions Based on consensus amodgrmatologists, angbatient focus
groups they recommend thaidermatologists measure body surface ar&sf as the most
practicaloutcomefor monitoring responséo treatment. The panel of expertdefined an
acceptable treatment responde a medical interventionvithin three monthsasBSA of 3% dess;
or 75% improvement from baselin®©ver maintenance therapy evesyxmonths, they suggested a
treatment target of BSA 1% or leds their discussion, the authors recognized the barriersae

in a real world setting and encouraged payers to improve accessibility to therapeutic options in
order to help patients achieve treatment succe3$ey do not suggest any specific drogs
sequenang of drug therapiesas that is not the intended purpose tifese treatment goalsRather
the purpose is to encourage a paradigm shift in care strategyprovehealthoutcomes.

American Academy of Dermatology
https//www.aad.org/practicetools/quality-care/clinicatquidelines/psoriasis

TheAmerican Academy of Dermatology (AA&@Ye published in 201 and precede FDA approval of
secukinumabixekizumab, and apremilast

The AAD guidelines recommend that patients Jiithited disease be treated with topicals and/or
targeted phototherapy. They do not recommend treating patients with limited disease with
systemic therapies that have higher levels of risk. Methotrexate, for instance, carries the risk of
hepatotoxicity,is contraindicated for several conditions, and can have drug interactions. For
extensive disease, the guidelines recommend treatment with topical treatments, phototherapy,
systemic therapies, and biologics, but do not prioritize among the targeted immadolators
(biologics) available at the time they were writtethe AAD is preparing an update to their
guidelinespecific to combination therapipr 2018.

NICE Guidelines
https://www.nice.org.uk/quidance/cq153?unlid=389990376201651723735

The UK National Institute for Health and Care Excellence (NICE) reviewed therapies and offered
guidancefor treatment. Theguidelines weranostrecently updatedn September 2017 NICE
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recommends progression from topical (mostly steroid) to systemichiologic therapy such as
phototherapy, methotrexate or cyclosporine before moving on to treatment witargeted
immunomodulator. After failure of noehiological treatment, they recommenraltrial period of
etanercept ixekizumabpr secukinumab for 12 weeksr adalimumalor ustekinumab for 16
weeks. Treatment response is considerad5% improvement fronbaseline in thé®?ASI NICE also
recommends secukinumab if a discount is availétam the company Infliximab is recommended
after failure of firstline treatment for those patients witlhiery severe psoriasis, which they define
asa PASI >28nd a DLQdf more than 18 In October 2016\ICE released a new determination
recommending apremilagor severe disease slystemic therapy fails tachieve treatment
responseandapremilast is provided at a discount.

European Guideline on Systemic Treatment of Psoriasis Vulg20is{ Update
http://www.euroderm.org/edf/index.php/edfquidelines/cateqory/5uidelines
miscellaneous?download=48%oriasisupdate-2017inclgradetables

An expert Europeapanel updated their 2015 guidelines with an addendurGaptember2017.

They stated thasystemidreatments have many unwanted side effects and toxicity but should be
first-line therapy. If phototherapy and older systemic agents are ineffective, contraindicated, or not
tolerated, they recommended treatment withNFh inhibitors or secukinumab Ust&inumaband
apremilastwere recommended as secoriahe therapy. Ixekizumabbrodalumah and guselkumab

were not included in the review.

British Association of DermatologisSuidelinesfor Biologic Therapyor Psoriasi2017
https://onlinelibrary.wiley.com/doi/epdf/10.1111/bjd.15665

Intheir 2017guidelines the British Association of Dermatologists updatexhtment guidelinesfor
biologics recommendindirst line treatment with systemic therapy, unless not well tolerated or
contraindicated or moving directly to biologic treatment ihe patient has eithea BSAor PASI
score of >1@r hassevere localized psoriasassociated with functional impairmenfs firstline
biologictreatment, they recommend ustekinumabgdalimumab(especially for patients with
psoriatic arthropathy), and secukinumabor second line treatmenthey do not recommend a
particular treatment. However, they suggest reserving treatment with infliximab for patients with
severe disease when other biologics are ineffectiwéhen biologic therapy fails, they suggest
supplementing treatment vii lifestyle interventions, systemic therapy, alternativielogic
therapy, or alternative methods of administration of therapyhe guidelines also make
recommendations for when to escalate dosage based on inadequate response and how to
transition between biologic therapy
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3. Comparative Clinical Effectiveness

3.1 Overview

To inform our analysis of the comparative clinical effectiveness of targeted immunomodulators for
moderateto-severe chronic plaque psoriasis, we abstracted evidence from available clinical studies,
whether in published, unpublished, or abstt form. The drugs and regimens of interest are

included inTablel.1

We included evidence from placefmmntrolled trials, buiconcentratedon evidence about the
comparative clinical effectiveness of these treatments compared to each other. Ouwridased

on key clinical outcomes common to plaque psoriasis trials, as well as symptoms and burdens of
psoriasis that are not wetlaptured by standard trial outcomes.

o Clinical Benefits
o Trial Outcomes
A Psoriasis Area and Severity Index (PASI): 5807300
A tKeaArAOAly Df2olf !'aasSaaySyd o6tD!I 0 2N L
o PatientReported Outcomes
A Dermatology Life Quality Index (DLQI)
A Other measures of healtrelated quality of life (e.g., Short Form [S6)
A Symptom control (e.g., Visual &png Scale [VAS], Psoriasis Symptom

Inventory [PSI])
o Harms
A Treatmentrelated adverse events (e.qg., rate of infections)
A Treatment tolerability (i.e., discontinuation due to adverse events)
3.2 Methods

Data Sources and Searches

Procedures for the systematiiterature review assessing the evidence on targeted
immunomodulators for moderat¢o-severe plaque psoriasis followed established best methods
used in systematic review resear&We conducted the review in accordance with the Preferred
Reporting Items for Systematic Revieand MetaAnalyses (PRISMA) guidelifé$he PRISK
guidelines include a checklist of 27 items, further dstailwhich is available in Appendix Table Al.

Since thisvasan update of the review conducted in 2016, we searched MEDLINE, EMBASE,
Cochrane Central Register of Controlled Tf@selevantstudies from the date of the last search
(June 28, 2016) to January 2, 2018 to update the evidence on the drugs included in the 2016
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review (AppendixA). For thefour new drugs added to the current review (guselkumab,
tildrakizumaly risankizumaland cetolizumab pegol), our search of the electronic databases
spanned fromJanuary 1996 tdanuary 2, 2018AppendixA). We limited each search tBnglish
languagestudies of human subjects and excluded articles indexed as guidelines, letters, editorials,
narrative reviews, case reports, or news itenTo supplement the above searches and ensure
optimal and complete literature retrieval, we performed a manual check of the references of recent
relevant reviews and metanalyses.Other grey literature soues included submissions from
manufacturers of psoriasis therapies that were ntherwise publicly available, as well as data
recently presented during the American Academy of Dermatology conference from Febrd2@y 16
2018.

Study Selection

We included enmence from randomized controlled trials (RCTs), comparative observational studies,
and highquality systematic reviews where availabM/e excluded singtarm studiesandstudies

from an early clinical development phase (i.e., Phas@/B.included phas I studies only if they
evaluated unique subpopulations or outcomes not otherwise available in Phase |lIFdiasdly, we

did not include studies that evaluated targeted immunomodulators as part of combination
treatment.

In recognition of the evolvingvidence base for psoriasis, we supplemented our review of published
studies with data from conference proceedings, regulatory documents, information submitted by
manufacturers, and other grey literature that met ICER standards for review (for more infonmna
seehttp://icer -review.org/methodology/icergnethods/icervalue-assessmentramework/grey
literature-policy/). We excluded atracts which reported duplicative data available in published
articles or reported results from observational studies since it would be difficult, if not impossible,
to evaluate the methodological quality of these studies. We also did not include acgroes

from conference proceedings or regulatory documents onThd=h therapies given that these
treatments have been available for at least a decade and primarily haverp@emwed data

available.

Data Synthesis and Statistical Analyses

Data wereabstracted and summarized into evidence tables for all outcoKses AppendiB,

Tables B1-B3) and are synthesized in the text belown addition, because the treatments of interest
have usually not been directly compared, we developed quantitative, indirect comparisons among
all agents using a Bayesian network matelysis (NMA) fathe PASbutcome. Consistent with

prior published méhods° PASI 50,75 and 9@sponse outcomes from clinical trials were tabulated
to create numbers of patients imutually exclusive categoriesd(i, 60, <75, 5074,7589,%90);

these data were analyzed using a randeffects, multinomial likelihood model to generate
proportions of patients in each categonin adjusted model was specified with a covariate for
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placeboresponse ratavhich was assumed to be common acrossraitments andprovided a
control for known and unknown differences between study populations

TheNMA was conducted using JAGS software (version 4.3.0) via R using the R2jags®package.
Criteria for trialselection, statistical methods ariRicode are detailed idppendixF.
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Assessment of Level of Certainty in Evidence

We used thd CER Evidee Rating MatriseeFigure3.1) to evaluate the evidence fa variety of
outcomes The evidence rating reflects a joint judgment of two critical components:

a) Themagnitude2 ¥ G KS RAFTFSNBYOS 06SiGoSSy | GKSNI LISdzi
health be/ S F¢khé balance between clinical benefits and risks and/or adverse effects AND
b) The level otertainty in the best point estimate of net health benef.

Figure3.1. ICER Evidence Rating Matrix

Comparative Clinical Effectiveness

High
3 g D
S Certainty
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E Moderate
£ Certain
3 v . P/l .
5
L]
‘-}..d.| -+ c——lb
]
E Low

Certainty

Negative Comparable Small Substantial

MNet Benefit Net Benefit Net Benefit Net Benefit
Comparative Net Health Benefit

A = "Superior” - High certainty of o 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 Better” - Moderate certainty of o comparable, small, or substantial net health benefit,
with high certainty of at least a comparable net health benefit

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

C- = “Comparable or Inferior” - Moderate certainty that the point estimate for comparative net health
benefit is either comparable or inferior

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

Study Selection

Ourupdatedliterature search identified.,781potentially relevant references (see Appendix of
which45 references relating to ¥ RCTsnd two observational studig80 publications and 4
abstracts/conference presentations) met our inclusion critefimaddition, we included all 80
references relating to 36 individual RCasd eleven observational studgom the previous reviev®
In total, we included 25 references 063 RCTs and3lobservational studies. Primary reasons for
study exclusion includetthe evaluation ostudy populatiors or outcomes related specifically to
patients with psoriati@rthritis, othertypes of psoriasis (e.g., erythrodermio},psoriasis specific to
a location (e.g. genitgsoriasis, nail psoriasiahd norcomparative study design. Ustekinumab
and theTNFh therapies were the only treatments for which we found comparative obseraati
data that met our inclusion criteria. Additional details of the included references are described in
AppendixB, and the key studies are summarized in Table

Quiality of Individual Studies

As noted in the previous review, all the identified trialere rated to be ofyood or fair qualityusing
criteria from U.S. Preventive Services Task Force (USPSME rated13 of the newly identified

trials, of whichten were Phase lItp be of good or fair qualy usingthe samecriteria. Trials of

good quality had study arms that were comparable at baseline, the authors used valid instruments
to evaluate outcomes, and no differential attrition was observe&dir quality studies typicallysed
modified intenton-to-treat (MITT) as the primary method of analysi$Ve did not assign a quality
rating tothe remainingPhase IlI trialsifree risankizumatrials and oneheadto-head trial

between secukinumab and ustekinumdbat wereonly available in thgrey liteaature.

IncludedStudies

Of the53 individual RCTsve identified 48 key trialsA7 Phase 11l trial@nd one investigator
initiated trial), while the remaining five werBhase |l trials that gesented data on subpopulatien
of interest. Fourteenof the of the 8 keytrials are newly identied trials, of which 10 relate to the
four new drugs of interesttliree on certolizumalpegol three on risankizumajtwo on
guselkumabandtwo on tildrakizumab), and the remainirigur relatesto new studieon five drugs
in the 2016review (adalimumabpinfliximah headto-head between infliximab and etanercepnd
headto-head betweersecukinumab and ustekinumgab

We identified $ headto-head trials @ the new drugs: etanexept versus(certolizumabpegol
[CIMPACTandtildrakizumab [RESURFACE 2]); ustekinureedusrisankizumab [ULTIMMA 1 & 2];
and adalimumab ersusguselkumab [VOYAGE 1 and &l six studies includea placebe
controlledarm.
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In addition,we includedten head to head triad on the previously reviewd drugs:etanercept
versus(ustekinumab [ACCEPT], secukinumab [FIXTURE], ixekizumab [UNCOVHRa2dnd 3
infliximab PIECE; ustekinumab grsus(brodadumab [AMAGINE 2 and,3fcukinumab [CLEAR
secukinumab [CLARITarIdixekizumab [IXORS). Fiveof thesestudies (ACCEPTLEARCLARITY,
IXORAS and PIEQHIid not include a placebo arm

All thekey trialswere Phase llimulticenter, doubleblind, RCTsexcept forthe PIECHial
(etanerceptversusinfliximab) and the active comparator arms tife CIMPACT trigétanercept
versus certolizumab pegolPIECkvas an investigator initiatechulticentersingleblind study while
the CIMPACT was a Phase Ill, multicenter, dehlwel RCTs with a singtdinded active
comparator arms.Many of the trials removed blinding following the induction period, and some
also rerandomized patients to different treatment groups and measured outcomes at various
timepoints, making it difficult to evaluate the comparative durability of effect and harms across
therapiesbeyond the induction phaseMost studies required washout of prior therapies and
prohibited concurrent use of these treatments throughout the triaBudy populations had similar
AyOf dzaAA2y ONRGSNAI oxmy ePSANEBK3,XECRY2y{iKaxea&: L)Xt
psoriasis diagnosis, ameere candidates for phototherapy or systemic therapy

Studies were comparable with respect to age (range of mean503@ars, median: 45) and
duration of psoriasis (range of meand-22 years, median: 38 Across all studiesan average of
21% of patientgrange of means3% to ¥%)had psoriatic arthritis at baseline amath average of
16.9% (range of means: 0% t@%) of patients received prior biologic therap®f note, Ewer
patients weregenerallybiologicexperienced in the studies of the oldENFh drugs relative to the
newer therapiegMedian 0% vs 16.5%fBaseline PASI scores across triatged froml5to 33
(median 20) Given potential betweeitrial heterogeneitywe adjusted for the plagbo response

rate in our network metaanalysis which, to some degree, accounts for baseline patient differences
between studies as well as possible unknown confoundersaddition, we als@onducted a
subgroup scenarianalysis in our network metanalyss adjusting for other baseline variations such
as prior biologic exposure; the details and results of this analysis are discugggueimdk F

Subgroups

In the 2016 reportseveral populations were identified as being of special interest to stakeholders
asdescribed in the subgroups section of this repéttWe haveupdated the analyses for these
subgroups for the preent report(see Appendi¥). The characteristics of these subgroups are as
follows:

Asian StudiesWe separately considerednd described the outcomes in seviials (five phase |
andtwo phase llYhat were conductedxclusivelyn Asia(i.e., JapanKorea, Chia, andTaiwan),

plus a subgroup analysis of the ERASURE study. These trials were generally smaller (with the
exception of LOTUS, n=32)ith patientswho had a briefer duration of psoriasis (Median: 15
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years vs. 18 years from other studigsigher PASI score (Median: 28 vs. 20 in the other studies),

less prior experience with biologic therapy (proportion of previous biologics, median: 0% vs. 21% in
other studies) and lower BMI. We considered the Asian trials as a subgroup because of the
generally smaller study size and differences in patient characteristics from the worldwide studies.

Patients with Previous Biologic Therapy ExposW¥e alsoexamined abgroups of patients who

had and had not been previously treated with a targeted immunomodulatarnoted above,

fewer patients were biologiexperienced in the studies of the oldENFh drugs relative to the
newer therapies.Patients who previously esl biologic therapy might be less likely to respond to a
subsequent targeted immunomodulatofhus, we describe the results Hdtrials reporting this
subgroup analysis below.

Patients with Psoriatic ArthritisBecause up to a third of patients with psasis develop psoriatic
arthritis, we evaluated subgroupnalysisof psoriasis patients with and without psoriatic arthritis.
Patients with conomitant psoriatic arthritismight have more severe skin disease and might
respond better or worse to targetednimunomodulators than patient&ithout psoriatic arthritis.
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Table3.1. All Phase lIStudies(New Sudies are Bolded)

Total Induction  PASI, Psoriasis Previous
patients period (mean) duration  biologics,
(WEELS) VCEID) %
Placebo Controlled Studies with or without Active Comparators
Adalimumab®+°7 REVEAL 2,077 16/12 24 44 16 2 20
CHAMPION
Asahina, 2010
Cai, 2017
Etanercept®®104 Papp, 2005 3,775 12 20 44 17 6 25
Leonardi, 2003
Tyring, 2006
Stroker, 2011
Gottlieb, 2011
Bagel, 2012
Bachelez, 2015
Infliximal!0>108 EXPRES& Il 1,396 10 23 43 17 8 25
Yang, 2012
Torii, 2016
Certolizumab Peg8P23° CIMPASI1 &2 1,020 16/12 20 46 18 30 18
CIMPACT
Ustekinumal?3109112 PHOENIX"%& 2,566 12 23 44 17 25 21
2’7
Igarashi, 201’2
PEARL
LOTUS
Secukinumap'*15 FEATURE 2,403 12 22 45 18 26 20
JUNCTURE
ERASURE
FIXTURE
Ixekizumald16117 UNCOVER ¥ 3,866 12 24 46 19 27 NR
&3
Brodalumald811® AMAGINE 127 4,373 12 23 45 19 33 22
&3
Apremilast12012 ESTEEM@& 2 1,505 16 19 46 19 31 NR
LIBERATE
Guselkumaf 3132 VOYAGE"& 2" 1,829 16 22 44 18 21 19
Tildrakizumaly 32 RESURFACR1 1,862 12 20 46 NR 17 NR
2‘7
Risankizumah34 3° UtIMMA-1* & 1,504 16 20 48 NR 42 NR
2*‘:,
IMMhance*
Headto Head Studies
Etanercept Infliximab*'?2 PIECE 48 12 17 44 20 15 11
Etanercept/Ustekinumap?® ACCEPT 903 12 20 45 19 11 28
S E RSB Eteall CLEAR 679 12 22 45 18 14 19
Ustekinumab/ Ixekizumaf?® IXORAS 302 12 20 44 18 14 NR
Ustekinumab/ Secukinumab [N&WAZia% 1,102 12 21 45 17 22 NR

*Only available in the grey literaturas 0fJune2018; MAsian population only¥New drugs/studiegnot in 2016
review) 4Placebo controlled trials with active comparators.
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Clinical Benefits

As in the 2016 reviewhe primaryendpointfor mosttrials wasthe proportion of patients achieving

PASI 75 at the end of the inductiperiod. However five newtrials relating toguselkumab

(VOYAGE 1 &2apdrisankizumal{ULTIMMA 1 & AMMHANCE andone headto-head trial

between ixekizmab and ustekinumab (IXOFS) and two heado-head trials between

secukinumab and ustekinumab [CLEAR and CLA#ECHled PASI 90 as their primanydpoint

The duration of the induction period varied by agianeek 10 for infliximab; week 12 for
etanercept,ustekinumab secukinumabixekizumabhbrodalumab, and tildrakizumahbveek 16 for

apremilast guselkumaband risankizumab; week 12 or 16 for adalimumab and certolizyvegiol

Other clinical outcomes inatled the proportion of patients meeting additional PA8esholds

(e.g.,.50Mn N0 2N I OKAS@GAY3I I &a02NB 2F n 2NIm 6a0f Sl
Assessment (PGAIL Yy @S & (A 3 02 NXN& D fathdughfthede weredtcandisteyyi o L D! 0
reported. Patientreported outcomes, including quality of life, were primarily based on mean

change or proportion of patients achieving a score of 0 or 1 on the DLQI (indieatintittle tono

diseaseeffect on quality of life); other quality of life instruments, suchtas SF36, werenot

commonly usedMeasures of symptom control, such as VAS scales for itskirgpain, as well aa

recently validated tool for assessing symptom control in psaripatients Psoriasis Symptom

Inventory [PSI]were infrequentlyemployed

All dataused in the NMA arbased on the FDApproved or proposed dosing at the end of the
induction period for each drugith the three exceptions. First, for secukinumafhile the drug
label indicates that 150mg may be appropriate for some patiemésincluded just the300mg dose
in our NMA Second, althougkDAapproved dosindor ustekinumaks weightbased neither the
placebacontrolledtrials nor the ACCEPT study randaed participants based on weight; other
direct comparison trials (i.e., IXOBAAMAGINE 2 and 3, and CLEAR) assigned pétigints
appropriateweightbased dose So, we presnt the dataseparately for the ustekinumab doses in
the description of the plagbo-controlled trials and poled all arms into one for the network meta
analysis Third,the FDAapproved dosindor certolizumab pegol is also weigbased(although,the
dosing in the trials were random and not weight basddowever, gnilar to ustekinumab, e
presented thedata separately for the twdifferent dosesin the description of the trials and pooled
all arms into one for the network metanalysis.

In addition, although the LIBERATE trial included the approved dose of apremilastiiatigne
etanercept arm received a maintenance dose (i.e., 50 mg once weekly); the study was also not
statistically powered to detect differences between the agems such, the PASI outcomes from
the etanercept arm were not included in the NMA, andyocomparison of apremilast to placebo
are described in the sections that follow.
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Psoriasis Area Severity Index (PASI)
PASI

1 All targeted immunomodulators showed statisticalgignificantly higher PASI5, PASI 90
and PASI 10€esponse rates in comparison to placebo at the end of induction (10 to 16
weeks, depending on agent).

1 In direct comparative trialof the new agentsguselkumabwas superior to adalimumab;
tildrakizumaband 400mg certoliamab pegol weresuperior to etanerceptand
risankizumabwas superior to ustekinumab 200mg ertolizumabpegolwas not
significantly different from etanercept.

1 Direct comparative trials of the older agentshowed thatustekinumab, secukinumab,
ixekizumaband infliximabwere superior to etanercept; secukinumab, ixekizumab, and
brodalumab were superior to ustekinumab.

The percentages of patients achievirgSI’5, PASI 9aGnd PASI 10fsponserates at the end of
the induction periodvasstatistically-significantly greater foall immunomodulatorcompared to
placeba The range of PASI responses in the intervention and placebo groups acroderttlas
new drugs guselkumab, tildrakizumab, risankizumab and certolizupegp) areshownin Table
3.2 None of the new agents reported PASI 39 .individual placebaontrolled RCTSs, the
incremental proportion of patients achieving PASI 75 above placebo within triaBlWaso 69%
for certolizumab pegotliree trials); 363" 78% to 8% for guselkumakiyo trials)$>*256% to 60%
for tildrakizumab tvo trials)2 and 80% for risankizumdbne trial)®®* The incremental proportion
of patients achieving PASI 75 for the other drugs compared to placebo dithanoge from what
was previously reported in the 2016 repdsiee Appendi¥, TableE2 for PASI responses on all

drugs.

Table3.2. PlacebeControlled Trialon New DrugsRanges of PASI Response Rates across ‘Trials

Treatment PASI 50 PASI 75 PASI 90 PASI100

Placebo Tx Placebo Tx Placebo Tx Placebo

Tx
CErtolizumab " [T 6781 412 3653 05 NR NR
200mg : ; :
CEHOliZUMEDT ST 7 412 4 NR NR
P 583 4 355 05
Guselkumab

NR  NR 8691 68 7073 23 3437 1
Tildrakizumab

NR  NR 6266 6 3539 13 1214 01
Risankizumab

Dataavailableonlyin the grey literature as afune2018;
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We identified six heatb-head RCTs on the new drugsd three of the trialshowedstatistically
significant differences between treatments in PASIresponssafter the induction periodTable

3.3) Guselkumab was superior to adalimumab in two trials (70% & 73% vs. 47% & 50%, p<0.001);
3132 gandtildrakizumab was superior to etanercept inetrial (61% vs. 48%; p<0.00%)

In the CIMPACT trial, although a higher proportion of patient2@fmgcertolizumab achieved

PASI 75 compared to etanercept at 12 weeks (61% vs. 388, was no statistichl significant
difference between the two agenf8.However, the 400mg dose of certolizumab pegol was
significantly better than etanercept in achieving PA%(67% vs. 53%; p=0.02)We found no

publicly availablé®ASI 78latafor ULTIMMA 1 & 2 (risankizumab vs. ustekinumab), however, PASI
90 results from these trials were presented in a conference abstract, and risankizumab was shown
to be superior to ustekinumab in the twoidls (ULTIMMA 1: 75% vs. 42%; ULTIMMA 2: 75% vs.
48%; all p<0.00%.

Longer term results available on three trials on the new agents showed that guselkumab remained
superior to adalimumab at week 48 (PASI 90: v6%48%; p<0.001) in one tridland

risankizumab remained superior to ustekinumab at week 52 inttiats (PASI 90: 82% & 81% vs.
44% & 51%, respectively; p<0.061).

As noted above, four of the hedd-head trials on the new drugelating to guselkumab (two trials:
guselkumab vs. adalimumab) and risankizumwaio rials: risankizumab vs. ustekinumab) specified
the PASI 90 response as their primary endpofit.four showedstatisticallysignificant differences
between treatments in PASDresponsesin favor of the new agents (sdeable3.3). In addition,
tildrakizumab was also shown to be superior to etanercdfpbwever, inferential statistical
comparisons of certolizumab pegol and etanercept was not conducted on PASI 90 response in the
CIMPACT trial.

In addition to the above trials, we identifiddio head-to head trials on the old drug€Oneis an
investigator initiated heado-head trial between infliximab and etanercegnfliximab was found

to be significantly differento etanercept inachievingPASI 75 response (76% vs. 22%, p<0.0801),
but there was no statistical significant difference between both agents in achieving PAS 90 (se
Table3.3). The otherstudyis a heaeto-head trial betweersecukinumab and ustekinumab
[CLARITY]Secukinumahvas found to be superior to ustekinumab on both PASI8B86 vs. 74%;
p<0.0001)and PASI 9(B7% vs48%; p<0.0001) responsasweek 12126 Findings on theight

other headto-head trials on the ther agents included in the 2016 revieskhowed that

ustekinumab, secukinumab, and ixekizumab were superior to etaneraagsecukinumab,
ixekizumab, and brodalumab were superior to ustekiralb (se2 AppendixE, TableE3).
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Table3.3. Comparative Trials: PASI Responses
Trial Treatment PASI 75 p-value PASI 90 p-value PASI p-value

100

New Drugs

VOYAGE 1 Adalimumab
Guselkumab 91 73 37

VOYAGE 2 Adalimumab 69 <0.001 47 <0.001 17 <0.001
Guselkumab 86 70 34

CIMPACT Etanercept 53 27.1 NR
Certolizumab 200mg 61 NS 31.2 NR NR NR
Certolizumab 400mg 67 0.02 34 NR
IN=SIUHA®ISY Ftanercept 48 <0.001 21 <0.001 5 <0.001
Tildrakizumab 61 39 12

OIREI\ASE  Ustekinumab Redactl4 N/A 42 <0.001 12 <0.001
Risankizumab Redactll 75 36

U1 I\AWAS  Ustekinumab Redactl3 N/A 48 <0.001 24 <0.001

Risankizumab Redactl5 75 51
New Evidence o®ld Drugs
Etanercept 22 00 0 005 0 NS
I infliximab 76 20 4
CLARITY Ustekinumab 74 <0.0001 48 <0.0001 20 <0.0001
Secukinumab 88 67 38

"Only available in the grey literature aslne2018; NR not reported See Appendix E for other comparative trials;

Network Meta-Analysis of PASResults

Given the paucity of heatb-head data comparing treatments, we performed indirect comparisons
of PASI response using Bayesian network raatayses (NMAs)AnNMA was felt to be

appropriate as the populations of the individual trials were suéittly similar. We included all
identified Phase Il trialsincluding the studies conducted in exclusively Asian populaitiotihe

NMA. Further details on our methods, including data input tables, network diagrams, league tables
of results,and sensitrity analysican be found in Appendix Briefly, we used a randosmffects
approach. For the primary analysis, we also adjusted for the placebo response rate in eath study
accountfor baseline patient differences between studies (for example, dilverbaseline severity

and the proportion of study subjects who previously used a biologic treatment) as well as possible
unknown confounders.

Our base casaetwork metaanalysisconfirmed our descriptive findings, namely tredt
immunomodulatorswere sigrificantly more likely to achieve PASI 50, PASI 75, PASI 90 and PASI 100
responses compared to placelseeTable3.4). Allbiologics wereapproximately9-17 times more

likely to achieve PASI 05 better response when compared to placedile apremilast was about
seventimes more likely to achieve PASIatSbetter.
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Resultof the headto-head comparisong/ere consistent withthe direct evidence from thbead
to-head trials showing thaguselkumab wastatistically significantly bettethan adalimumab;
ixekizumab, secukinumalmfliximab, ustekinumabcertolizumab pegoand tildrakizumab were
statistically significantly better thaetanercept;andrisankizumabixekizumab, brodalumaland
secukinumalwere statistically significantly bitr thanustekinumab(seeTables 3.5).

On relative effectivenessf the PASI measusfmeasured as relative risk (Rit)achieving PAS75

or 90responsesiuring inductior), two of the anttlL-23 agents (risankizumab and guselkumait),

three 1-:17 agents (ixekizumab, brodalumab and secukinumab), and inflixathabadsimilar
effectivenesson PASI respons@hese agents did not differ statistically, as the likelihood of
achievingPASI 7%r PASI 9@esponse included 1.0 (no differe@) in the95%credible intervals (see
Tables 3.5). These agents were statisticaflignificantly more effective in terms of PASI 75 BA®I

90 outcome tharadalimumabustekinumab 45/90 mg;ertolizumab pegol 200/400mg,

tildrakizumab etanerceptand apemilast | 2  SASNE A1 Qa AYLRNIFIYyG G2 y2i
risankizumab included in the NMA were obtained from grey literature or data submitted as

G OF RSYAO Ay 02y T7TARSAfaisumatiustekitumsh 4590 yhgteFtoliimazNG NJ
200mg/400mgandtildrakizumabdid not differsignificantly, and all were significantly better than
etanercept and apremilast.

We also conducted two subgroup analyses: 1) we assessedmatitinal studies separately, by
excluding all seven Asian studiesd 2) we asessed the biologic experienced studies separately, by
excluding studies 11 studies that had only biologic naive patients or had previous biologic exposure
in less than 5% of their patient populatioithe results of the two subgroup analyses wgemeraly
similar to our base case NMA (s&ppendixF), and the relative ranking of the agents were

preserved demonstrating that these characteristics did not meaningfully impact our analyses.

Table3.4. RelativeRisks andQedible Intervals of Treatments Compared to Placebo

Treatments PASI 50 PASI75 PASI90
RR 95% Crl RR 95% Crl RR 95% Crl

Risankizumal¥ 6.22 4.84 8.14 16.54 12.00 23.47 55.87 37.90 83.87
Ixekizumab 6.21 4.84 8.18 16.53 1194 23.32 5562 37.95 82.83
Guselkumaby 6.18 4.82 8.08 16.27 11.76 2290 54.01 36.80 80.71
Brodalumab 6.15 4.79 8.05 16.05 11.63 2259 5250 3551 77.94
Secukinumab 6.05 4.74 7.87 15.43 11.33 2142 48.37 3356 70.40
Infliximab 5.94 4.70 7.65 14.81 1097 20.31 4459 31.37 64.62
Adalimumab 5.61 4.49 7.17 13.12 9.91 17.67 36.10 26.04 50.76

Ustekinumab 5.61 4.47 7.13 13.08 9.93 17.48 3581 26.01 49.70

Certolizumaly 5.54 4.42 7.03 12.74  9.50 17.03 34.28 24.14  48.26

Tildrakizumat¥ 5.27 4.25 6.66 11.60 8.84 15,50 29.32 21.01 41.40

Etanercept 4.72 3.92 5.77 9.51 7.60 12.09 21.34 16.54  28.02

Apremilast 3.83 3.20 4.67 6.74 5.30 8.68 12.79 9.32 17.63
*Input for NMA wasexclusively from unpublishegkey literature andsupplementary data submitted kthe
manufacturer ¥New drugs Crl: credible interval
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Table3.5. BaseCaseNMA: LeagueTable of PASI 79esponse

Risankizumab

(0.961, 1.05) Ixekizumab
1.02 1.01
(0.96,1.08) | (0.96,1.07) [hiaasiiad
1.03 1.03 1.02 T
(0.98, 1.09) (0.98, 1.08) (0.96, 1.07)
1.07 1.07 1.06 1.04 S — ‘
(1.02, 1.14) (1.02, 1.13) (0.99, 1.13) (0.99, 1.1)
1.12 1.11 1.1 1.09 1.04 Tty
(1.04, 1.22) (1.05, 1.21) (1.02, 1.2) (1.02, 1.18) (0.97, 1.12)
1.26 1.25 1.24 1.22 1.17 1.12 F—
(1.17, 1.38) (1.16, 1.38) (1.15,1.35) | (1.13,1.34) (1.08, 1.28) (1.03, 1.24)
1.26 1.26 1.24 1.23 1.18 1.13 1.01 T
(1.18, 1.37) (1.18, 1.36) (1.16,1.35) | (1.15,1.32) (1.11, 1.26) (1.05, 1.22) (0.93, 1.08)
1.3 1.29 1.28 1.26 1.21 1.16 1.03 1.03 ——
(1.18, 1.47) (1.18, 1.46) (1.17, 1.44) | (1.15, 1.41) (1.1, 1.35) (1.05, 1.3) (0.94, 1.15) (0.94, 1.14)
1.42 1.42 1.4 1.38 1.32 1.27 1.13 1.13 11 ._
Tildrakizumab
(1.26, 1.66) (1.26, 1.66) (1.24, 1.64) (1.23, 1.6) (1.17, 1.54) (1.12,1.47) (1,1.31) (1, 1.29) (0.95, 1.27)
1.74 1.74 1.71 1.69 1.62 155 1.38 1.37 1.34 1.22 Etanercept
(1.54, 1.98) (1.55, 1.98) (1.52,1.95) | (1.51,1.92) (1.45, 1.82) (1.4, 1.73) (1.25, 1.54) (1.27, 1.5) (1.2, 1.5) (1.07,1.38)
2.44 2.43 2.4 2.37 2.28 2.18 1.94 1.93 1.88 171 1.4 JU——
(1.98, 3.12) (1.97, 3.11) (1.95, 3.03) (1.92, 3) (1.85, 2.87) (1.78, 2.75) (1.61, 2.4) (1.6, 2.38) (1.54, 2.34) (1.39, 2.14) (1.17, 1.72)
16.54 16.53 16.27 16.05 15.43 14.81 13.12 13.08 12.74 11.6 9.51 6.74
(12,23.47) | (11.94,23.32)| (11.76,22.9) | (11.63,22.59)| (11.33,21.42) | (10.97,20.31)| (9.91,17.67) | (9.93, 17.48) (9.5, 17.03) (8.84, 15.5) (7.6,12.09) | (5.3, 8.68)

Legend: The interventiorare arranged from most effective (top left) to least effective (bottom rigiiiach box represents the estimated relative risk and 95% credible
interval for the combined direct and indirect comparisons between two driggimates in bold signify thahé 95% credible interval does not contain 1
*Input for NMA was exclusively from unpublished grey literature and supplementary data submitted by the manufacturer;
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PhysicianGlobf ! aaSaavySyid 2N Ly@SadAa3alr 2N Df 2ol !

Physician Global Assessment (PGA) or Investigators Global Assessment (IGA) were generally

consistent with thePASI results All immunomodulators showed statistically significantly higher

t D!' 2NJ LD! 2F WOfSIFNkIfY2ad Of SI N llKhegdtor I OSo 2
head trialsof the new drugsguselkumab was superior to adalimumab; and risankizumab was

superior toustekinumab. Tildrakizumab was not significantlgifferent from etanercept.

Headto-head trials of the older agentshowed thatustekinumab, secukinumab, and ixekizumab
were superior to etanercept; seikinumab, ixekizumab, and brodalumab were superior to
ustekinumab.

All immunomodulators showed statiséitty significantly higher efficacy on PGA/IGA compared to
placeba Acrosghe trialson the new drugsthe rangeof PGA/IGA response rates wel®% t09%
for placebo,84% to 85% for guselkumdh32 55% to 58% for tildrakizumats,84% to 8% for
risarkizumab?*3% and 8% to72%for 200mgand 400mgeertolizumabpegol?°3°

All sixheadto-head RCTan the new drugs reported IGA or PGA respomsevhich fourfound

statistically significant differences between treatmefdiowing the induction period The pattern

of response rates and differences between treatments were similar to those of PASI response.
Guselkumab had a higher proportion of patients achieve IGA scores of 0/1 than adalimumab in two
trials (85% vs. 66% in VOYAGE 1 and 84% vs. 64%AG¥R; p<0.00F},22 and risankizumab had

a higher proportion of patients achieving static PGA (sPGA) in two trials (63% vs. 88% in ULTIMMA 1
and 62% vs. 84% in ULLTIMMA>Z)here was netatisticalsignificant difference between

tildrakizumab and etanercept on the proportion of patients achieving PGA scores of 0/1 at 12 weeks
(55% vs. 48%; p=0.0%)The sixth heado-head trial (CIMPACT) did not reparferential statistical
comparisons of certolizumab pegol and etanerceptthe proportion of patients achieving PGA

scores of 0/1 at 12 weekkpwever,compared to the etanercept arnthe result waswumerically

the samefor 200mg certolizumab peg@®6 vs. 39%andnumericallyhigher for400mg

certolizumab pegol39% vs50%)3°

Longer term results showed that guselkumab remained superior to adalimumab at week 48 (IGA
0/1: 81% vs. 55%; p<0.001) in one tftadnd risankizumab remained superior to ustekinumab at
week 52 in two trials (SPGA 0/1: 86% & 83% vs. 54% & 56%, respectively; p%0.001).

Findingdrom the new heaeto head trial between infliximab and etanercept (PIECE) showed that
infliximab had a higher proportion of patients achieving IGA score of 0/1 compared to etanercept
(68% vs. 9%; p<0.00%¥.In addition, he new heaeto-head trial between secukinumab and
ustekinumab showed thaa higher proportion of patientsn secukinumalachieved IGA score 0/1
compared to ustekinumaht week 12(72% vs55%; p<0.0001i¢®
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As previously reported, evidence on all the other drugs were similar to the PASI responses, and
showed thatustekinumab, secukinumab, and ixekizumab were superior to etanerapgt;
secukinumab, ixekizumab, and brodalumab were superior to ustekinifab.

Dermatology Life Quality Index (DLQI)

DLQI results were generally consistent with PASI resuft targeted immunomodul&ors
statistically significantly improved quality of life relative to placebdn headto-head trialsof new
agents guselkumab was superior to adalimumalnd risankizumab was superior to
ustekinumab.

Headto-head trials of the older agentshowed tha secukinumab and ixekizumab were superior
to both etanercept and ustekinumab.

Quality of life was measured in the majority of studies we identified in our search, primarily using
the DLQI instrumentAs noted in previous report]ldargetedimmunomodulators statistically
significantly improved quality of life relative to placetfd&Gome studies evaluated theean DLQI
change(MCID defined as at least a-point reductior), othersevaluated the proportion of patients
achieving a DLQI score of 0 or 1 (indicating very little to no effect on quality pahftsome
evaluatedboth measures.

The meanDLQI change wasperted on two of the new drugécertolizumab and guselkumabJhe
meanabsolute difference between tlseinterventions andthe placebo groupvere as follows:
200mgcertolizumabpegol(-5.6 to -8.2; p<0.03,%°, 400mg certolizumalpegol(-6.3to -7.1),%°,
gusdkumab ¢8.7to -10.6, p<0.03.31%

We did not identify any data on@anchange irDLQI changé#or tildrakizumab andisankizumab
However,we found data orthe proportion of patients achieving@LQI score of O/fior these drugs
in 5 trials All trialsresulted in astatistically significangreaterproportionin favor of the
interventioncompared to placeboThe absolute differencdsetweentheseagents and placebo
were as follows:tildrakizumab 82%to 37%; p<0.0013 risankizumal{58% to 63%; p<0.003}%

In addition,the proportion of patients with a score of OMias reported in the guselkumab trials.
There was also significant differencen favor of guselkumabompared to placebgabsolute
difference:49% to 52%p<0.001)

In the headto-head comparisongyuselkumab achieved a statistically significantly greater
improvement on DLQI than adalimumab16 weeks irtwo trials; and significantly greater
proportion of patientson risankizumatachieved DLQI 0/1 compared to ustekimab(Table3.6).
There was no significant difference betwetddrakizumab andetanerceptat 12 weeksand no
headto-headDLQI evidence was reportéeétween certolizumab pegol and etanercept
CIMPACT.
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As previously reported, heat-head evidence onhie old drugs showed thasecukinumab and
ixekizumab were superior to both etanercept and ustekinum&beAppendixE, Table E3or
results ofthe otherheadto-head comparisons.

Table3.6. DLQI Outcomes Across Direct Comparative Trials

p-value DLQI p-value

0/1 (%)

VOYAGE 1 Adalimumab -9.3 P<0.001
Guselkumab -11.2 56

VOYAGE 2 Adalimumab -9.7 39 P<0.01
- Guselkumab -11.3 P<0.001 52
NESIUZNGI=S Etanercept NR NR 36 NS
- Tildrakizumab NR 40

ULTIMMA 1 Usteknumab NR NR 43 P<0.001
- Risankizumab NR 66

ULTIMMA 2 Usteknumab NR NR 43 P<0.001
- Risankizumab NR 66

*Only available in the grey literatursee AppendiEfor other comparative trials

Symptom Control

Measures of symptom control wer@consistently reported across triaBsnd used a variety of
instruments Guselkumabdemonstrated a statistically significant benefit over placelsing PSSD
measure

As noted in our previous report, measures of symptom control were inconsistently reported across
trials. In addition, a variety of instruments which includes a single symptom or a group of
symptoms, were used to assess symptom contiidiese instrumentgclude:Psoriasis Symptom
Inventory(PSI), Psoriasis Symptom Diary (PSD), Psoriasis Symptom and Sign Digpyr(if&sD

VAS Pain VAS, scaling etc.

We identified the two new placeboontrolled trials on guselkumab (VOYAGE 1 &2), assessing the
improvement from baseline in psoriasis symptom and sign diary (PSSD) €uselkumab resulted

in significantly greater improvement on PSSD score, compared to platdltoveekgsymptoms
mean change41.9 vs-3.0;signs mean changd4.6 vs. 4.1;ajp<0.01),3%'?7 and significantly

greater compared t@dalimumab at 24 weeks (symptommean change-44 vs.-36; signsmean
change-47.2 vs-40.1; all p<0.01).1%’

In addition, new data on one hedd head trial (IXORAS), showed that mean changes from
baseline in itch NRS and skin pain VAS, wetsignificantly different between ixekizumab and
ustekinumab.However, ixekizumalreated patients reported faster improvements than
ustekinumabtreated patients in itch and skin pal#
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Data previously reported on the old agents showed tlhaddalumab, secukinumab and apremilast
all demonstrated an improvement in symptom control using one or more of the instrument listed
above when compared to placeB®ln addition,headto-headcomparisons showesecukinumab

to be better than ustekinumalgon itching, pain and scaling relief), amdkizumatto be better than
over etanerceptVASskin pain’®

Worker Productivity

Positive effects on productivity were seentime few studies that measured itWe found no data
on productivity on any of the new drugs.

Very Bw studies measured worker paactivity. Instruments used to measure productivitytime
few trials that measured iinclude:Work Productivity and Activity Impairment (WPAMorker
Productivity Index (WRIWork Limitations Questionnaire (WL@)e the Definitions sectioof the
report for details about the productivity instruments.

We found no data on productivity for any of the new drugs.

In the previous reportgata was found on four agents (adalimumab, infliximab, ustekinumab and
apremilast), and aBhowed significant improvements compared to placeising different
measures of productivity® In additon, findings fromheadto-head trialsshowed thatixekizumab
demonstrated a statistically significant improvement over etanercept using WPAl@nhkd
productivity loss andsecukinumab was statistically significantly better than ustekinumab in
reducing preenteeismwork productivity loss and activity impairment on the WPAI

Sexual Function

Very few studies reportedexual function as an outcoméNe found no data on sexudlinction
on any of the new drugs.

We identified no data on sexual function for asfythe new drugs.

In the previous review we identifiedvb abstracts of head to head studiegt included data
showing superiority of ixekizumab over etanercept and secukinumab over ustekint##&b and
one publishedpooled analysis showed superiority of secukinumab over etanercépt.

Subgroup Analyses

Limitations in the evidence base preclude determining whether there are meaningful differences
in effectiveness within the subgroups of interesbutcomes were statistically significantly in
favor for all the agents available for review relative tplaceboacross subgroups.
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As previously mentioned, three subgroups were identified as being of particular interest to
stakeholders: patients with psoriatic arthritis; patients who have or have not previously received
biologic agents; and studies that werenducted in AsiaDetailed discussions of these analyses are
available in theAppendixE

Harms

Severe or serious adverse events were rare during treatmesdsopharyngitis, upper respiratory
tract infections,and headachesvere the most common side efttsnoted during the trials of
guselkumab, tildrakizumab, tildrakizumab and certolizumategol There was no indication of
increased rates of serious infections, malignancies, and major cardiovascular events for any of the
agents.

Adverse Events Duringnduction

Common®@PSNES S@Syida o! 9a0 U Kabwell & SpdairNNES & int&rght x p:7z
the guselkumab, tildrakizumab, risankizumab, and certolizumab &ralshown as trialveighted
averages in Table.7 (see Appendi¥, TableEs for all agents).We had limited data on the AEs
occurring in the unpublished risankizumab trials.

Most adverse events were mild or moderate. Severe or serious adverse events, death, and AEs
leading to discontinuation were rare amggnerallycomparable letween the treatment and placebo
groups. The most common AEmted during clinical trial;cluded mild infections (e.g.
nasopharyngitis, upper respiratory tract infections, etc.); injection site reactions for subcutaneously
administered drugsheadacheand nausea. There was no evidence of increased risk of serious
infections or malignancids the placebecontrolled trials Incident rates of candidiasis and other
opportunistic infectionsvere reported to be low and comparable between groups in all trials.

There were no reports of tuberculosis, demyelinating disease, or lymphoma in these trials. We also
did not find differences in risk of major adverse cardiac events (MAQH)ote, fve ofthe agents
included inour reviewhave bxed warningincluded intheir FDAlabel AIITNF" therapies
(adalimumab, etanercept, infliximab, and certolizumab pgfalve boxed warninfpr serious

infections and malignandyased on findings from rheunt@d arthritis trials, while brodalumab has

a boxed warning for suicidal ideation and behavior based on finding from psoriasis clinical trials
(AMAGINE 1 & Z¥

The types and patterns of AEs reported for these agents at longer timeddB&2 weeks)vere

similar to those reported during the placeloontrolled periods.In addition, comparative trials

reported generally similar rates and types of AB548 weeks in VOYAGE 1, proportion of patients
with AEs (74% vs. 75%), AEs leadirdjgocontinuation (3% vs. 4%) and serious AEs (5% vs. 5%) were
similar in theguselkumaland adalimumab groupt Similar pattern was observed between
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risankizumab and ustekinumab in ULTIMMA 1 & 2 at 52 w&elad between tildrakizumab and
etanercept in a pooleé analysis of RESURFACE2bder 52 to 64 week$!

Table3.7. AdverseEvents During the Placebo-Controlled Period

Guselkumab Tildrakizumab  Risankizumab  Certolizumab Certolizumab Placebo

200 400

Number of Patients 823 616 1005 350 342 1189
Week 16 12 16 12-16 12-16 12-16
Any AE (%) 49 46 47 53 58 50
Txrelated death 0 0.1 0 0 0 0
D/C due to AEs 1.3 0.5 0.5 1.1 1.1 13
Serious AEs 1.9 1.5 2.1 1.4 3.8 25
DN} RS o ! 9¢{NR NR NR NR NR NR

I2YY2y 194 200d2NNAY3I AYy xpmE: AY 2yS 2N Y2NB F3ISyi

Any Infections 23 NR NR 29 32 24
Nasopharyngitis 8 10 NR 11 11 79
Upper respiratory tract 5 1.5 NR 48 6 44
infection

Headache 4.5 NR NR NR NR 3.3

AEs of Interest

Malignancy excluding 0 NR 0.2 0 0.3 0
NMSC

NMSC 0.1 0.1 03 0 0 0.1
MACE 0.1 0.2 0 NR NR 0.1
Serious Infections 0.1 0.2 0.4 0 0.6 0.3

Longterm Adverse Eventsom observational studies

As expected, there is currently no loteym safety observational data on any of the new agents.

We previouslyeported bngterm safety data from PSOLAR (Psoriasis Longitudinal Assessment and
Registry)n our 2016 repor® Data from the identified studies suggestincreased rate of serious
infections for infliximab and other biologic agents relative to nonbiologic therapy, although not for
ustekinumab'®2133 There were no material differences on other safety concerns among the biologic
agents or in comparison with nonbiolegherapy. In addition,we identified one study that
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assessd drug survival, which is defined as the time from initiation of a biologic to

discontinuation'34 Result of the analysis showed that infliximab (Hazard ratio[HR]: 2.73;P = 0.0014);
adalimumab [HR: 4.16; P < 0.0001]; and etanercept [HR: 4.91; P < 0.0001] have statistically
significantly shorter times to discontinuation in fitsine biologic users, whecompared with
ustekinumab*34

Table3.8: Incidence ofAdverseEventsfrom the PSOLAR Registfy

Ustekinumab Infliximab Other Nonbiologics

biologics

Per 100 persoityears

All-Cause 0.36 0.45 0.42 0.70
Mortality

MACE 0.34 0.38 0.33 0.45
Malignancy 0.51 0.64 0.74 0.81
Serious 0.95 2.78 1.80 1.26
infections

MACE = majardverse cardiovascular events

Controversies and Uncertainties

Across thed8 key trials(47 Phase 11l and one investigator initiatétgntified for this review, only
sixteenwere based on heatb-head comparisons of the drugs of interest. As such, our network
meta-analyses of PASI response are largely driven by indirect evidence; however, our findings are
consistent with the results of heaih-head studies as well as with nassessment of relative
differences in PASI response in comparison to placebo, and our NMA findings are also comparable
to other recent assessments of the eviderié& Although PASI 78r PASI 9@vas reported as the
primary endpoint imearly allstudies other clinical outcomeg¢such as?GA/IGAmeasures of

symptom controlwere inconsistently reported across trials makimgssdrug comparisons

difficult. For exampleDPLQI was evaluated in just about half of the included trials, and not all trials
used the same standard of measurement, and other scales were not uniformly employed.
Additionally, many of the tools developed measure outcomes were not developeda patient
centered perspectiveand psoriasispecific instruments are limited.

Longerterm data on both drug effectiveness and harms were also variable; many studies
reassigned patients to different groups (mosthpssover to the intervention) and evaluated
outcomes at different time periodsAs suchwe could only confidently compare the comparative
efficacy of targeted immunomodulators at the end of the induction peri@dbservational data
were only availabléor ustekinumab secukinumaband the TNFh therapies which limited our
understanding of realvorld effectiveness and durability of benefit for many of these therapies.
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Trialsrequiredwashout of norstudy treatments prior to initiating targeted immunomodulators and
prohibited nonstudy treatments during the trialsProhibition of nortrial treatments permits

direct comparative evaluation of targeted immunomodulators with placebo & amother, but it

does not represent actual practice in which combination therapy (e.qg., topical use during targeted
immunomodulator treatment)s common

Assessments of reaforld effectiveness also are limited by lack of comparative data on non
standarddosing, whether increased (to preserve effectiveness) or decreased (to reduce costs).
Treatment durability and cost are both important factors in choosing a treatment for psorigsis.
uncertainty hinders our understanding of the relative effectivenafsthese agents.

We also did not identify any studies evaluating the potential association beteady aggressive
treatment and cardiovascular risk-here is some data suggesting that diminishing the psoriasis
related inflammation in the skin also deases the risk of cardiovascular diseas€3¢ while other
studies have suggested an associated between targeted immunomodulators and increased risk of
major adrerse cardiovascular event¥.This is a controversial topic, however, and larger and more
long term studies are needed to better understand the impact of biologic therapies on
cardiovascular outcomes in patients with moderate to severe psori#sis.

Finally, sbgroup data were primarily reported in conference abstracts and the interventions were
only compared statistically to placebo, thereby limiting our understanding of how outcomes may
differ across population type®.g., patients with pstatic arthritis or prior biologic experience)
Concerning the choice of the appropriatesttiine biologic therapy, there are current evidence
based recommendations available for some comorbid conditions in clinical praEticeexample,

in the presege of severe psoriatic arthritis, TMFnhibitors are recommended to be the preferred
options, while they are to be avoided for patients with multiple sclert/sixpert opinion, clinical
judgment and patient preferences will often determine the choice of the most appropriate
therapeutic option for many comorbiditie€d.Future studies should beragmaticin nature,

includng patients withthese type oftomorbid conditiongncountered in routie clinical practice

3.4 Summary and Comment

Using thelCER evidence rating matrour evidence ratings for the comparisons of interest are

provided in Tabl&.9; ratings are presented for the targeted immunomodulator listed in each row

relative to the comparator listed in each column. Note that comparisons to placebo are not

included in the table. As described previously, findings from placebtrolled trialsindicated

substantial improvements in clinical measures for all agemtse safety of any new therapy is an

important consideration Severe or serious adverse events were rare during sleom trials and

extension studies on these agentSo, alltargg SR A YYdzy2 Y2 Rdzf | G2 NJ NBOSA @GS
(i.e., high certainty of substantial net health benefit) relative to placebo.
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The presence of some direct comparisons allowed us to be reasonably confident abouatherel
net health benefit fothesecomparisons. However, because of the lack of many hedetad
comparisons, we relied on a network medaalysis to estimate the comparative clinical
effectiveness between many targeted immunomodulators (see AppendiR&i)ngs based on a
combination of direct and indirect evidence are highlighted in green in the table along with the
number of heaeto-head studies that informed the rating.

ICER Ratirg

There were two heado-head trials comparing guselkumab and adailmab(VOYAGE 1 &X)oth

of which showedncrementalbenefit forguselkumab over adalimumab in the percentage of
patients achieving various PASI threshoRISA/IGAesponseand DLQI outcomeln addition,

there wasa similar magnitude of benefit when imdct evidence was included. We felt that the
consistency of results across the two trials represeriteggh certaintyof a small net benefit for

3dza St 1dzyYlo 6da.¢é¢0 FYR 'y AYFSNA2NI ySid KSIf K

Similarly,unpublished evidence fronwo trials (ULTIMMA 1 & 23omparing risankizumato
ustekinumabconsistently showed greater benefit for risankizun@bvarious PASI thresholds,
PGA/IGA response and DLQI outcorAéthough there are currently npeer reviewed publiations
of these two Phase Iltials, the consistency athe results with the published Phase Il trfdandthe
magnitude of benefit whethe indirect PASkvidence was included, gave akigh certaintyof a
avYltft ySi oSy STA (wheh gompaned ta istgkinaniadlzY 1 6 o6& . € 0

In theone headto-head comparisonbetweentildrakizumaband etanercept (RESURFACE 2),
tildrakizumab resulted in a modestly bettBASI outcomésupported by network metanalysis),

and no difference on PGA and DLQI outcome, so we judged the evidence of tildrakizumab versus
etanerceptto represent a comparabi2 NJ 6 SG G0 SNJ ySiG K §IRE @dmparadlg & T A
inferior) for etanercept in this comparison.

Theone headto-head trialcomparng certolizumalbpegoland etanercept (CIMPACT) wasiagle
blind study which found natatisticaly significan difference betweerthe two agents on PASI
outcome when usin@00mg certolizumab pegoabut significantly better response when using
400mg certolizumab pegolnclusion of indirect evidenceombining both the 200mg and 400mg
armsyielded a significant impved outcome for certolizumabver etanercept However,we have

very limited evidence on the PGA and DLQI outcordasssuchweNJ 4§ SR (G KS S@GARSyO

002YLI NrofS 2NJ oSii $Mdnpafadlddr if&iddorztarferceftVnlthis | Yy R
compaison.

Ratings based on indirect evidence alone are highlighted in blue in the tabtéheseratings,
results of the network metanalyses represented the only guide with which to judge the evidence.
Drugs with evidence of net health benefit were @il 6B+ or aC+ based on the observed
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magnitude of benefit, and their comparators receivedé@ NJ {mbdéiate certainty of
comparable or inferior net health benefit). In situations where the credible interval (the Bayesian
equivalent of the confidece interval) crossed 1.0, the evidence was rated | (insufficient) for both
directions of the comparison.

2SS faz2 O02yarRIARBRNI KT TGOS O A yrir 2xarlleshedivdhawf OS NI G A
moderatecertaintyof an incrementabr better net health benefitof risankizumab over

ustekinumaband moderate certainty that ustekinumab provides an incremental or better benefit

over etanerceptand apemilast we conclude that there isioderatecertainty that risankizumab

would also provide an increméad benefit over etanercept or apremilast.

ICER Rating on the Drugyscludedin the 2016Review

Our ratings on the old drugs in the 2016 review remastlyunchanged, except irhtee

instances.The first is theating of secukinumab versus adalimumatkK A OK ¢S N} GSR | a &
indirect evidence We have now changettie rating to 6C+€ based on the result of thepdated

NMAwhich shows evidence of net health benefithe second is the rating of secukinumadssus

ustekinumab This has now changdobm C+ to B based on the addition of a second trial and the

result of the NMA Thethird isa comparison oinfliximab versus etanercepin this instance, the

rating between the two drugs did not change, howeveis ihow highlighted in green in the table

because we foundatafrom one headto-head trialwhich provides additional direct evidence
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Table3.9. ICEREvidenceRatingsfor Head-to-Head Comparisons(New ratings based on the current review are loold fonts)

Treatment

Adalimumab
Apremilast

Brodalumab

Etanercept

Infliximab

Ixekizumab

Secukinumab
10]0]
Ustekinumab
45/90

New agents

Certolizumab

pegol
Guselkumab

Risankizumab

Tildrakizumab

Comparator ‘ New comparators

Adalimumab Apremilast Brodalumab| Etanercept| Infliximab | Ixekizumab Secukinumab Ustekinumab| Certolizumab Guselkumab Risankizumab Tildrakizumab
45/90 pegol

Note: The table should be read rei-column For example, there is moderate certainty that adalimumab hssallnet benefit compared to apremilasBt). Conversely, there is moderate
certainty that the point estimate for comparative net health benefit of apremilast is eitherparable or inferior to adalimumab-C

Table key: green=direct + indirect evidence; blue=indirect evidence only

Number of heago-head studies in parentheses

*Rating of secukinuma¥s.adalimumab changed from the previous review from | to C+ based on the result opdagedNMA;
WRatingof infliximabvs.etanercept did not change from previous report, however the rating is highlighted in green in the table because we found evidence on 1-teehdad trial ¥Based on
unpublished grey literature

©lnstitute for Clinical and Economic Review, 2018 Page45
Evidence Reporiffargeted Immunomodulators for Plaque Psorig€endition Update

Return to Table of Contents




4. LongTerm Cost Effectiveness

4.1 Overview

The aim of this analysis was to estimate the esff¢ctiveness ofreatments for patients with
moderate to severe plaque psoriasis who have failed topical treatment and phototherapy. All
treatments included in the NMA, except for risankizumab and tildrakizufwhich do not yet have
publicly-available prices)are inclaled in the coseffectiveness model. We developed a decision
analytic model, based originally on the structure of the York psoriasisffestiveness modeli®

to assess the clinical and economic outcomes of the treatments of interest. Model parameters
were estimated from theNMAdescribed earlier in this report and the published literature. The
analysis uses a health sector perspective withyear and lifetime time horizons, both using a 3%
annual discount rate for costs and outcomes. The outcomes ahtbael include total costs,
guality-adjusted life years (QALYs), months spent in health states of PASI improvement greater than
or equal to 75% and 90%, and incremental exfftctiveness ratios. Uncertainty in the data inputs
and assumptions were evaluat using sensitivity and scenario analyses.

Since our prior report on targeted treatments for plague psoriasis, we have made the following
changes to the model:

A Updated discontinuation rates based on new data.

A Modeled treatment sequences in which secdimk targeted treatment depends dihe
choice offirst-line targeted treatment.

A Updated all costs.

A Updated the rate of switching to a secotide targeted treatment (vs. notargeted) from
50% to 75% upon discontinuation from the fitiste targeted treatmeh

A In light of increasingly different discounts and pricing strategies, we have switched from
using clas$hased discountfom WAC to drugspecific discountto estimate net prices

A Switched to using average selling price (ASP) plus-omaftr infliximabto more closely
reflect the way that officeor clinicadministered products are reimbursed.

4.2 Methods

Model Structure
The model structure is unchanged since our prior report.

We developed a Markov modgl Excelith eight health states, as shown kiigureX; patients
could transition between states every monthfter the initiation period of the firstine targeted
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therapy, defined as the point in time at which the primary trial outcome was measured, typically
12-16 weeks, patients were categorizedo one of four health statebased on their percent
improvement in PASI score over baseliRASI 90 and higher, PASISE; PASI 534, and PASI <50
In the basecase analysisio transition between PASI improvement stateas allowed in the

model, but drug switching anddiscontinuation over time could occur

Patients with response below 75% improvement after the initiation period (16 weeks for
adalimumabapremilastand guselkumakl0 weeks for infliximab, ant?2 weeks for all other
drugs) were asumed to discontinue the firdine therapyin the basecase (this assumption was
evaluated in a scenario analysis, described beldwproportion of these patients then beg
secondline targeted therapy and the remainder received Aangeted therapy (e., topical
therapy, other systemic therapy, and phototherap@econdine therapyvaried based on firdine
targeted treatment: those patients taking anllZ drug switched to guselkumab; patients using
guselkumab switched to a market basket represegthe average of all{L7 drugs; all other
patients switched to a market basket of allIZ drugs plus guselkumab

Patients with a PASI improvement of at least 75% after the initiation periods continued eimérst
therapyafter the initiation period However, we applied a drugpecific discontinuation rate to

each initial targeted drug which determines the rate of discontinuation due to all causes (e.g., loss
of efficacy, development of adverse effects) after the end of the initiation periddsrate differed
between the first and subsequent years of treatmemfter discontinuing their firstine treatment,
these patientdransition to either second line targeted therapy or ntargeted therapyin the same
proportion as those patients who did hbave an adequate initial response to their fifiste drug

All health states were assumed to have an eqisiklof death, whichs treatedas a function of age
alone (i.e.,neither change ipsoriasis disease stat®r treatmentalters mortality rate.

Figure 4.1. Model Framework

Death

First drug

| PASI 50-74I

\ Nnn_

second biologic, non-targeted
therapy, or death

All groups may transition to a

\ Second
P targeted
PASI <50 drug therapy
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Target Population

The population of focus for this review was adult patients with moderate to severe plaque psoriasis
who failed topical treatment and phototherapy. Consistent with the patient populations in the key
clinical trials, the mean age of patients in the base case is 45 years and mean weight is 90 kg.

Treatment Strategies

The interventions included for review are those assessed in the evidence review and NMA, except
for risankizumab and tildrakizumab, for igh there was no pricing information at the time of the
report.

We modeled sequential targeted treatments and targeted treatment discontinuation as described
above.

The administration schedules for included drugs are listed below. Each of these therapies includes
an initial period with dosing that differs from the maintenance dose. Regimens are based on
labeled dosing recommendations for all currently marketed drugs

Table 4.1. Medication BsingSchedules

Initial dosing Maintenance dosing
Adalimumab 80 mg once 40 mg every other week, starting one
week after initial dose
Apremilast Day 1: 10 mg in morning; Day 2: 10 . 30 mg twice daily

in morning and 10 mg in evening; Day
3:10 mg in morning and 20 mg in
evening; Day 4: 20 mg in morning anc
20 mg in evening; Day 5: 20 mg in
morning and 30 mg in evening

Brodalumab 210 mg at weeks 0, 1, and 2 210 mg every two weeks
Certolizumab pegol 400 mg at weeks 0, 2, add 400 mg once every two weeks (200 mg f
patients < 90 kg)

Etanercept 50 mg twice weekly for three months ' 50 mg once weekly

Guselkumab 100 mg at weeks 0 and 4 100 mg every eight weeks

Infliximab 5 mg/kg at weeks 0, 2, and 6 5 mg/kg every eight weeks

Ixekizumab 160 mg at week 0, then 80 mg at 80 mg every four weeks
weeks 2, 4, 6, 8, 10, and 12

Secukinumab 300 mg at weeks 0O, 1, 2, 3, and 4 300 mg every 4 weeks

Ustekinumab 45 mg at weeks 0 and 4 (90 mg for | 45 mg every 12 weeks (90 mg for weight
weight > 100 kg) 100 kg)
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Key Model Characteristics and Assumptions

Table 4.2. Key model characteristics and assumptions

Assumption Rationale

A patient cannot transition between effectiveness
(PASI improvement) levels.

Probability of discontinuing firsiine therapy is drug
specific as supported by available data

All discontinuation in the first yeais due to lack of
effectiveness at the end of the initiation period,
except for infliximab

Probability of discontinuing newer drugs
(brodalumab, certolizumab pegol, guselkumab,
ixekizumal tildrakizumab) is the same as
ustekinumab in years 2+

Seventyfive percent of patients discontinuing first
line targeted drug therapy receive second line
targeted drug and remainder receive netargeted
drug.

Secondline targeted treatment was assumed vary b
first-line treatment as follows: patients receiving an
IL-17 drug firstline receive ggelkumab secondine;
patients receiving guselkumab firdine receive a
market basket equivalent to the average of all-1l7
drugs secondine; patients receiving any other first
line drug receive a market basket equivalent to the
average of all I£17 drugs plus guselkumab.
Secondline targeted treatments have a 10% lower
probability of achieving PASI #8500 (i.e., 5% lower
probability of PASI 789, 5% lower probability of
PASI 9a100, 5% higher probability of PASI5@, and
5% higher probability of PASI < 50).

Risk of death is based on age alone.

Patients remain on firsiine therapy during the trial
period.

There isonly modest improvement in effectiveness
beyond the trial period, and discontinuation rate
accounts for decline in effectiveness over time
Empirical evidere indicates discontinuation rates
beyond the initiation period are higher for infliximab
and etanercept and differs in year 1 vs. years See
sectionDrug discontinuation and switchirggction
below for details.)

Our assumption in the basease is that patients who
receive benefit of less than PASI 75 from initial
targeted treatment will discontinue that treatment at
the endof the initiation period The one exception to
this is infliximab, which has a greater discontinuatiol
in year one than indicated by drug response alone
This assumption was evaluated in a scenario analys
There are limited to no data on discontinuation rates
for the newer agents This assumption was evaluatec
in a sensitivity analyses

Recently published datdand expert clinical opinion
suggest that, amiag those patients who discontinue
their first-line targeted drug, approximately 75% beg
a different targeted drug.

Clinical experts indicated that secofide treatment is
likely to vary according to the choice of filste agent
and suggested this allocation of treatmentBifferent
secondline targeted drug baskets were assessed in
scenario analses.

Thereare no RCTs of second line targeted therapy ¢
limited data on second line targeted therapy respon:
in general

There is no clear evidence supporting an improvem
in survival with targeted treatments fqrsoriasis.

A full trial period (16 weeks for adalimumab and
apremilast, 12 weeks for all others) is needed to
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determine whether the drug will produce an adequa
response
Subcutaneous drugjare administered irclinic during | Allows for patient instruction while acknowledging
the initiation dose and by the patient themselves that patients will seladminister the vast majority of
during the maintenance period. their doses.
Drug cost discountvas applied on a drudpy-drug There is significant heterogeneity in the amount thai
(rather than class) basisGuselkumab received the | each drug is discounted within classdherefore, we
average discount of all drugs included in thisreport halS OK2 aSy G2 Ol f Odz | GS
(33%). drug-specific discountsGuselkumab had insufficient
data to collect actual discount percentages and was
therefore assumed to have the average discount of
other drugs in this analysis

No additionalmonths in PASI states > 0% The population for this model has already not seen
improvement, on average, are attributable to nen adequate improvement with notargeted treatment
targeted treatment alone and thus is eligible for targeted treatment

While same individuals who continue on neargeted
treatment may temporarily improve in PASI status,
some will get worseWe therefore did not attribute
any change in average PASI status to continued ust
non-targeted drugs.

Model Inputs
Clinical Inputs

Clinical Probabilities/Response to Treatment

Firstline targeted drug response

Firstline targeted drug effectiveness is taken from the results of the NMA described earlier in the
report, in section 3.

Table 4.3. Probability of PASEBRponseas Hrst-Line Targeted Treatment

Drug PASI < 50 PASI 5674 PASI 7889 PASI 96100

Adalimumab 0.13 0.17 0.23 0.47
Apremilast 0.40 0.23 0.20 0.17
Brodalumab 0.04 0.09 0.18 0.69
Certolizumab pego 0.14 0.17 0.24 0.45
Etanercept 0.27 0.22 0.23 0.28
Guselkumab 0.04 0.08 0.17 0.71
Infliximab 0.08 0.13 0.21 0.58
Ixekizumab 0.03 0.08 0.16 0.73
Secukinumah 0.06 0.11 0.20 0.63
Ustekinumab 0.13 0.17 0.24 0.47
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Secondine targeted treatment effectiveness

No randomized controlled clinical trials have been conducteghiexclusively secodte patient
population. Warren et &' recently studied secukinumab 150 and 300mg in a sedime (firstline
non-responder) population (no placebo group). Thewlgek PASI 75 response for 300mg (N=118)
was 71% for patients with one previous rm@sponse, and 48% in patients who had failed more

than one TNF inhibitor; in contrast the first-line PASI 75 response was 83% in the NMA. Giriffiths
et al*?evaluated outcomes with guselkumab amaadplimumab PASI 90 n@asponders, and

found approximately60% of patients achieved PASI 90 after 16 weeks of treatment; in contrast,
83% of all patients initiated on guselkumab achieved PASI 90 in the NMA. Similarly, results from the
NAVIGATE stuéfifindicate that response to guselkumab is likely lower (48% PASI 90 at 12 weeks
vs.70-73% PASI 90 at 16 weeks in the VOYAGER studies) in patients who fail a targeted therapy.
Papp et af*“studied the effect of previous targeted drug use on brodalumab and ustekinumab
outcomes; 27% and 26% of patients had previously received a targeted eggpectively, and 12%
and 10% had previously failed targeted agent. For brodalumab, PASI 100 was achieved in 41.7%
and 32.0% of patients in whom prior targeted therapy had been successful or failed; the
corresponding results for ustekinumab were 21.1% ah®3%.

These findings indicate that prior experience, and in particular prior failure, with targeted drugs is
associated with a lower response rate. We assumed the PASI 75 response forlgestimelrapy

was 10% lower than for findings in the NMA, whietluded studies primarily enrolling patients

who werenaive totargeted drug and were adjusted for placebo group differences.

Drug discontinuation and switching

The three main data sources for drug discontinuation and switching are 1) patient regigrie
longterm trial follow-up, and 3) claims data&Some of the most exhaustive data come from

Denmark, where all treated psoriasis patients in the country are enrolled in edomgpatient

registry, known as Dermbio. Egeberg ét?akported reatworld drug discontinuation based on a

total of 3,495 treatment series (adalimumab: 1,332; etanercept: 579; infliximab: 333; ustekinumab:
1,055 and secukinumab: 196). Targeted treatmeaitve patients had lower discontinuationtea

than nonnaive patients Infliximab and etanercept had the highest discontinuation rates

(etanercept primarily due to lack of effectiveness; infliximab primarily due to causes other than lack
of effectiveness) and ustekinumab had the lowest ra&@cukinumab, for which there were limited
data, had a discontinuation rate similar to infliximab and etanercéfiwever, interpretation of

these findings is complicated by dose increases for etanercept (29% patients were >50% higher than
label) and ustelkiumab (33% patients were >50% higher than label for patients <=100kg) compared
to almost none for adalimumab and secukinumab, use of secukinumab primarily in patients who
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had previous exposure to targeted agents, and different definitions of treatmerg dap to dosing
schedules In contrast, Iskandar et &tin a UKbased patient registry (BADBIR) of 2,980 patients
(adalimumab: 1,675; etanercept: 996; ustekinumab: 309), found that ustekinumab and adalimumab
had smilar discontinuation rates. This finding may be explained by similar treatment gap definitions
and lack of ustekinumab dose increases due to UK coverage poltfiemte, approximately 77% of
patients with a treatment gap switched to another targetdebtapy.

Longterm trial follow-up studies generally have found low rates of drug discontinuation
Interpretation of findings from these studies and comparison to-veaild patient registry data is
complicated by controlled trial settings, and these data primarily useful for assessing the
discontinuation rates of newer agents in relation to older agents across similar study designs
Langley et af%reported a ustekinumab discontinuationteaof 30% (363 of 1,212 patients) over 4.7
years, with approximately half of patients receiving dose adjustmevitewietz et al*’ reported a
4% dropout during secukinumab induction, and 8% dropouP#®8l 75 responders during
remainder of year 1; Bissonnette et&reported a secukinumab discontinuation rate from end of
year 1 to end of year 3 of 19% (32 of 168 patients). Leonardi€teported 22% of (84/385)
ixekizumab patients discontinued therapy or were lost to folapvafter three years (27% had dose
adjustments). Blauvelt et #lreported a guselkumab discontinuation rate&$% (28 of 32%fter

48 weeks in the VOYAGER 1 RCT; Gordottatrfortunately did not report discontinuation rates
at 100 weeks. While not definitive, results from these clinical trials sugligstntinuation rates for
ustekinumab, secukinumab, amdekizumakare generally similar.

Several studies have been conducted in the U.S. using claimsTdatae studies suggest
etanercept and infliximab have the highest discontinuation rates, andgbatikinumab
discontinuation is similar to ustekinumal€ao et al*?'in a study of 1,000 ustekinumab treated
patients (60% targeted treatment experienced), using a treatment gap pefia8®days, found
81% persistence with a mean follayp ~6 mos. Feldman et*& in a study of 1,504 seikinumab
patients (mean followup ~6 maths; 68% targeted treatment experienced) reported an 87%
persistence. Bagel et'afevaluated discontinuation and persistence among targeted dhaiye
(N=3,584) and targeted drugxperienced patientd\=1,185) who initiated secukinumab,
adalimumab, or etanercept. Mean folleup ranged from 52%15 days across drugs
Discontinuation rates at one year for the three drugs were 35%, 42%, 47% for treatai®stand
32%, 41%, and 54% for treatmegnperiene patients, respectivelyAdherence ranking at one year
was analogousThese studies suggest ustekinumab and secukinumab discontinuation over the first
6 mos. are similar, secukinumab discontinuation in year one is lower than for adalimumab and
etanercef, and discontinuation is higher for targeted drug experienced patients.
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Mortality

There is no clear evidence that the modificatiortlt# psoriasisrelated health statehrough
treatmentalters mortality risk. As such, mortality depends upon age alone.

Utilities

Our base case uses considers the utility of each level of PASI improvement to be represented by the
estimated mean utility weight as derived by-administration of the generic quality of life

instrument, the EGbD, with the PASI in five clinldaals; trial findings are listed below and the

average used in the model is presented on the last line of the fable

Table 4.4. Health Stat®ltilities UsingTargetedTherapies

Non-targeted PASI <50 PASI 5674 PASI 7889 PASI 9a100
treatment

Ustekinumab 0.660

EQ5SD average 0.660
(Pickard, 2016)

Adverse Events

As serious adverse event frequencies are similar across all drugs, most previously published cost
effectiveness analyses in plagpsoriasis have not included adverse events, and our previous
analysis indicated inclusion of serious infection had little effect on results, they are hence not
included in the base case scenario. We have included an analysis of the hypothetical impact of
suicidality associated with brodalumab in a scenario analysis.
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Economic Inputs

Drug Acquisition Costs

The below table refers to drug acquisition cost alone, not including administration costs or the cost
of required laboratory tests. Two drugsnfliximab and ustekinumak are dosed by weight.

Infliximab is dosed at 5 mg/kg. We assumed that vials are not shared and that an average of five
vials will be used per patient. The dose of ustekinumab is doubled from its baseline of 45 mg for
patients weighig over 100 kg. Based on the clinical trials, we assumed that 30% of patients would
receive the 90 mg dosd.ikewise, the standard dose of certolizumab pegol is 400 mg every two
weeks, but the label indicates that a 200 mg dose may be considered fonisatieder 90 kg Our
basecase assumes that 50% of patients receive this lower dose.

Additionally, there is some evidence to support that dose escalation occurs, particularly for
etanercept However, existing evidence does not clearly support thagragedoses are higher

than labeled dosingThe Egeberg stud{?in Denmark found the mean etanercept dose over the

first 24 weeks was similar to U.S. labeled dosing, the Feldman JMCP°20idy in the US found
similar proprtions of patients getting dose increases and dose decreases, and the Feldman JMCP
20178 study evaluated dose increases but failed tocaott for dose decreases or report mean
doses.

In order to reflect differential discount and pricing strategies, we used net price in the cost
effectiveness model. With the exception of infliximalet pricing estimates for athodeleddrugs

were derived fom SSR Health, LLC, which combines data on unit sales with pdisiatbsed US
sales figures that are net of discounts, rebates, concessions to wholesalers and distributors, and
patient assistance programs, to derive a net pri¢@e derived net prices at the unit level and

across all payer typedNe estimated net prices by comparing the fayuarter averages (i.e., first
guarter of 2017 through fourth quarter of 2017) of both net prices and WAC per unit to arrive at a
mean discount from current WAIGr the drug®®In contrast to the 2016 report, when we used
discounts based on drug class, we used éipigcific discounts in this model. This is due to
heterogeneity that has arisen within classes. For example, brodalumab mesndismaller

discount with a lower WAC to arrive at an overall annual maintenance cost that is only slightly lower
than other members of the L7 class. Guselkumab had insufficient data on discounts and
therefore was assumed to have the average discaidratll other drugs in this analysis (33%).

Infliximab is a unique drug within this set, as it is the only drug administered intravenously. Because
the drug is not being dispensed directly to the patient, we used average selling price (ASP) plus a
95% m&l) dzLJ NBLINBASYlUGAYy3d GKS YSIY YIFNJdzL) 6&% LK& &aA OA

Nontargeted cost includes the cost of topical medications such as corticosteroidgargeted
oral medications such as methotrexate, and hospitalization. The cost of $626s7deteamined
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from a claims analysis published in 2009 with its results recalculated to 2017 US dollars using the

medical inflation rate?’

Table4.5. Drug Cost Inputs

Intervention Unit WAC per Discount % Net price per Cost of first ~ Annual cost
Unit/Dose* Unit year of year 2+

Adalimumab 40mg $2,436.02 31% $1,674.64 $46,751.16 $43,693.75
Apremilast 30mg $54.72 22% $42.46 $30,807.28 $31,019.58
Brodalumab 210 mg $1,750.00 20% $1,400.00 $37,684.00 $36,528.00
Certolizumab 400 mg $4,044.32 36% $2,583.70 $54,097.14 $50,559.32
pegol (see

above

for

dosing

note)
Etanercept 50mg $1,218.00 31% $837.69 $54,641.32  $43,713.06
Guselkumab 100 mg $10,158.52 33% $6,806.21 $50,609.02 $44,395.93
Infliximab 40mg $1,167.82  22%** $911.99 $38,466.44 $29,743.90
Ixekizumab 80mg $5,161.60 44% $2,888.74 $51,374.18 $37,685.68
Secukinumab 300mg $4,712.38 38% $2,926.22 $49,624.51 $38,174.63
Ustekinumab 45/90 $10,292.15 27% $7,532.84/  $58,620.92 $42,584.22

mg (see / $15,063.47

above) $20,584.30

Administration and Monitoring Costs

All drugs except for apremilast and infliximab are administered subcutaneously. Apremilast is an
oral medication, and infliximab is intravenously administered over ataar period.

As stated above, our assumption is that only the first administratica subcutaneousty
administered drug is performed in a clinic. The 2017 national payment for a subcutaneously
administration (CPT code 96372) is $25.84. Intravenous administration over two hours is
represented by two CPT code96413 for the first houand 96415 for the second hogrand costs
a total of $183.89.

Health Care Utilization Costs

Psoriasis patients receiving certain targeted drugs require monitoring for potential infection. Some
drugs also require testing of physiologic systems, such aaticdpnction. The costs for each of the
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laboratory tests required by one or more targeted psoriasis therapies and the schedule of
laboratory tests indicated for each drug are provided below. When possible, the indicated

laboratory tests were obtained#&Y G KS RNHzIQ&a fFo6StAy3aT 20KSNBAASS

examination of the therapeutic protocol in the pivotal trials. In addition to these laboratory tests,
each patient was assumed to receive four physician visits (CPT code 99213, $80.77) pertgdar rela
to the disease.

Costs for the laboratory tests are:

Latent TB screen (CPT 71010): $25.08
Active TB screen (CPT 86580): $9.02
Complete blood count (CPT 85025): $14.41
Hepatitis B test (CPT 86317): $27.79

Renal function test (CPT 80069): $16.10

=4 =4 =4 -4 =4

Table 46. Laboratory Est Schedule

Intervention Latent TB Active TB CBC HBV Renal

function
Adalimumab Annually Quarterly Once
Apremilast Annually
Brodalumab Once

Certolizumab Annually Quarterly
pegol

Annually Quarterly  Once
Annually

Once Annually Once
Annually

Annually

Annually Quarterly

Test abbreviations: TB = tuberculosis, CBC = complete blood count, HBV = hepatitis B virus

Sensitivity Analyses

We ran oneway sensitivity analyses to identify the key drivers of model outcomes, using
reasonable ranges for each input described in the model inputs section above. We chose to
compare ixekizumab to netargeted treatment in order to focus on the comjson between a

highly effective therapy and the least effective. We also included a comparison of ixekizumab
versus etanercept, as it compares a more effective to a less effective but commonly used targeted
drug.
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Scenario Analyses
We conducted a varietyf@ecenario analysis to assess the assumptions in ourtese analysis.

1. Continuation of treatment in PASI-Z@ group:In this scenario, we allowed 2% of
individuals in the PASI 501 group to improve to PASI-B® per month in the first year
after the intiation period. In this group, 10% of patients discontinued their-first
treatment per month as well. All patient in this PASI category discontinue targeted
treatment by the end of year one

2. Effect of net price increaséale used net prices from th2016 report in this model in
order to isolate the effect of price increases since that tirfie allow for comparability,
we used druespecific rebates derived from 2016 data as applied to prices from the
same time period This is in contrast to the clabased rebates we had applied in the
previous report.

3. Completed suicides with brodalumakour participants among the 4,464 (0.09%) in the
ONBRFfdzYFo FN¥Y 2F 0KIFIG RNHzZEQa GNAREFfa O2YLIX
suicides in the control arm. Irclenowledgment of the severity of this event, we
conducted a scenario analysis that, pessimistically, assumes completed suicide takes
place immediately after the first month of brodalumab.

4. Time to onsetWe included one scenario where we varied the ondadrag response in
order to test its effect on overall outcome&)sing secukinumab as a test case, we
examined the effects of holding all patients in the PASI < 50 state until month 1, 2, or 3.

5. Secondine market basket3Ve assessed the effect of inciagd all nonfirst-line drugs
in the secondine basket; that is, we averaged the costs and effectiveness of all eleven
drugs (with the secontine penalty mentioned in the assumptions) and use this as the
secondline market basket for all drugs.

6. Modified Societal Perspectivét is well known that psoriasis affects productivity. We
evaluated a scenario using a limited societal perspective in which productivity benefits
of psoriasis treatment and the productivity loss associated with intravenous
administraion of a drug are accounted for. Productivity cost offsets were derived from
work productivity impact measures in RCTs of adalimumab and ixekizt#fiatve
estimated that patients achieving a PASI 75 improvement who were employed had a
15% improvement in total work productivity prarily presenteeism vs. absenteeism).
We also estimated that 60% of patients were employedtioie and 15% hatfime
based on baseline characteristics of study participants. We used an average 2017 US
income of $50,620%° We assumed presenteeism improvements were valued equally to
absenteeism improvements, and that presenteeism effects were not already captured
by quality of life (E€D) measurements. The t¢adfset per year for a patient achieving
a PASI 75 improvement was thus $5,100.
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7. Lower doses with certolizumab pegol and ustekinuniadih certolizumab pegol and
ustekinumab have lower doses that can be used on patients with lower body weight
(under 90 kdor certolizumab pegol and under 100 kg for ustekinumal/e tested a
scenario in which only those patients who are eligible are treated with these drugs.

8. Additionally, we performed a threshold analysis by systematically altering the price of all
drugs toestimate the maximum prices that would correspond to given willingness to
pay (WTP) thresholds. Risankizumab, é8ldrug expected to be approved by the FDA
in 2018, and tildrakizumab, another2B3 drug that was recently approved but does not
have arofficial price, have been included in this threshold analysis.

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 feeffioan 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 developed a simpleob#ué-envelope model

using only drug costs and trial drug response a@atd compared to our full model results. We
compared results to other cosdffectiveness models in this therapy area. Finally, an external health
economist with expertise in psoriasis assessed the modeling approach and draft results.
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4.3 Results

Base Cas Results

Our results suggest thatvhile qualityof-life improvements are similar across the targeted agents,
initiating treatment with the 117 drugs or guselkumab leads to the greatest improvement in
QALYs, while initiation with apremilast, etanerceptjnfliximab is the least effectivdn contrast
initiation with the 1:17 drugs, guselkumab, or certolizumab pegol generally leads to the highest
total cost, while initiation with apremilast, etanercept, or infliximab leads to lower total costs.

Tabk 4.7. Results for the BseCasefor Targeted TreatmentsOver 10 years

Firstline Treatment Total Cost Total QALYs  Months spent in Months spent in

PASI 90+* PASI 75+*

$67800 5.70 0.0 0.0
$308,000 7.17 52.0 74.1
$215,000 6.79 326 535
$289,000 7.39 67.8 84.9
$341,000 7.16 50.5 735
$272,000 6.88 37.7 57.9
$342,000 7.40 69.0 85.3
Infliximab $238,000 6.98 47.8 62.5
$311,000 7.42 70.9 86.1
$305,000 7.34 63.5 82.4
$315,000 7.17 51.1 74.1

* Time spent in PASI health states is discounted at the same rate at costs and other outcomes.

Note that the results above should not be interpreted as treatments wiingle targeted drug, but

& a4SljdzSyo0Sa 2F GFNBSGSR RNHZAA O60AyOf dzZRAY3I WwWaiSL
guselkumab continues to-Il7 and/or nontargeted drugs upon discontinuation, and treatments

beginning with 1£17 drugs continue tguselkumab and/or notargeted drugs upon

discontinuation. All other drugs are followed by a market basket-d¥ Idrugs and guselkumab

upon discontinuation from the firdine targeted treatment.

The incremental costffectiveness ratios compared to ndargeted treatment are shown below.
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Table4.8. Incremental CosEffectiveness Ratios (ICERSs) for the Base Case, Compared to Non
Targeted Treatment

Firstline Treatment Cost/ QALY Cost / month in PASI 90+ Cost / month in PASI 75+

$164,000 $4,600 $3,200
$135,000 $4,500 $2,800
$131,000 $3,300 $2,600
$188,000 $5,400 $3,700
$175,000 $5,400 $3,500
$161,000 $4,000 $3,200
$134,000 $3,600 $2,700
$142,000 $3,400 $2,800
$145,000 $3,700 $2,900
$169,000 $4,800 $3,300

Sensitivity Analysis Results

To demonstrate effects of model parameter uncertainty on incremental cost per QALY gained, we
varied input parameters based on standandors or reasonable ranges for two examples:
ixekizumab grsusnon-targeted treatment and ixekizumalexsusetanercept These examples

were selected because ixekizumab is one of the most effective drugs and has soreromnigta,

and because etanercepépresents one of the more commonly used original targeted agents
Furthermore, some health care plans require patients to utilize a less effective and less expensive
targeted agent as a step therapy.

In the basecase, ixekizumab has an ICER of $142p@0 QALY compared to ndargeted, and an
ICER of $72,000 per QALY compared to etanercept.
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