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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 evidence to improve patient outcomes and control costs. Through
all its work, ICER seeks to help create a future in which co#iibe efforts to move evidence into
action provide the foundation for a more effective, efficient, and just health care system. More
information about ICER is availablené://www.icer -review.org

The fundng for this report comes from government grants and fpvofit foundations, with the
largest single funder being the Laura and John Arnold Foundatlorfunding for this work comes
from health insurers, pharmacy benefit managers, or life science compaER receives
approximately 20% of its overall revenfrem these healtindustryorganizations to run a separate
Policy Summit program, with funding approximately equally split between insurers/PBMs and life
science companied-or a complete list dunders and for more information on ICER's support,
please visihttp://www.icer-review.org/about/support/.

About Midwest CEPAC

The Midwest Comparative Effectiveness Public Advisory Coundiv@éli CEPAE)a core program

of ICER, provides a public venue in which the evidence on the effectiveness and value of health
care services can be discussed with the input of all stakeholders. Midwest CEPAC seeks to help
patients, clinicians, insurers, dipolicymakers interpret and use evidence to improve the quality
and value of health care.

The Midwest CEPAC is an independent committee of medical evidence experts from across the
Midwest, with a mix of practicing clinicians, methodologists, and leaders in patient engagement and
advocacy. All Council members meet strict conflict of interestajines and are convened to

discuss the evidence summarized in ICER reports and vote on the comparative clinical effectiveness
and value of medical interventions. More information about Midwest CEPAC is available at
http://www.icer -review.org/midwestcepac/

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

solely the work of the ICER team and its affiliated researchers.

For a complete list of stakeholders from whom we requested input, pleaséisiti/icer-
review.ordmaterial/cf-stakeholdedist/
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List ofAcronymsUsed in this Report

AHRQ Agency for Healthcare Research and Quality

AE Adverseevent

BMI Body massindex

BSC Best supportive care

CADTH Canadian Agency for Drugs ahechnologies in Health
CF Cystic fibrosis

CFF Cystic Fibrosis Foundation

CFFR Cystic Fibrosis Foundation Patient Registry

CFQ®R Cystic FibrosiQuestionnaireRevised

CFRD Qysticfibrosisrelateddiabetes

CFTR Oysticfibrosistransmembraneonductanceregulatorgene
Cl Confidence interval

Gl Gastrointestinal

HRQOL Health related quality of life

v Intravenols

LCI Lungclearanceindex

MCID Minimum clinicallyimportant difference

NIH National Institute of Health

NICE National Institute fortHealth andCareExcellence (UKgency
PE Pulmonary exacerbation

PERT Pancreatic enzyme replacement therapy

ppFEY Percent predictedforced expiatory volume in 1 second
SAE Serious adverse event

USPSTF United States Preventive Services Taske

VvC Vital capacity

WAC Wholesale acquisition cost

WTP Willingness to pay
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Executive Summary

Background

Cystic fibrosi¢CF) is a progressive genetic disease that affects many organ systems, though most of

its morbidity and mortality is associated with its impaa the respiratory systenAccording to the

Cystic Fibrosis Foundation Annual Reportr¢heere 30,000 individuals living with @Rhe US in

20161 Given that the eligible patient populations for treatment with the drugs under review in this
FaaSaaySyd 6SNB dzyRSNI mnZnnn F2NJ SIOK RNHAI ¢S
treatments of ultrarare disordersl{ttps://icer-review.org/wp-content/uploads/2017/11/ICER
Adaptationsof-ValueFrameworkfor-RareDiseases.pdf

The pathogenesis of CF is linked to the cy#irosis transmembrane conductance regulator (CFTR)
gene. In epithelial cells, the CFTR gene is transcribed and translated to produce the CFTR protein,
which is in turn, transported to the apical membrane, the part of the membrane that faces inwards
towards the open lumina of an organ, such as the airways within the lung. There the protein acts as
a chloride ion gate and contributes to the regulation of salt transport in and out of the cell.
Mutations to the CFTR gene letdthickened secretions in the hg, gastrointestinal tract,

pancreas, and other organs. Due in part to the thickelueg secretions, people with CF commonly
have frequent acute pulmonary infections requiring antibiotic treatment and hospétiadin

Ultimately, most people with Esuffe progressive damage to thaiirways, leading to

bronchiectasis and ultimately to respiratory failure, which is responsible for the majority- of CF
related deaths.

Alittle over 300different mutations are known to cause €Patients with CF carry pathogenic
mutations in both copies of thEFTRiene. The most common pathogenic mutation is B&®8del
mutation. About 86%bf all patientshave at least one copy of the mutaticimese patients are
approximately evenly split bateen homozygous (two copies of the mutation) and heterozygous
(one copy of508delnd another mutationf* Anotherrelativelycommonmutation isG551D
which is found in approximately 5% of GEignts3 In patients with at least one copy G551D
some of the protein folds correctly, but when it reaches the apical membrane it does not open
appropriately to let chloride ions flow normally.

Theimpact of Clandthe complexity of its management are associated with multiple phyaioal
social challengeas well aseconomic insecurity, which can severely affect the quality of life of CF
patients, their caretakers, and the rest of their families.
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Management

The core treatment regimen for ®&s historically aimetb control symptoms. It includes
aggressive airway hygiene with chest physiotherajyyay clearance devicelstronchodilators,
inhaled and systemic antibiotics, inhaled hypertonic saline, and akzesaecombinant human
DNase to reduce sputum thicknesalso helpful is management of the diet, withncreatic enzyme
replacement therapyndinsulinif necessaryThe treatment burden for CF patients is high, with
patients reporting that they spend wards of two hours a day completing treatment activittes.
Lungtransplantation remains the lasine intervention for CF patients with erglage disease.
Patients who undergo successful lung transplantation no longer suffer from CF in their lungs but
continue to have symptomelated to CF in other organ systems.

While improvements in supportive care have improved the prognosis for CF patients, these
treatments are directed only at symptom management. Recently introduced ageotsn as CFTR
modulatorsdirectly addresshe pathophysiology of the disease and are the focus of this review.

CFTR modulator drugs

Modulator drugs increase CFntediated ion transport. Two types of modulator drugs have been
developed, with complementary modes of action. The effectiveness of modsld&pends on the
CFcausing mutation.

CFTR potentiators, such ldalydec®(ivacaftor monotherapy)increase the likelihood that the CFTR
OKIFyySt gAftf GNIyaLR2NI A2ya GKNRddzAK GKS OSftf YS
LINE 0 I dKalfidécdke & 0SSy | LILINR PSR T2 NJ LI GBI vrid athep A G K I
mutations that result in residual CFTR protein function in the cell membrane RAG7H.

CFTR correctors, such as lumacaftor and tezacaftor, increase the amount of normehtadnm
CFTR protein that gets transported to the apical (luminal) membrane, thereby increasing the
amount of CFTR protein on the cell surfadekambi®lumacaftor/ivacaftoriand{ @ YRS | 2 u
(tezacaftor/ivacaftorare considered in patients homozygous for fe08demutation. While
Symdekdiasalsobeen studiedn patients who are heterozygous for ti&08dehllelewith a
residual function mutationit was approved by the FDA in February 2018 not only for these
populations but for othemutations potentially responsive to Symdeko based on laboratory
assessments.

For the purposes of this report wesetrade names to facilitate ease of interpretation of the data,
with the exception of unapproved doses of lumacaftorhwitacaftor.
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Insights Gained from Discussions with Patients and Patient Groups

We held semstructured discussions via teleconference with parents of children with CF as well as
with adult patients with CF and identifiesveralcrosscutting themes

Thefirst themeidentified from these discussioqertained toaspects of the CF experienitet

KIS | adNBy3I AYLI OG 2y ljdzZ £ AG& 2 FFirdt dallyRareiiNe Y
demanding.Aggressive airway hygiene, a mainstay of standard CF management, is a time
consuming processAdditionally, patients routinely take many pills and inhalation treatments as

part of standard care and are concerned by the prospect of even more interverfgansmore

pills for the modulator treatments, or additional medications to manage emerging complications of
CF, such as @é€lated diabetes).The high daily demands of standard care take a toll on patients

and caregiversSecond, CF patients often erdurequent and severe complications from their
disease. Hospitalizations typically last for many days or weeks leading to substantial time lost from
school, work, and leisure for both patients and caregivétespitalizations and specialized care can

be associated with additional logistical hindrances and expenses if it is necessary to travel to a
facility with experience in CF managemeifhird, everso-calledminor complications of CF are
pervasive andeducequality of life. For example, chronic sisilis can be accompanied by the

inability to smell or taste foods, which reduces appetite and contributes to malnutrithdhof the

above can greatly limit the ability of CF patients to participate in the social, athletic, work, and other
functions thattheir peers engage in.

Another themein our discussions with patients and caregiveaftectedthe challenges oadhering

to CF managementThe daily management of CF is demangdgkipping airway hygien®r a day
createstime for other activities ananay not have an immediately perceptible negative impact on
clinical function.Thus, children or young adults who move on to the next stage of their lives (e.g.,
leaving home to go to college) may be tempted to lapse in terms of adherence.

A third theme vas related tdfiinancial insecuritylue tomanagement of the disease. While all
patientswe spoke with hadhsurance coverage, their guayments vaied for CFrelated treatment.
Uncertainty about future insurance coverafge treatments was also commonlgised. Additional
expenses are associated with hospitalizations including travel, accommodation, arranging for care
of other children, and other concern&urther, parents with inflexible work schedules risk losing
their jobs after exhausting their sitkne.

Comparative Clinical Effectiveness

We evaluated evidence of the efficacy, safety, and effectiveness of CFTR modulators in comparison
with other CFTR modulators or placebo in our target population of individuals with cystic fibrosis

We included anyge groupwith a genetic mutation for which a CFTR modulatat beenor was

expected to beapproved. Comparative trials of CFTR modulators (vs. other intervention or
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placebo)were typically powered to detect differencestime changdrom baseline irpercent
predictedforced expiratory volume in 1 second @pY), a measure of respiratory function. Aile
we abstracted both change from baseline and differences betwesatment groups, we note that
there is no universallggreedupon definition of a @hically-important difference given the
substantial heterogeneityn respiratory functiorinherent in CF.

Wealso captured datan the followngadditionaloutcomes:mortality, pulmonary exacerbation,
weightand body mass indeBMI), and quality of lifeWe also sought patienateported outcome
data and incorporated it in the review if availabM/e sought evidence on harms from any study
despgn.

We evaluatedreatment inthree distinct populations:

1. Kalydecdor patients withgating and residual function mutatien This included individuals
with G551Dand norG551Dgating mutations and those witR117Hesidual function
mutations.

2. Orkambiand Symdekdor individuals homozygous for tHfe508deimutation.

3. SymdekaandKalydecdor individuals heterozygous for tHe508demutation with a second
mutation amenable t&Symdeko

We first describe the evidence regarding clinical benefitsetch population. Nextve describe the
evidenceon harms for the CFTR modulatarsllectively

1. Kalydecdfor patients with gating and residual function mutations
Clinical Benefits

Key Findings:Children, adolescents, and adults with G551D and #@&55D gating mutations
experiencedstatistically significant and clinically meaningful gains in ppFEANd reductions irthe
rate of pulmonary exacerbations witkalydecocompared to placeban 24-week studiesLonger
term follow-up suggests lung functioimprovements includingreducedrates of pulmonary
exacerbationsare durablethrough three yearsLimited evidence also suggests ogear

reductions in rates of death, organ transplantation, and hospitalizatior@atistically significant
gains in body weght and respiratory symptorrrelated quality of life withKalydecowere reported
for G551D and notG551D gating mutation populations aged 12 and older compared to placebo.
Satistically significant improvemensin lung function or weight were not observeid adult

patients with R117H residual function mutationdn a small sample of children aged 6 to 11 years
with R117H residual function mutations, those &alydecoexperiencedstatistically significant
worsening oflung function and trended towards decesed respiratory symptonrmelated quality

of life scores compared to placebo.
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Four randomized controlled trials (RCTSTRIVE, ENVISION, KONNECTION, and KGNDUCT
evaluated the safety and efficacy I§alydecan individuals with at least on€551D nonG551D
gating, orR117Hmutation®! All four studies required a baseline ppk&M1 rEAlldour trials
randomized participants to receive either 150 mgkallydecar placebo twice dailjor 24 weeksA
fifth comparative sady compared over, 600 people (implicitly with any relevant mutation) taking
Kalydecawith over 8000 matched controls not takikglydecothe conference abstract reported
one-year followup data!? We also evaluated three noncomparative studies: KR&IPhase 1l
singlearm study that included children ageeb2with aG551Dgating mutation; GOAY,a
longitudinal cohort study of individuals aged 6 years and older with at lea&5&1Dmutation;

and PERSISTwhich followed eligible STRIVE and ENVISION participants for an additional 96 weeks
on Kalydeco

Study findings are summarized in TablelB8low. For people 6 years and older with gating
mutations G551Dand norG551D), studies have mostly found improvements in the primary
pulmonary, weight, and quality of life outcomes wKlalydecacompared to placebo over 24 to 48
weeks. Studies have reged significant improvements ippFEYcompared to placebo of 10.4
percentage points (95% CI 8.6 to 12.8nieta-analysis) over 24 to 48 weeks, significant reductions
in risk of pulmonary exacerbatiorf84% vs. 56%, hazard ratio 0.455, P=0.001), ineseiasveight

(2.8 kg or 0.7 kg/i), and clinically significant improvements in the respiratory domain of theREFQ
quality of life instrument of about 5 to 10 poin@lthough the difference with placebo was
nonsignificant in the study of 6 to 11 year oleigh the G551 Dmutation. Longterm follow-up (96
weeks) of these people on continuéglydecdreatment found maintenance of their

improvements irppFEY(10.7 percentage points, 95% CI 7.3 to 14.1). Otherternyg follow-up
studies found continued lowed risk of pulmonary exacerbations compared to matched controls
on best supportive care (RR 0.64, 95% CI 0.58 to 0.70) and lowered annual risk of death (RR 0.41,
95% CI 0.20 to 0.84).

Based on a single study of people with R&17Hyating mutation Kalydecamproved respiratory
function and quality of life in people aged 18 years and older; however, among the small subset of
study participants 6 to 11 years olKalydecovas not more effective than placebo. For those 18

and older,ppFEYimproved by5 percentage points and the respiratory domain of &&{fnproved

by 12.6 points. For the 17 children aged 6 to 11 years, ppkér¥ened orKalydec going down

6.3 percentage points compared to placebo; the respiratory domain offlC#@s also reduced, bu

not significantly so. In both age groups there were no differences in risk of pulmonary exacerbation
(hazard ratio 0.93) or change in BMI.
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Table ES. Summary oKalydeco(150 mg 2x/day) on Clinical Efficacy Outcomes&551D, non-G551DGating Mutations, andR117H
CFTR Mutations

Age Studies ppFEY Pulmonary Weight (Diff) [ CFGR Other (RR)
Duration (N) (Absolute Diff), Exacerbation Respiratory
Percentage Points Domain (Diff)

G551 DMutation
Randomized Controlled Trials

xc e NJ STRIVE . Il w nodnpp 0 Weight (kg): .
48 wk (N=213) ENVISION 104 (8.6, 12.3) Y Ru 2.8 (1.8, 3.8)* 9.7 (6510 13.0)
Non-G551DMutation

Randomized Controlled Trial
Xc & NJ BMI (kg/mP):
8wk  (N=39) KONNECTIO! 10.7 (7.3, 14.1) nd 0.7(0.3,1.0) 9.6 (4.5, 14.7)
R117HMutation
Randomized Controlled Trial
Xc & NJ BMI (kg/n):
24wk (N=69)  WONDUCT AR O () 0.36 b M)
6-11yro b T mT ( L6.30 b Mmis BB Lc ®m O6bwMmp

XMy 0®RIp n ¢ 5.0 (1.2, 8.8) 12.6 (5.0, 20.3)

Any Indicated Mutations (Implied)

Nonrandomized Comparative Study

Xc eNJ | US cohort nd RR0.64(0.58,0.70) nd nd Death:0.41 (0.20, .84)
1yr (N=1256 **) Organ Txp0.15 (0.04, 0.59)
Hospitalzation: 0.64 (0.58,
0.70)

Results in bold font are statistically significant.

Abbreviations: BMIbody mass index, CHR Cystic Fibrosis QuestionnaiRevised, Diffdifference between Kalydeco and placebo, H&zard ratio, nd
no data (not reported), ppFE\predicted percent forced expiratory volume in one second,
RRrisk ratio, Txptransplantdion, wk weeks, yryear.

* Pooled (metaanalyzed) t dzf Y2y | NB SElF OSNbIF iA2ya NBLRNISR 2yfée Ay {¢wL+x9 &
5 LyO2yaradSyid NBadzZ Ga F2NI RAFFSNByYyd 3S ANRBAzLIA & hy f Bgrodp@malyded. NI A
§ Favoring placebo# Implied. ** On Kalydeco, matched with 6000 controls

N o
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2. Orkambiand Symdekofor patients with homozygoud=508demutation
Clinical Benefits

Key Findings:Orkambiand Symdekdooth provided small but statisticallysignificant
improvements in absolute ppFE¢ompared to placebafter 24 weeks of treatmenthowever,
the magnitude of effect varies by age, dose, and baseline lung functinolongerterm follow-up
(96 weeks), those o@rkambihad slower decline ippFEY than matched controlsNeither
Orkambinor Symdekagprovided statistically significant shortterm improvement inBMI or BMI-
for-age z score compared with placebo. Bdinkambiand Symdekagorovide improved
respiratory-related quality of life compared withplacebo. Orkambiand Symdekaeduced
pulmonary exacerbation eventsver 24 weeksincluding those requiring intravenous antibiotics
and hospitalizations, compared with placebo. Indirect comparisons yielded no material
differences betweerDrkambiand Syndekoin key clinical outcomes.

Six key studies including four randomized controlled trials, one single arm trial and orAelong
openlabel extension studwere identified (see TablES2).152° Two randomized trialsef Orkambi
(TRAFFIC and TRANSPORT) were analyzed together, with a subsequéatiedgxtension
study15%® Three of the trials (and the opdabel extension study) evaluaté&drkambiin people 12
years or older (mean age 28ars) or children aged 6 to 11 years old. The single arm study also
evaluatedOrkambiin children aged 6 to 11 years old. The single randomized triaymideko
included mostly adults (mean age 26 yeas). primary studies evaluated 24 weeks of therajng
opertlabel extension followed people for an additional 96 weeks of therapy. TRAIRAGISPORT
and EVOLVEHNcluded people with ppFEYetween 40% and 90% (mean 60%); the other trial of
Orkambj Ratjen et al.includedyounger children who halling function closer to normal (ppFEV
>70%; mean 90%).

The trials evaluated various doses of lumacaftor (all used the same dé&sdydeco 250 mg twice
daily). TRAFFIC/TRANSPORT evaluated both lumacaftor 600 and 800 mg total daily; the FDA
approved dosage fardults is 800/500 mg dailfDrkambi) As study reporting allows, we focus on
data for the FDA approved dose. T@ekambitrial of children 6 to 11 years old used the FDA
approved dosage of 400/500 mg daily for this age range Shinedekdrial also usedhe FDA
approved dosage for adults (100/300 mg daily).

Study findings are described by therapeutic comparison below and summarized in Talde ES
pageES9
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Orkambi

People takingddrkambihad modest, but statistically significant, improvements in lung function over
six months compared to placebo. Both adults and adolescents 12 and older and children 6 to 11
years had net increases ppFEYof 2.8 (95% CI 1.8 to 3.8) and 25% CI 0.4 td.4)percentage
points, respectively, compared to placebo.

The effect oOrkambion weight was inconsistent across trials. TRAFFIC found no significant
difference in weight change compared witkacebq but the identically designed TRANSPORT study
found significant weight gain on the drug; pooled analysis found a small, but statistically significant
weight increase 00.24 kg/nt (95% CI, 0.11 to 0.37) compared to placebo. The dpleel extension
study found continued weight gain of about 0.75 to 1 k§taer 96 weeks. The randomized trial of
children 6 to 11 years old found no differersée weight measures

The respiratory domain of the quality of life measure G¥F@as statistically significantly different in
adolescents and adults betwe&rkambiand gacebo (2.2 points; 95% CI 0.0 to 4&jhough this
did reach the recognized clinically important difference of.4.0A similar, though statistically
nonsignificant effect was found in the trial of children (2.5 points; 95%.Cto 5.4).

TRAFFIC/TRANSPORT reported a significant reduction in risk of pulmonary exacerbations among
those takingOrkambi(rate ratio 0.61, 95% CI 0.49 to 0.76). Similarlgrélased rates of pulmonary
exacerbations were found in tH@6-week extension study (0.65 events/year, 95% CI 0.56 to 0.75).
The pediatric trial did not report on pulmonary exacerbations.

Symdeko

The randomized trial ddymdekan adolescents and adults reged modest butsignificant
improvements imppFEYcompared to placebo after 24 weeks (4.3%% CI 3.1 to 4.8symdeko
resulted in a clinically and statistically significant improvement in the respiratory domain eRCFQ
(5.1 units; 95% CI 3.2 to 7.®nepared to placebo and significantly lower rate of pulmonary
exacerbations (rate ratio 0.65; 95% CI 0.48 to 0.88). However, BMI and€8btiezavere not
significantly different between drug and placebo (0.06 BMI units [95% @ to 0.20]-0.04 z
scoreunits [95% Cl0.15 to 0.07]).

Orkambivs. Symdeko

No study has compared the two CFTR modulators approved for this population. However, by
indirect comparison (network metanalysis) of the two studies of adolescents and adults, we found
no statisticallysignificant differences in effects on ppREWImonary exacerbation®8MI zscore

or quality of life as assessed usthg respiratory domain athe CF@QR Detailed results are

available in the full report (see Section 3).
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TableER. Summary ofOrkambiand Symdekoon Clinical Efficacy Outcomes for Homozygdtx08delCFTR Mutations

Age Studies ppFEY Pulmonary Weight (Diff) CF®@R
Duration (N) (Absolute Diff), Exacerbation, Respiratory
Percentage Points Rate Ratio Domain (Diff)

Orkambi* vs. Placebo
Randomized Controlled Trials

6-11 yr Ratjen et al. 2.4 (0.4, 4.4) nd .aLY bLA®MnN EMXY HPp Obn
24 wk (N=204) BMIzZa O2NBY ndn
XMH €& NJ TRAFFIC 2.8 (1.8, 3.8) 0.61(0.49,0.76) BMI: 0.24 kg/n? (0.11, 0.37) 2.2 (0.0, 4.5)
24 wk (N=1108) TRANSPORT BMI zscore: nd
Extension Study (vs. Matched Controls)
XMH € NJ TRAFFIC 42% slowerrate
96wk 6 bT HAI TRANSPORT 2F RSOt Ay

Symdeko(100/500 mg) vs. Placebo
Randomized Controll€Drial
Mean 26 yr EVOLVE 4.0 (3.1, 4.8) 0.53 (0.34, 0.82) BMI: 0.06 kg/Mo b ndny ¥ 51(3.2,7.0)
24 wk (N=504) BMIzZ O2NBY ndnan
Symdekovs. Orkambi
Indirectcomparison EVOLVE vs. Tr/Tr M®PH ObLndm 0.87(0.53,1.42) 2.9 (0.0, 5.8)
EVOLVE vs. Ratjen BMIza O2 NBY bLnon

Results in bold font are statistically significant.
Abbreviations: BMIbody mass index, CHR Cystic Fibrosis QuestionnaiRevised, Diffdifference betweerKalydecand placebo, ndno data (not
reported), ppFEY predicted percent forced expiratory volume in one second, TITRAFFIC/TRANSPORT yweleks, yryear.

* Data are presented for the nowpproved dosages of lumacaftor (400 mg/day for childBell years old and 800 mg/day for older patients).
U hlSy 168t SEGSyarzy aiGdzRé 2F ¢w! CCL/ ke¢w! b{thwe¢ o6ylrnpp0 O2YLI NX
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3. Symdekoand Kalydecofor patients with heterozygous=508deimutation and a second
mutation amenable toSymdeko

Clinical Benefits

Key Findings: Based on a single shietm (8 week) crossver trial, Symdekoand Kalydecaboth
improved absolute and relative ppFE\ompared with placebo.Symdekagrovides astatistically
significant benefit ovelKalydeco Clinicallyimportant and statistically significant improvements
in respiratory symptomrelated quality of lifewere observed foboth Symdekoand Kalydeco
compared with placeboAt 8 weeks, BMI and pulmonary exacerbati®were not significantly
different between the two drugs and compared with placebo, howeytre follow-up duration
was likely too short to adequately evaluate these outcomes.

A single trial, EXPAND, evaluated b8ytmdekq100/300 mg daily) andalydecq300 mg daily)
monotherapy (compared to placebo) in patients heterozygous folRb@8delmutation with a
second mutation amenable 8ymdeko EXPAND was a cresger trial in which participants took
drug for only 8 weekén=234) Participants were 18ears or older with ppFEWetween 40% and
90%, and stable lung disea%e.

Findings are summarized in Tabl8B&S the following page Compared to placebo, both

interventions provided statistically significant impement in absolute ppRE: 6.8 percentage

points forSymdekd95% CI1 5.7 to 7.8) and 4.7 percentage pointKedydecd95% CI 3.7 to 5.8).

While the clinical significance of these improvements is unknown, these are larger in absolute terms
thanthose sen in the homozygous populatiorfBymdekalsoresulted in statistically superior
improvement compared t&alydecqdifference 2.1 percentage points; 95% CI 1.2 to 233)ndeko
andKalydecdooth yielded clinically and statistically significant improvemsen quality of life using

the CFGR respiratory domain score as compared to placehor(dekdll.1 points, 95% CI 8.7 to
13.6;Kalydecd®.7 points, 95% CI, 7.2 to 12.2), with no significant differesees in comparisons
between the two drugs. While takineither CFTR modulator, patients had fewer episodes of
pulmonary exacerbation (11 and 9 events, respectively) than while taking placebo (20 events), but
the differences were not statistically significant.

In addition to the randomized trial data reportéa Table E§ EXPAND reported subgroup
differences in effects dbymdekan ppF&: based on age. Those less than 18 years old showed a
12.0 percentage point improvement in absolute ppFf8% CI, 9.3 to 14).8vhereas those 18
years and older saw a 6.0 percentage point increase (4.9 to 7.0); however, data should be
interpreted with caution given only 11 patients under the age of 18 receiwpuideko
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Table ES. Summary ofSymdekoand Kalydecoon Clincal Efficacy Outcomes for HeterozygoeS08delCFTR Mutation

Age Study ppFEY Pulmonary Weight (Diff) CFGRR
N (Absolute Diff), Exacerbation, BMI, kg/n? Respiratory
Duration Percentage Points Rate Ratio Domain (Diff)

XMH € NJ EXPAND Symdeko(100/300 mg) vs. Placeb@andomized Controlled Trial)
N=234 6.8 (5.7, 7.8) 0.54 (0.26, 1.13) 0.34 vs. 0.18 (nd*) 11.1 (8.7, 13.6)
8 wk (crossover) Kalydeco(300 mg) vs. Placeb@andomized Controlled Trial)

4.7 (3.7,5.8) 0.46 (0.21, 1.01) 0.47vs. 0.18 (nd*) 9.7 (7.2,12.2)

Symdeko(100/300 mg) vsKalydeco(300 mg)Randomized Controlled Trial)
2.1 (1.2,2.9) 1.18 (0.49, 2.87) 0.34 vs. 0.47 (nd*) mMmdn O6bmdn
Results in bold font are statistically significant.

Abbreviations: BMIbody mass index, CHR Cystic Fibrosis QuestionnaiRevised, Diffdifference betweerKalydecaand placebo, ndno data (not
reported), ppFEYpredicted percent forced expiratory volume in one second, weeks, yryear.

* Insufficient data to allowcalculation of confidence interval; implied nonsignificant.
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Harms

For all three CFTR modulators, harms were nonserious and generally uncommon. Serious adverse
events, as defined by the studies, commonly occurred at the sarttaver rates among those

taking the CFTR modulators than those taking placebo, including adverse events ascribed to the
drugs. No deaths during CFTR modulator trials were related to the drugs. However, reasons for
CFTR modulator discontinuation included elevdieer enzymes, creatinine kinase levels,

hemoptysis, bronchospasm, dyspnea, pulmonary exacerbation, and rash.

Across studiessummary(i.e., meta-analyzedyates of discontinuation due to adverse events were:

Orkambi6.3% (95% CI 3.7, 9.6
Symdekd.5%(95% CI 0.1, 8)3
Kalydecdl.2% (95% CI 0.3, 2.5)
Pacebo 2.1% (95% CI 1.1, 3.4).

=A =4 =4 =

KSald GAIKGYySaa o ishcoycermhntiwé hedidSrdr patiehtsiahRclihicians,
however, theadverse event was only sparsely reported in the literature. In TRAFFIC and
TRANSPORT, abnormal respiration was more commorOskiEmbi(800/500 mg) than placebo
(8.7% vs. 5.9%); in the opdabel extension study, reported rates of abnormal respiratiomeve
between 1017% over 96 week$:® Of note, those with baseline ppFE70% reportd more chest
tightness than those with baseline ppREVT %72 -2080ws4 8%)22 A reatworld cohort study
reported that nearly 20% of patients reported chest tightné&sgbnormal respiration was not
reported to be a concern fd8ymdekaand clinical data showed no to low reping of this side
effect.!822 Symdekaalso has fewer drug interactions th&@rkambi®2°

Controversies and Uncertainties

CFTR modulator data is unfolding, witle evidence base f@ome regimensimited to afew
published studiesOutcomes of interest, particularly related to weight changes and pulmonary
exacebations, arenot consistently reported across studies. Thus, conclusionsdividual
outcomes arébased mostly on one or two trialEvidence othe comparativeeffects of CFTR
modulators(versus placebd)eyondsixmonths is sparse and largely inconohes however, with
non-comparative data out téhree years,Kalydecceffectiveness has been widely accepted in the
clinical community for certain mutationsor the homozygouB508deimutation population, there
are no trials that directly compare the two treatment optior®&ymdekaand Orkambi For the
heterozygoud-508demutation population, there is only a very shdaerm (8 week) crossover trial
comparing treatment options to eachtler or to placebo.

A key uncertainty relates to the relationship between improvements in lung functiom¢asured
by ppFEY and reductions in theate of pulmonary exacerbations/hile some level of benefiin
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lung function was seen in all studiexacerbations were not measured consistently and benefit
was notuniformly seen. Whilethere are structural explanations some cases (e.g., thendek
crossover EXPAND study may have been too short to capture differences in exacerlthgons),
degree to vhichreductions inexacerbatiorrates are contingent on or independent from effects on
lung function remains uncertain.

In addition, dta on thedurability and nature o€CFTR modulator effects on lung function are only
just emerging. Specificallhere is evidence indicating that these agents providprovementsn

lung function over the short term (albeit to varying degrees depending on agent and population),
but information on slowing of the rate of lung functialeclineover the longer term isot yet

mature and still developing.

Research on CFTR modulators is hampered by a number of factors inherent to the population of
people with CF. CF genetm highly complex and variahland the disease affects relatively small
populations when consated by type of mutation In addition, the recent FDA approval of
Symdekaowvas not limited to the population studied in the EXPAND trial, which required at least one
F508demutation. Therefore, we cannot state with any certainty how generalizable thdtsefsam
EXPAND are to patients with other mutations, for whom outcomes data are currently unavailable.
Additionally, where two drugs for the same population are available, thezdittle headto-head

data. For example, in theomozygoud$-508debpopulation, we do not have randomized studies
looking atSymdekoversusOrkambi

Other patient characteristics are also likely to impact the effectiveness of the drugs. Limited
evidence suggests that, in contrast with adults, children withRiié 7Hnutation do notreceivea
benefit with Kalydecowhile adolescents heterozygous for thB08demutation may have a
greater benefit withSymdekahan adults.

Additionally,variation within and across studies in the care delivered as paFo$ymptom
managemenhincreases the difficulty in interpreting the findings regardaagledbenefits of CFTR
modulators. Even within studies, there was wide variation in the concomitant therapies being used
by study participants. It is unknown whether there are any interaxtibetween the effect of the

CFTR modulators and any of the concomitant therapies. It is possible that the modulators have little
incremental benefit when used with some standard of care therapies or, alternatively, that some of
the concomitant therapies ay enhance their effectslt is also likely that this variability makes

even general indirect comparisons between active therapies that we conducted somewhat
problematicto interpret.

Nearly 85% of people with CF in the United States receive caexetlited CFcenters, which
provide multidisciplinary clinical car@his highquality, specialized approach to care has improved
survival for people with CAVlany of the CF trials discussed in this report were conducted in such
accredited CF centers, thusprovements in health outcomes seen among these patients (those
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assumed to be receiving best supportive care) likely reflect added benefits of CFTR modulators. We
identified uncertainties, however, regarding whether beneficial gains in survival arddtstti

unequally due to differences in access to US CF care centers. For example, Canadian CF patients
have been living longer since the nri@90s and currently live, on average, 10 years longer than
American CF patients despite higher usage of mucoRftéswhen comparing the US and Canada,

the difference between Canadian and US survival disappeared when US patients receiving Medicare
and Medicaid were excluded from survival data, suggesting CF patients receiving care through
public health insurance are missing out on 10 years of8ff& It is unclear whether patients are

receiving different care dependiran their insurance type or whether American CF patients with

public insurance are more likely to have important socioeconomic disadvantages that affect their CF
management. While lonterm studies are underway to evaluate the impact of CFTR modulators on
longterm survival, ensuring access to the highest quality CF care in the interim may improve the
survival of all CF patients.

Percent predicted~EVY was the primary outcome for most studies. However, it important to note
that ppFEVY is a surrogate measarof disease severity that attempts to measure lung function
relative to what is predicted in healthy persons of the same age andhsielitionaly, it remains
unclear what magnitude of changeppFEY is clinically relevant.

Evaluation of adverse events among people with CF is challenging because the most frequently
reported events may be due to the underlying disease, as evidence by the higher rates of adverse
events among those taking placebo than CFTR modulators.

Finally cystic fibrosis is a multisystem disease, yet many aspects of the disease have not been
systematically researched. Our evaluation of the impact of CFTR modulators is highly dependent on
those outcomes measured in the trial data, namely pulmonary functiaight, respiratory
symptomrelated quality of life and the number, type and annualized rate of pulmonary
exacerbations.

Summary and Comment
Kalydecdor patients with cystic fibrosis caused by gating and residual function mutations:

1 Kalydecqrovides mprovements in ppFEN5.0 to 10.7 percentage points in different
populations)weight, and respiratorsymptomrelated quality of lifg9.6 to 12.6 pointsjor
children, adolescents, and adulisver 24 weeks)onger-term follow-up (up to three years)
shows lung function, weight, and quality of life gains are durable across all gating mutations.

1 However, limited data suggest 6 to 11 year olds withRid 7Hnutation may not have
improved respiratory function and quality of life wikalydecdreatment.

1 Pulmonary exacerbations were less frequ@iR=0.46)shorter, and required fewer
hospitalizations and intravenous antibiotics fmatients takingkalydeco
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1 Fewer patients (across populations) discontinl&dydecadue to adverse events (1.2%)
than with gacebo (2.1%).

Across all subpopulationsgtes of discontinuation due to adverse events and severe adverse events
were similar folKalydecandplacebo.

Given the relatively consistent evidence arising from controlled trials of lung function improvement,

with clinically significant improvements and associated reductions in pulmonary exacerbations, and

with no evidence of significant harmsevinave high certainti(alydecrovides a substantial

(moderatelarge) net health benefit relative to best suppodigare We therefore assign a rating

2F GadzZLISNA2NE o! 0 G2 GKS Kalgd¥codthklpapdladiéh. Of Ay A Ol £ S

Orkambifor patients withcystic fibrosis caused by two copies of the F508del mutation:

A OrkambiimprovedppFEY: however,changes in absolute ppFEMere relatively modest
(2.4 to 2.8 percentage points).

A At 24 weeks, BMI increases witlrkambiamong those aged 12 years and ol@@i61
kg/m?), which was maintained over the subsequent 96 weeks; but no significant difference
wasfound in a study of younger children

A Treatment improved respiratory symptomelated quality of life in patients age 12 and older
(2.2 points) a similar improvement was found in a smaller studglofdren6-11 years old
but the effect was not statistally significant.

A The rate of pulmonary exacerbation was lower for patients aged 12 and older taking
Orkambi(rate ratio = 0.61)¢data were not reported in the study of yogar children

A Chest tightness (abnormal respiration) was reported as a side effect for those taking
Orkambiranging from8% in the Phase Il trials 89%in a realworld postapproval study.

A Rates of discontinuation due to adverse events were highe®ftambi(4.6%)than for
placelo (1.6%)within a trial in this population. Similar results were seen among all studies
across populations (6.3% vs. 2.1%, respectively).

In two large Phase Il trials and an accompanying8ék openlabel extension studyQrkambi
providedimprovementsin ppFEYas well as aeduced rate of declinen lung function however,
lung function improvements were modestndpatients also reported drugrug interactions a well
asabnormal respiration and otheside effects leading to discontinuatiofhus, ér patients
homozygous for th&508demutation, wehavehigh certainty Orkambiprovides a smahet health
benefit relative to placebo (i.eest supportive care), and therefore assess the evidence to be
GAONBYSylilté o0. 00

Symdekdor patients withcystic fibrosis caused by two copies of the F508del mutation:
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A Treatment withSymdekdmprovedabsolute ppFEM4.0 percentage pointsnd
respiratoryrelated quality of lifg5.1 points)compared to placebover24 weeks. No
sigrificant differences in weight were reported.

A Treatment educed the rate of pulmonary exacerbatiomer 24 weekgrate ratio = 0.53)

A In this population, ates of discontinuation due to adverse eventsre similar forSymdeko
(2.8%)and placebo(3.1%) Similar results were seen among all studies across populations
(2.5% vs. 2.1%, respectively).

A single paralletarm, Phase Il trial showedraoderate improvemat in ppFEYwith Symdekoand

reductions in the ratef pulmonary exacerbatigrhowever, the trial was relatively short in

duration. Discontinuation due to adverse events was lower than seen in the trial of @ikanhle

a single, shorturation trial only provides moderate certaintygrfpatients homozygous for the
F508demutation,we2 dzR3IAS (G KS ySi& KSI t (i Kncrén@eytd2™N (0 S20F0 SINEY RS .
indicatingmoderate certaintyof a small or substantial net health benedibd high certainty of at

least asmall benefit.

Symdekdor patients withcystic fibrogs caused by one copy of the F508del mutadind a second
mutation amenable t&Gymdeko

A Treatment withSymdekaesulted inimprovement in absolute ppFEY6.8 percentage
points)and respiratory symptomelated quality of lifg(11.1 points).

A The treatmenteffect on pulmonary exacerbations and BMI was exploratory, ahlg to
smallpatientnumbers and shortrial duration (8 weeks)

While asingletrial showedevidence of improvement in lung functidar Symdekaompared with
placelo, the study was of shoduration gight weeks) andised a crossover desigri.on@r-term
studiesto confirm effects on pulmonary exacerbation and weight gain are neceséargbove, the
current trial evidence provides only moderate certainyt the level of benefit demonsttad
suggestshat Symdekagrovides a small or substantial net health benefit, with high certainty of at
least asmallnet health benefit relative to placebo (i.e., best supportive care). Therefore, we assess
0KS SJAR $wrérental NI & (i B pients heterozygous for thE508del

mutation with an approved residual function mutation
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LongTerm Cost Effectiveness

We conducted a costffectiveness analysis usingla novomicrosimulation model comparing CFTR
modulator treatments plusest supportive care to best supportive care alone for CF patients. We
modeledthe same three populations described in the project scope (i.e., those with gating
mutations, homozygous fd¥508del and heterozygous fd¥508delvith a residual function

mutation potentially responsive to treatment). The CFTR modulators of interest for these three
populations were:

1. Gating mutationsKalydecqwith patients initiating treatment at two years old)

2. Homozygous for th&508demutation: Orkambior Symdekdwith patients initiating
treatment at six years old).

3. Heterozygous for thé-508demutation and a residual function mutation thate potentially
responsive tdreatment: Symdekoor Kalydecqfor patients initiating treatment at 12 years
old).

CFisacdRAGA2Y @ KAOK T I-raré diseadr/frRnteNdrkL Theraf@e) wedzbnsideded
whether to adoptdual basecase analysesased orhealth system and societal perspectives.
However,while the impact of this diseasmn be substantialn patient and caregiver productivity,
andinformal caregiver timgthe impact of treatment with the CFTR modulators on societal costs is
not expected to besubstantialin proportion to the health system costsecause the drugs do not
greatly reduce the dily burdens associated with usual CF supportive care. We therefore present
the results from a societal perspective as a scenario analysis rather than as paitalbase case.

Outcomes were estimated over a lifetime time horizon using-pear time ircrements from
treatment initiation until death. The primary health outcome was quadithusted life years
(QALYSs) but we also report life expectancy and the lifetime number of acute pulmonary
exacerbations. Costs and health outcomes were discounteflogted year. A comprehensive list
of model assumptions, along with the rationale for each, is available in Section 4 of the report.

The primary model variable was percent predicted forced expiratory volume in one second
(ppFEY), modeled as a continuousnable. For each population, a cohort of CF patients begins the
model at the age of drug initiation. Each simulated patient is assigned a pyphi&®/drawn from a
distribution and then experiences annual agjgecific declines in lung function. In adioiit to

ppFEY, the model tracked the values of other variables for each simulated person: wieigage
z-score, number of acute pulmonary exacerbations per year (defined as exacerbations requiring
intravenous antibiotics), pancreatic sufficiency, lurengplantation, and diagnosis of-@fated
diabetes o1B. cepacianfection. During any given year, a simulated person may experience a
change in their ppFEMexperience one or more pulmonary exacerbations, be diagnosed with
diabetes mellitus oB. cepam infection, or undergo lung transplantation. The annual risk of death
is influenced by all of these variabldsQ5D uility valuesderived from a sample aystic fibrosis
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patientswere assigned based on lung function or receipt of lung transplamtatisutilities were
assigned for acute pulmonary exacerbatiof@r the treatment arms, we allowed the initial ppREV
and weightfor-agez-score values to change based on trial resattassumptions in the absence of
data We also allowed the risk otate pulmonary exacerbation to decrease with treatment,
independent of the improvement in ppFEV

All costs were adjusted to 2017 US dollars using the personal consumption expenditure (PCE) price
index. Annual net drug acquisition costs for eas derved fromthe Federal Supply Schedule

(FSS) to determine discounted (net) pricealydecaand Orkambi(Table 4.5%° AsSymdekovas

only recently approved by the FDA, information on its net pricing was not yet available. We
therefore applied the FSS discount rate @nkambi(3.2%) to the wholesale acquisition cost (WAC)

of Symdekdo arrive at an esthated net price.

We assumed thatannual @5 f  § SR KSI f G KOFINB O02aida 20SNI Ly Ayl
components (not including the cost of the CFTR modulator drugs): disease management, acute
pulmonary exacerbations requiring 1V antibastj and transplantelated costs.Both disease
management and pulmonary exacerbation components incorporated a gradient cost structure that
was derived fronLieu et al. to reflect increasing costs with increasing disease severity categories
(mild, moderag, and severe ppFEWategoriesf® An agerelated adjustment (<18 or 18+) was
included in the exacerbation componenio derive current best supportive care costs, we used

two average annual cost estimates basedaorunpublishedgnalysis of 2016 commercial payer and
Medicaid claims data ($130,879 and $83,173 in 2016 US ddarSyosseyersonal
communicationApril 12, 2018)Transplantrelated costs include the orme cost of receiving a

lung transplant followed by an annual cost associated with-frastsplantation care.

BaseCase Results

Overall, all three CFTR modulator therapies provided substantial health benefits (rangesdf 5.0
gain in discounted QALY%54.3 gain in discounted life years) at a substantial increase in direct
medical costs (range of $4%6.3 million in discounted costs) (TabledES

The incremental costffectiveness ratios fakalydecdor individuals with a gating mutatiowere
approximately 4.5 millionand $60,000per life yearand QALY gainerkspectivelyTable ESY)For
individuals who are homozygous for tR808demutation the incremental coseffectiveness ratios
for Orkambiand Symdekoversus best supportive care were apgimately $91,000per QALY and
$974000per QALY, respectively, and approximately3#tillionand $14 millionper life year
gained, respectivelyFor individuals who are heterozygous for tR808demutation with a residual
function mutation, the increnental costeffectiveness ratios fakalydecand Symdekan this
population were approximately®t0,000QALY and&11,000per QALY, respectively, and
approximately $13 million and $12 million per life year gained, respectively.
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Table E&. Results fothe Base Case for CFTR Modulators Plus Best Supportive Care (BSC)
Compared to BSC Alone, By Study Population (Discounted at 3% per Year)

Population and Average .
FTR D { Total t Total Life Y Total QALYS

CF Individualsvith A Gating Mutation

C $0 $2,227,765 32.75
KalydecoPlus BSC $7,443,121  $8,666,308 18.86

CF Individuals Homozygous fB608deMutation

C $0 $2,108,199 26.02 20.77 14.74
OrkambiPlus BSC $5,847,893  $6,983,336 11.45 24.57 20.21
SymdekoPlus BSC $6,290,005 $7,478,684 13.36 24.70 20.25
CF Individuals Heterozygous f&608deMutation with Residual Function Mutation
BSC $0 $2,081,180 25.51 18.98 12.92

KalydecoPlus BSC $6,447,156  $7,557,596 10.85 23.07 18.74
SymdekoPlus BSC $5,934,935 $7,091,919 12.68 23.25 18.88

CFTRCystic fibrosis transmembrane conductance regulaiEx: pulmonary exacerbations; QALYS: quality
adjusted life years; BSC: best supportive care

22.16
26.52

15.92
22.65

Table ES. Incremental CosEffectiveness Ratio€ompared to Best Supportive Care (BSC) for the
Base Case

Treatment vs. BSC Cost Per LY Gained Cost Per QALY Gained Cost Per PEx Averted

CF Individuals with a Gating Mutation

$1,476,543 $956,762 $463,571
CF Individuals Homozygous fB608deMutation

$1,280,892 $890,739 $334,495

$1,367,400 $974,348 $424,212

CF Individuals Heterozygous f6608deMutation and Residual Function Mutation

$1,340,171 $941,110 $373,541

$1,174,508 $840,568 $390,600

BSC: best supportive care; LY: life year; QALY: quality adjusted life years; PEx: pulmonary exacerbation

Sensitivity and Scenario Analysis Results

To demonstrate effects of uncertainty on both costs and health autes, we varied input

parameters using available measures of parameter uncertainty (i.e. standard errors) or reasonable
ranges to evaluate changes in cost per addition QALY for CFTR modulators plus best supportive care
versus best supportive care alonall analyses were most sensitive to assumptions about lung
function-specific utilitiesthe independent effect othe drugs on the reduction of acute pulmonary
exacerbations, and the discount rate; while changese of these changessulted in large

variation in costffectiveness estimates) no case did the resulepproach commonly cited

thresholds.
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We also evaluated the uncertainty in the model parameters simultaneously by conducting a
probabilistic sensitivity analysis. For all CFTR modulators in all CF populations evaluated, the
number of iterations in which the CFTR modulators were-effectiveat a WTP threshold of

$500,000 per QALY or less was 0%. For example, the 95% credible interval for the incremental cost
effectiveness ratios fakalydecaompared with best supportive care wa8@®500to $1,591,500

per QALY for CF individuals with ggtmutations.

In a scenario analysisanncorporated the costs associated with lost productivity in individuals with
CF. For individuals with a gating mutation we projected that the difference in lifetime (discounted)
indirect costs was $3600. Includig productivity losses in the analysis resulted in incremental
costeffectiveness ratios fakalydecovery similar to those seen in the base caseé5@100per

QALY societal vs9%$6,800per QALY base case). Estimates for the incrementaktfestiveness
ratios for the CFTR modulators for the other two populations also tracked very closely with base
case estimates/Ne did not include impacts on patient educational levels or caregiver costs in this
analysis, given the lack of evidence tHas varies bylung function or is impacted by CFTR
modulators. The addition of direct nérealth care costs that are not affected by CFTR modulator
treatments wouldlikelyresult in an increase in total societal cqostae toour modeledincrease in

life expectancy wh modulator therapy

In the base case we assumed that CFTR modifiers would result in 50% of the annual decline in
ppFEYthat would be seetfor best supportive care, aftex 2year periodwithout any decline. In
anotherscenario analysis we varied that assumption from 0% (i.e., no declines iniapfeEthe
individual? lifetime) to 100% (i.e., the same annual declines as those on best supportive care after
the first two years on drug)As an examplepf CF individualwith a gating mutation, the

incremental coseffectiveness ratio foKalydecovas $20,400 per QALY when we assumed that
there was no londerm decline in ppFEVi.e., the drug increased ppFEAL the start of therapy

YR AYRA@ARdzZ f dned condmhBfor thelrgninderof/theiNetfteBimilar

declines in ICERs were found with other drugs and populatlmrtsagain did not approach
commonlyaccepted thresholds

Two other scenarios were explored. In one scenariewgoredthe impact d assuming that
ppFEYwould not fully recover after a pulmonary @&erbation. Assuming a 5% absolute decline in
ppFEYfor each pulmonary exacerbation experienced reducescthet-effectiveness ratiopy
approximately 25%. We also examined the impact of allowing an independent increase in utility
above that due to lung function improvement. Assing a 5% increase in utility with CFTR
modulator drugs reduced basmasecosteffectiveness ratioby approxmately 15%.
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Threshold Analyses

Theannualprice for each drug at whicime drug for CF individuals witklevant mutations would
be costeffective at thresholds of $50,000, $100,000, $150,000, $200,000, $300,000, and $500,000
per QALY is shown in Tabl&6ES

Table EB. Threshold Analysis Results

Price to FEEY | P i Price to Price to Price to

Estimated | Estimated . Achieve | Achieve : ) )
Annual Annual Achieve $100.000| $150 000 Achieve Achieve Achieve
' ' $200,000 | $300,000| $500,000

’ $50,000
WAC Net Price ‘ per per
per QALY QALY QALY per QALY| per QALY| per QALY

CF Individuals with A Gating Mutation
$311,719 $300,842 $55145 $69,142 $83,146 $97,142 $125149 $181,149

CF Individuals Homozygous f6608deMutation
Orkambi $272,886 $264,090 $55,562 $67,820 $80,063 $92,321 $116,822 $165,824
Symdeko $292,258 $282,850 $53,210 $65,467 $77,718 $89,976 $114,484 $163,501
CF Individuals Heterozygous f6608deMutation and Residual Function Mutation
Kalydeco $311,719 $309,842 $60,295 $74,175 $88,054 $101,934 $129,693 $185,211
$202,258 $282,850 $57,921 $71969 $86,016 $100,071 $128,166 $184,356
WAC: wholesale acquisition cost; QALY: quality adjusted life year gained

SinceKalydecaand Symdekaare each used for treatment in two different populationge also
calculated populatiorweighted threshold prices using estimated numbers of patients in each
population(3,000 CF individuals with gating mutations, 8,464 CF individuals homozygous for
F508caI mutation, and 6,195 CF individuals heterozygoud-@8demutation and residual
function mutation) ForKalydecgthe blended annual price across the twadevantpopulations
rangedfrom approximately $58,60@t the $50,000 per ALY threshold to appiximately $183,900
at the $500,000 per QALY thresholbrSymdekothe Hendedannualprice across the twaelevant
populations ranged from approximate$b5,200at the $50,000 per QALY threshold to
approximately$172,300at the $500,000 per QALY threstiol

Summary and Comment

We developed an individu#ével microsimulation model to project the lifetime benefits and costs
of CFTR modulator therapies for three differentgdpulations The drugs increased lung function,
increased weighfor-age zscores, and decreased the number of acute pulmonary exacerbations
and lung transplantations over the lifetime of individuals. The drugs did not impaeungn
aspects of the disease, nor did they decrease the need foel@ted supportive care. Overall] al
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drugs (plus best supportive care) evaluated were very effective compared with best supportive care
alone in all populations studied, with quak&gjusted life year gains ranging frds7to 6.73
(discounted). With (discounted) CFTR dreigted costganging from &.9million to $7.4 million,

the incremental coseffectiveness ratios of drugs plus best supportive care compared with best
supportive care alone were approximatel§.8million per QALY for all drugs in all populations
considered. Our resis were robust to variations to parameter estimates, adoptingadified

societal perspective, or using life years gained as the health outcome, except for unit drug costs.

Other Benefits and Contextual Considerations

Our reviews seek to providaformation 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 on comparative clinical effectiveness. Thesatslare
fAa0SR Ay GUKS (dlFrofS o0St2¢gd !'a / Cé¢w Y2Rdz I (12 NE&
ultra-rare condition (https://icefreview.org/wp-content/uploads/2017/11/ICEfRAdaptationsof-
ValueFrameworkfor-RareDiseases.pdf) additional elemis appear in the table that are assessed

for such conditions.
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Other Benefits

TableES7 Potential Other Benefits and Contextual Considerations (Not Specific to Any Disease or
Therapy)

Potential Other Benefits ‘

This intervention offers reducecbmplexity that will CFTR modulator treatment is often additive to

significantly improve patient outcomes. current treatment regimens, and may therefore
increase complexity afaily, routine CEare.
However, reductions in the rate and/or intensit
of pulmonary exacerbations magduce patient
and caregiver burden over time

This intervention will reduce important health disparities | No impact identified

across racial, ethnic, gender, sogiconomic, or regional

categories.
This intervention will significdly reduce caregiver or As described above, CFTR modulatwesnot
broader family burden. likely to reduce the daily burden of managing C

but may reduce patient/caregiver burden with
regard to managing exacerbatians

This intervention offers a novelechanism of action or CFTR modulators are the first and only

approach that will allow successful treatment of many treatments that target the underlying defect in

patientsfor whom other available treatments have failed = the CFTR protein caused by spedifigtations in
the CFTRyene.

This intervention will have a significant impact on improvi In patients with FEV1<40%, CFTR modulators

GKS LI GASyiQa loAaAftAGe G2 1YFe AyONBI asS i KSorklahdi A

overall productivity. improve overall productivity.

This intervention will have a significant positive impact No impact identified

outside the family, including on schools and/or

communities.

This intervention will have a significant impact on the enti No impactidentified

GAY TOH azlBEHz 2F OF NBX Ay Of dzf

affected patients, on the sensitization of clinicians, and ol

the dissemination of understanding about the condition,

that may revolutionize how patients are cared for in many

ways that extend beyond thedatment itself.

Other important benefits or disadvantages that should ha No impact identified

an important role in judgments of the value of this

intervention.

©lnstitute for Clinical and Economic Review, 2018 PageE23
FinalEvidence Repox Cysic Fibrosis Return to Table of Contents




Contextual Considerations

Potential Other ContextuaConsiderations

This intervention is intended for the care of individuals wi Cystic fibrosis significantly impacts both length

a condition of particularly high severity in terms of impact and quality of life.

on length of life and/or quality of life.

This intervention is intended for the care of individuals wil Patients with cystic fibrosis have a high lifetime

a condition that represents a particularly high lifetime burden of illness.

burden of illness.

This intervention is the first to offer anignprovement for While CFTR modulators are the first to target

patients with this condition. disease pathologygdvancementsn supportive
care have also greatly improved prognosis for !
patients.

Compared to best supportive treatment, theresignificant = Serious side effects of CFTR modulators appe

uncertainty about the longerm risk of serious side effects| to be minimal compared to theffects of the

of this intervention. underlying disease; however, lotgrm dataare
not yet available.

Compared to best supportive treatment, there is significar The longterm effects of CFTR modulators on tf

uncertainty about the magnitude or durability of the long = rate of disease progression are starting to

term benefits of this intervention. develop butremain sparse. The magnitude anc
durability of CTFR modulator benefit has not
been reliably quantified at this time.

There are additional contextual considerations that shoul No impactidentified

have an important role in judgments of the value of this

intervention.

Potential Budget Impact

We usedesults fromthe same model employed fahe costeffectivenessanalysego estimate the
total potential budget impact o6ymdekan cystic fibrosis, specifically for those heterozygous or
homozygous for th&508demutation. Potential budget impact was defined as the total differential
cost of usingsymdeklus best supportive careather than relevant existing therapy for the
treated population, calculated as differential health care costs (including @ystg) minus any
offsets in these costs from averted health care evemie estimated the eligible prevalent
population in the United States, derived from the 20Qgstic Fibrosis Foundatiétatient Registry
Annual Data Repottat 8,464cystic fibrosis patientsver the age of &vith two copies of the
F508demutation, and6,195 cystic fibrosis patients/er the age of 12vith one copy of thé=508del
mutation.

Table E8 shows theper-patient budget impact calculains forSymdekan those homozygous for
the F508demutation relative tocurrent careassumingdrkambiplus best supportive care B0%
andonly best supportive car@n 50% based orprescribing rates foDrkambi! The average
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potential budgetary impact when using the WAQ9$258) was an additional pgpatient cost of
approximately $17,300 and approximately $19100 using the discounted WAC2$2850). At the
three costeffectiveness threshold priceat($50,000,$100,000 ands150,000 per QALY), there
would beestimatedcost savingsbecause while there would be increased costs from using
Symdekan addition to best supportive care, these additional costs would be mae difset by
the replacement oOrkambiat net price bySymdekaat the much lower assumed threshold prices.

TableES. PerPatient Budget Impact Calculations Over a Fixgar Time Horizon for Individuals
Homozygous foF508deMutation

Average Annual PelPatient Budget Impact

WAC Discounted $150,000/ $100,000/ $50,000/
WAC QALY QALY QALY
Symdeke-BSC $300,749 $292,545 $113,699 $98,765 $92,331
OrkambiBS@50%)&
BSQ50%) $183,418
Difference $117,331 $109,128 ($69,719) ($84,653) ($91,078)

WACwholesale acquisition cost; QALY: quality adjusted life year; BSC: best supportive care
*Indicates cosfsaving

Table E8 shows theper-patient budget impact calculations f@&ymdekan those with oneF508d¢
mutation and a residual function mutation, compared to current cassumingKalydecmlus best
supportive care irb0% and best supportive caire50%. The average potential budgetary impact
when using the WAC 2892 258) was an additional pgpatient cast of approximately $8,800 and
approximately 84,600using the discounted WAC282850). At the three coseffectiveness
threshold pricesdt $50,000,$100,000 andt150,000 per QALY), there would éstimatedcost
savingsagain because the increasedstofrom usingsymdekan addition to best supportive care
would be more than offset by the replacementkdlydecat net price bySymdekaat the much
lower assumed threshold prices.

TableESQ. PerPatient Budget Impact Calculations Over a Fixgar Time Horizon for Individuals
with F508deMutation and ResidualFunction Mutation

Average Annual Per Patient Budget Impact

WAC Discounted $150,000/ $100,000/ $50,000/
Symdeka-BSC $301,966 $293,776 $122,441 $110,212 $97,983
Kalydeco+BSC
(50%)& BSA50%)
Difference $92,781 $84,591 ($86,744) ($98,973) ($111,202)
WAC: wholesale acquisition cpQALY: qualitadjusted life year, BSC: best supportive care

*Indicates costsaving

$209,185
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Forthe combinedpopulations of interest, the annual potential budgetary impact of treating the
entire eligible populationwith Symdekaat the net price over five yeais %% of the $915 million
threshold but exceeded the threshdlby 26 using WACWhile the total number of patients
eligible for treatment withSymdekas relatively low (n = 14,659), the increased cost per patient
from usingSymdekaverthe current treatment mix leads to a total estimate approaching the
budget impact thresholdNote that this number mayctuallybe understatedbecause the
approved FDA label f@ymdekallows treatment beyond those havirag leastone copy of the
F508demutation, so long as the mutation is responsiveSymdekdthroughin vitro or clinical
data)®

TableES10Estimated Total Potential Budget Impact 8fymdekadfor Treatmentof Eligible
PopulationsUsing Net Prices Over a Fiyear Time Horizon

Eligible N Treated per Annual Bl per Total B Percent of
| e | ] "™ | oo | s
Symdeko 8,464 1,693 $109,128 $552,527,040 60%

Heterozygoud=508delith Residual Function Mutation
6,195 1,239 $84,591 $312,510,796 34%
Total EligibleUSCHPopulation*
14,659 2932 $172,274 $865,037,837 95%
Bl: budget impact
* Annual BI per patienfor total US CF populationeighted by percentageontribution.

Value-Based Price Benchmarks

Our valuebased benchmark prices f&alydecoOrkambj andSymdekaare presented in Table

ES 1. AsKalydecand Symdekaare each used for treatment in two different populations, we
calculated blended threshold prices weighted by estimated numbers ofrgatie each population.

For each drug, the discounts required to meet both threshold prices (>70%) are much greater than
the currently assumed discount from WAC.

TableES 1. ValueBased Benchmark Prices fiialydecq Orkambi andSymdeko

AnnualPrice | AnnualPrice .
AnnualNet . . Discount from
Annual to Achieve to Achieve

Pri ith WACto Reach
rice(wi $100,000 $150,000 o ea(.:
Mark-Up) Threshold Prices

per QALY per QALY
Kalydeco $311,719  $309,842

WAC

$72,538 $86,453 72% to77%

$272.886  $264,090  $67,820 $80,063 71% t075 %
Symdeko $202,258 $282,850  $68,25 $81,25 72% to 77%

QALY: qualibadjusted life year
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Midwest CEPAC Votes

¢ KS

aARgSad /9t!'/ tlIySt RSt A0SNI @SiRythe gublit S &

meeting on May 17, 2018. The resultsluése votes are presented below, and additional
information on the deliberation surrounding the votes can be found in the full report.

Comparative Clinical Effectiveness

1)

2)

3)

4)

For individuals with approved gating, negating, and residual function mutations

(induding but not limited to G551D and R117H), is the evidence adequate to demonstrate
that the net health benefit of treatment with Kalydeco (ivacaftor) with best supportive

care is greater than that of best supportive care alone?

‘ Yes: P votes ‘ No: 0 votes ‘

For individuals who are homozygous for the F508del mutation, is the evidence adequate
to demonstrate that the net health benefit of treatment with Orkambi
(lumacaftor/ivacaftor) with best supportive care is greater than that of best supportive
carealone?

‘ Yes: 1 votes ‘ No: 1 votes ‘

For individuals who are homozygous for the F508del mutation, is the evidence adequate
to demonstrate that the net health benefit of treatment with Symdeko
(tezacaftor/ivacaftor) with best supportive care is greater thahat of best supportive

care alone?

‘ Yes: 12 votes ‘ No: 0 votes ‘

For individuals who are homozygous for the F508del mutation, is the evidence adequate
to distinguish the net health benefit between treatment with Symdeko with best
supportive care andDrkambi with best supportive care?

‘ Yes: 1 votes ‘ No: 11 votes ‘
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5) For individuals who are candidates for Symdeko combination therapy because they carry
one F508del mutation and residual function mutation that is potentially responsive to
Symdeko, is theevidence adequate to demonstrate that the net health benefit of
treatment with Symdeko with best supportive care is greater than that of best supportive
care alone?

| Yes: 11 votes | No: 1 votes ‘

Other Benefits and Contextual Considerations

When compared tdbest supportive care, does Kalydeko, Orkambi, or Symdeko offer one or more
2T GKS F2ftt26Ay3 Ga20KSN) 6SYySTAGA¢éK o6@Sax y23 dzy

Potential Other Benefits # of votes
This intervention offers reduced complexity that will significantly improve patietdaues. 4/12
This intervention will reduce important health disparities across racial, ethnic, gender; socio | 0/12
economic, or regional categories.

This intervention will significantly reduce caregiver or broader family burden. 8/12
This intervention offers a novel mechanism of action or approach that will allow successful | 10/ 12
treatment of many patient$or whom other available treatments have failed

CKAA AYOGSNBSyGAz2zy @Attt KIF @S I abiif 6 kefirk ©wofki 7/12
or school and/or their overall productivity.

This intervention will have a significant positive impact outside the family, including on schoo 3/ 12
and/or communities.

This intervention will have a significant impagfo G KS Sy GANBE aAYyFNI adh2/12
effects on screening for affected patients, on the sensitization of clinicians, and on the

dissemination of understanding about the condition, that may revolutionize how patients are

cared for in many waydat extend beyond the treatment itself.

Other important benefits or disadvantages that should have an important role in judgments o 7/ 12
value of this intervention.
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Are any of the following contextual considerations importantinassgési Y| f @ RS02 Q&
2 NJ { @ Y R S-erthQalue forangrigy in patients? (yes, no, uncertain)

Potential Other Contextual Considerations # of votes ‘
This intervention is intended for the care of individuals with a condition of particularly high 12/12
severity in terms of impact on length of life and/or quality of life.

This intervention is intended for the care of individuals with a condition that represents a 12/12
particularly high lifetime burden of illness.
This intervention is the fitdo offer any improvement for patients with this condition. 5/12

Compared to best supportive treatment, there is significant uncertainty about thetienmg risk of | 3 /12
serious side effects of this intervention.

Compared to best supportive treatmerthere is significant uncertainty about the magnitude or 10/ 12
durability of the longterm benefits of this intervention.

There are additional contextual considerations that should have an important role in judgmen 7 /12
the value of this intervention.

LongTerm Value for Money

1)

For individuals with approved gating, negating, and residual function mutations
(including but not limited to G551D and R117H), given the available evidence on
comparative clinical effectiveness and incremental costegtiveness, and considering
other benefits and contextual considerations, what is the loigrm value for money of
Kalydeco with best supportive care compared with best supportive care alone?

| Low: 10 votes | Intermediate: 2 votes | High: 0 votes |

2)

3)

Forindividuals who are homozygous for the F508del mutation, given the available
evidence on comparative clinical effectiveness and incremental cost effectiveness, and
considering other benefits and contextual considerations, what is the léegn value for
money of Orkambi with best supportive care compared with best supportive care alone?

| Low: 11 votes | Intermediate: 1 votes ‘ High: 0 votes ‘

For individuals who are homozygous for the F508del mutation, given the available
evidence on comparative clinicaffectiveness and incremental cost effectiveness, and
considering other benefits and contextual considerations, what is the léegm value for
money of Symdeko with best supportive care compared with best supportive care alone?

‘ Low: 11 votes ‘ Intermediate:1 votes ‘ High: 0 votes ‘
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4) For individuals who are candidates for Symdeko combination therapy because they carry
one F508del mutation and residual function mutation that is potentially responsive to
Symdeko, given the available evidence on comparative clieffectiveness and
incremental cost effectiveness, and considering other benefits and contextual
considerations, what is the longerm value for money of Symdeko with best supportive
care compared with supportive care alone?

| Low: 11 votes | Intermediate:1 votes | High: 0 votes |

Key Policy Implications

Following its deliberation on the evidence, the Midwest CEPAC Panel engaged in a moderated
discussion with a policy roundtable about how best to apply the evidenceaxtulator treatments
for cystic fibros to policy and practice. The policy roundtable members included one patient
advocate, one caregiver, two clinical experts, and two payers. The discussion reflected multiple
perspectives and opinions, and therefore, none of the statements below shoukkba as a
consensus view held by all participants.

Key Recommendationsn Pricing and Access

1 The prices for CFTR modulators are too high, harming patients and families today while
GKNBFGSyAy3a GKS K Stomainkin &ckelisBor &l paiiantS tg inportdntd A £ A (1 &
future clinical advances. Benefiting from monopoly prigower, the company bears a
significant social responsibility to changeptiingapproach by committing to the following
two actions:

1 Abandon vage claims that prices are justified by the need to invest in future
research and instead join the growing number of biotech innovators who provide a
transparent, explicit justification for their prices based on the ability of treatments
toimprovetheleng K I yR ljdzr t AGe 2F LI GASyiaQ tA@Sa
1 Accept that the process for determining a reasonable price for new drugs requires
innovators, especially those with monopoly pricing power at their disposal, to
exercise restraint and be open to an independent process/aduate fair pricing
that includes the full engagement of the innovator, patients, patient advocacy
groups, clinical experts, insurers, and other stakeholders.

1 Public and private payers shouwdntinue to affirm their commitment to provide access to
important clinical advances for CF and shaelthove superfluous requirements for
coverage approval and continuation
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1 Since insurance coverage denial for CF drugs is off the table, payers shaulléhigeto
develop and adopt new approaches to moderate the impact of monopolistic pricing power.

1 Patient organizations that have a leading role in funding, organizing, promoting, and
otherwise fostering innovative research on new treatments shai@chandcommitments
from manufacturers for sustainable pricing of the products patients helped bring to the
market.

1 Professional societies shouidly exercise their responsibility by bearing witness to the
impact on their patients of failed pricing and insucarpolicies and by demanding to be part
of the public process that should guide pricing to balance the needs for affordability and for
investments in future innovation.

Recommendationgo Improve Future Research

1 Future studieshould measure and reportl@oad set of outcomes to better assess the
health and economic impact of CF interventions to patients, their caregivers, and their
health system.

1 Manufacturersponsored researcbhould enroll patients who are ah encountered in
clinical practice, but Wwo are routinely excluded from clinical trials.

1 Leverage all available resources to maxintimeevidence base.

Because CF is relatively rare, effort should be made to maximize use of all existing data,
including routinely collected information.
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1. Introduction

1.1 Background

Cystic fibrosis (CF) is the most commondifiertening genetic disease @aucasian populationsts
birth prevalence varies by ethnic descent. In tifgagproximately 1 ir8,000Whites are born with
CF, but it is less common among in Latinos (106310,000) and African Americans (1 in 10,000
20,000) According to the Cystic Fibrosis Foundation Annual Referpverall prevalence of CF in
the US in 2016 was 30,00AIthough rare, CF representsabstantialeconomic burden.In 2013,
CFrelatedhospital cost@lonewere estimated toexceed $.1 billion3!

Pathogenesis

Over 180Qystic fibrosis transmembrane conductance reguld€@iFTIRgenemutationshave been
describedo be associated with CBut the functional significance of only a subset is known. Based
on the Clinical and Functional TranslatiorC&fTRepositoty, a little over 300 mutationkave been
characterized in detafl CFcausingmutations result in absent, not functioning, abnormally
functioning CFTR proteirRatients with CF carry pathogenic mutations in both copfeh@CFTR
gene. People with pathogenic mutations in only one copy of @€TRyene do not manifest CF but
are carrierof the disease The most common pathogenic mutation is #&08demutation. This
mutation (a loss of phenylalanine at the 30gosition) causes the protein to misfold and become
marked for degradationAbout 86%of all CF patientkave at least one copy of the mutatioof
thesepatients,approximately41% are heterozygous and 46% are homozygdéushothercommon
mutation is G55, which is found irmpproximately 5% of CF patieritin patients with at least one
copy ofG551Dsome of the protein folds correctly, but when it reaches the apical membrane it does
not open appropriately to let chloride ions flow normall

The following is an oftised classification scheme for mutations that are known to causA\CF.
classification system for the most commpathogenicmutations of theCFTRjene describefve
classes

A Class | (transcriptieatopping or "Xgroup") mutations result in no CFTR protein being
produced.

A Class Il mutations ("folding mutations") result in protein formation (folding) and trafficking
defects that hinder the transport of the CFTR to the apicaioraneof cells This group
includes the most common &fausing mutationf508del

A Clasdll mutations ("gating mutations") result in a néumctioning CTFR protein on the
apical membranef cells An example is thaforementionedG551Dmutation, whichis
responsible for approximately 5% of CF cases.
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A Class IV and V mutations are associated vagiidual functionreduced functionalityof
CFTR

CF is a progressive disease that affects many organ systems, though most of its morbidity and
mortality areassociated with its impact on the respiratory systelm epithelial cells, the CFTR gene

is transcribed and translated to produce the CFTR protein, which is in turn, transported to the apical
membrane, the part of the membrane that faces inwards towalhsslumen of an organ. There it

acts as ahlorideion gae and contributes to the regulation of salt transport in and out of the cell.
Mutations to the CFTR gene can affect the amount of CFTR protein that is produced and transferred
to the apical membrae or the CFTR protein's ability to regulate chloride and sodium ion*flow.

Failure to express normalfynctioning CFTR protein in the apical (luminal) membrane of epithelial
cells leads to thickened secretions in the lung, gastrointestinal tract, pancreas, and ajaesor

These thickenedecretionsare an integral part of the cascade that cause the primary

manifestations of CF

In the lungs, the thickeneskecretiondeadto decreased mucociliary clearanaed chronic bronchial
infection, which result imnung destruction over time. Daily aggressive pulmonhaygiene(i.e.,
nebulizedmedications and chest physiothergmre necessary to maintain healthedrrent
pulmonary exacerbationgccur despite best care amdquire antibiotic treatment, ircreased
pulmonary hygiene, anaften hospitalization Infections are associated with bacteria expected in
bronchiectasis of other causesdtend to occur early in CHhe bronchi of many CF patients are
eventually colonized witPseudomonas aeruginodaurkholderia cegciacomplexandother
pathogens which are commonly resistant to most antibioti€ronic and repeatelling infections
contribute to progressive damage in th@ways leading to bronchiectasis and ultimately to
respiratory failure, which is responsitfler the majority of CHelated deaths.

CF affects all epithelia, and thus also affects other organ systems. Dysfunction in the epithelia of
the intestine, pancreas, and liver can cause intestinal malabsorption, pancreatic insufficiency and
CFrelated didetes, & well adiliary cirrhosis.Most men with CF are infertile because the vas
deferens is not fully developed, but women with &E subfertile, in part due to changes in cervical
mucus but are usuallyable tobecome pregnant and give birthThe disease and its management
aretherefore associated withmultiple physical and psychosocial problems and economic insecurity,
which can severely affect the quality of life of CF patients, their caretakers, and the rest of their
families.

Diagnosis

All 50USstatesand the District of Columbiaow provide newborn screening for CHost states

use some combination of blood testing for pancreatic injury @kd gene mutation analysis for
screening.Patierts who carry GEausing mutations in each copy of t6&TRjenemanifest CF.

The diagnosis of CF is made by measuring the concentration of chloride ions in sweat following an
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established protocol CF diagnosis is definitive in patients with sweat chlocmiecentratiors above
60 mEqg/L (as measured with established protocols in certified &lbwho have a clinical picture
consistent with CF.

Most CF patientbave beerdiagnosed in childhood, although some patients with milder
presentationshavebeen diagnosed as adultsln the USin 2016, the median age at diagnosis for all
patients wadour months of age62%of new CF diagnoses were detected through newborn
screening: Early diagnosis before symptom onsdibws early treatmentind, thus,is associated
with better lung and nutritional outcomes later in lifé.

ClinicalPresentation

While lung function is normal at birthyng infections tend to occur early in lifRepeated and

chronic infections can lead to bronchiectasis at a young dgeite pulmonary infections requiring
antibiotic treatment (pulmonary exacerbationsgcur andcan rapidly deteriorate pulmonary
function. Pulmonary exacerbations are associated with increased lung damage, earlier mortality,
higher healthcare costs, andWer quality of life343® Endstage lung disease results in respiratory
failure and death.CF patients with Class I, I, and Il mutations tend to Bawgewhatlower lung
functioncompared to those with Class IV and V mutatiéns.

The gastrointestinal (G$ystemis alsocommonly affected in CF patientdalabsorption of fat due

to insufficient pancreatic enzymes, known as pancreatic fitsecy, affects an estimated 85% of

CF patients and makes reaching a normal weight difficult for CF patfeR&ncreatic damage that
leads to an insufficiency of pancreatic enzymes often occurs within a few months aftetbirth.
Similarly tolung function, pancreatic sufficiency and weight are influenced by genoBg@8del
homozygous individuals are typically the most undeghé andF508deheterozygoteswith G551D
andR117Hmutations showing slightly better nutritiof. Over 80% o€ystic Fibrosis Foundation
Patient RegistryCFFPRpatients are prescribed pancreatic enzyme replacement therapy (PERT) as
part of their CF regimeto aid in fat metabolism and weight gain

Children born today show significant improventeim reaching and maintaining sufficient weight
compared to CF patients born in 1987As children mature into adulthood, clinical guidelines aim
for adults 20 years and older to haséody mass inde@MI) at or above 22 for women and 23 for
menl

Lung function and weight ar@soclosely related for CF patients, as shown in Figure 1.2.
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Figure 1.2. FEWercent Predicted/ersusBMI Percentile for Childrei®ix to 19 Years in 2016
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Management

The core treatment regimefor CFhas historically aimetb control symptoms. It includes

aggressive airway hygiene with chest physiotheragywvay clearance devicelsronchodilators,

inhaled and systemic antibiotics as needed or chronically, inhaled hypertonic saline, and aerosolized
recombinant human DNase to reduce sputum thickness by breaking down free inflammatory cell
DNA as well ashutritional support through pancreatic enzymeplacement therapyinsulin and

diet. The treatment burden for CF patients is high, with patients reporting that they spend upwards
of two hours a day completing treatment activitiesOrgan transplantation remains the ldate
intervention for CF patients with eprstage disease.

Advances intte early diagnosis andanagement of CF have led to longer survival than in earlier

eras. In the 2016 annual report of theSCystic Fibrosis Foundatiétatient Registry53% of CF

patients in theUSwere adults. The median predicted survival of CF patgeborn in 2016 is

estimatedto be47.7 years. Accordingtoab L1 FF OG aKSSG aLYy mMopcHI GKS
F2NI/ C LI GASYyGa ol a o2dzi mn &S| NaTodaghedrlt FSg & dz
75% of those registered in tteFFPRBver 18 years old were considered to have normal lung

function or mild lung impairment; in 1987, this proportion was only about-timeel.! Likewise,

lung function was severely impaired in about etheéd of patientsin 1987 today that number is

4%!

While improvements in supportive care have improved thegmasis for CF patients, these
treatments are directed only at symptom managemeRtecently introduced agents that modulate
the pathophysiology of the disease, namédglydec® Orkamb®and Symdeka represent a new
class of treatments, and are the focokthis review.
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CFTR modulator drugs

Modulator drugs increase CFniediated ion transport. Two types of modulator drugs have been
developed, with complementary modes of actiofihe effectiveness of modulators depends on the
CFcausing mutation.Forexample patients who arenomozygoudor class | mutationsannot
respond to modulatoibased treatments because there is no CFTR protein to be moduladdll

list of mutationsfor which each drug is approvedasailablein Appendix D.

CFTR potentiats, suchas ivacaftoKalydeco)increase the likelihood that the CFTR channel will

transport ions through the cell membrankee., theyincrease theO K yy St Qa a2.LJSy LINB O |
Kalydecdk & 0SSy I LIINB @SR F2NJ LI A S ¢ dldss Ibmuiafdard! NA 2 dza
other mutationsthat result inresidualCFTR proteifunctionin the cell membrange.g.,R11H).

CFTR correctorsuch as lumacaftor and tezacaftor, increase the amount of normal or mutated
CFTR protein thagets transported @ the apical (luminal) membrane, thereby increasing the
amount of CFTR protein on the cell surfadgombinations of CFTR correctors and potentiators are
O2YyaARSNBR AY LleliFSogdela Class IInfutatig@ng/or Reaidha function
mutations. Orkambi(lumacaftor/ivacaftorjand Symdekdtezacaftor/ivacaftorjare considered in
patients homozygous for thE508demutation. Symdekdsalsoconsidered in patientssho are
heterozygous for th&508dekllele andcarry a residual function mutation.

For the purposes of this report we use trade names to facilitate ease of interpretation of the data,
with the exception of unapproved doses of lumacaftor with ivacaftor.

The use of these agents has generated great interest on the part of clinicians, patients, and their
families. These drugs are the first of their kind to address the underlying genetic deficiencies
leading to CFAdded to best supportive car¢hese drughave been shown tamproverespiratory
function and weightandthey may slow the rate of decline of respiratory function over tirhile
generallysafe,there may besome tolerability issues in some populationdncertainties around the
useof modulabrs exist because most data aedativelyshort-term (or at best up to only about 3
years)and onsurrogate endpointsand evidence aboubngerterm benefit and increased survival
does not yet existIn addition, currently marketed CFTR modulators\ag expensive, and
alignment of their cost to patient benefit is not well understo@speciallyconsideringhat these
regimens will be incremental costs on top of curr&eatments comprising best supportive care
All stakeholders will therefore benefrom a comprehensive review of the clinical evidence and
potential economic impact cdddingCFTRnodulator treatmentsto best supportive care
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1.2 Scope of the Assessment

The scope for this assessment is described on the following pages using@ESRRbpulation,
Intervention, Comparators, Outcomes, Timing, and Settings) framework. Evidence was collected
from available randomized controlled trials and observational studies.

Our evidence review included input from patients and patient advocacy organizations, data from
regulatory documents, information submitted by manufacturers, and other grey literature when the
evidence meets ICER standards (for more informationhgee://icer-
review.org/methodology/icergnethods/icervalueassessmenframework/greyliterature-policy/).

Analytic Framework
The analyt framework forthis assessmenits depictedn Figurel.l.

Figurel.l Analytic Framework

Interventions

1) Ivacaftor monotherapy
2} Lumacaftor/lvacaftor
3) Tezacaftor/lvacaftor

Intermediate Outcomes:
Population / \\ Key Measures of Clinical Benefit:
P *  Changes in forced expiratory
1) Cystic Fibrosis with . A
i Changes in rate of decline in lung
approved mutations i Ir.l on.e second .[FENI functi
3] Cystic Fibrosis Changes in Vital Capacity (VC) SLadel
Changes in weight and body = Changes in frequency of

hnmo;-,-gous F503del massindex (BMI) |~ TTTT" hospitalization

mutations »  Changes in lung clearance index Changes in frequency and severity
3) Cystic Fibrosis (e of exacerbations

heterozygous F508del Changes in fasting glucose and Disease-specific guality of life

with select residual glucose control measured with Cystic Fibrosis
function mutations \ _/ Questionnaire-Revised (CFO-R)

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 outcom&®r example, a treatment may

be associated with specific health outcomes. Outcomes are listed in the shaded boxes: those within
the rounded boxes are intermediate outcomes (eafpanges in lung clearance ingeand those

within the squareebff boxes ae key measures of benefit (e.g., healtated quality of life). The

key measures of benefit are linked to intermediate outcomes via a dashed line, as the relationship
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between these two types of outcomes may not always be validated. Curved arrows leeed t
adverse events of treatment which are listed within the blue edlifs

Populatiors
We revieved evidence in threalistinct populations:

1) The first population includgindividuals with CF and mutations consistent with the FDA
approved indications faKalydeco In this population, weeviewed evidence orKalydeco
We includel studies of individuals witinutations that haveeither gating orother (residual)
functional implicationge.g.,R117H.

2) The second population includendividuals with CF who are homozygous for Bx®8del
mutation. In this population we revieed evidence on bottOrkambiand Symdeko

3) The third population includ#individuals with CF who are heterozygous for B&8del
mutation and a residual function mutation that is potentially responsiv8ymdeko In this
population we reviewed evidence orSymdekaandKalydeco

Within these populations, subgroups of interestre defined according to presence of advanced
nonreversible lung disease (e.g., patients who have predicted et 404 between 4090%, or
above90%) and age (groups as defined in each study). PredictedsREMeasure of lung function
defined as the forced expiratory volume during the first second of expiration, adjusted for age,
height, sex, and rac®*' Other subgroups of interestere peope with advanced nopulmonary
disease, such as recurrepéncreatitis diabetes, livetransplantation poor growth, and infertility.

We includel studies of individuals of any age, regardless of their past medical history,
comorbidities, or the severitgf their CF; however, wgought toexclude studies conducted in
individuals after lungransplantation(for whom CFTR modulation therapy would not affect lung
function). We imposgno other restrictions regarding population eligibility.

Interventionsand mparators
We examinel the following comparisons in thi®llowing threeappropriate populations:

1. Forindividuals who are candidates #alydecowe compare addingKalydecdo best
supportive care versus best supportive care aland placebo.

2. For individuals who are homozygous for tRe&08demutation, we compard adding
Orkambior Symdekdo best supportive care versus best supportive care alofie. also
compareal Orkambito Symdeko

3. For individuals who are candidates fBymdekdecause they carry one508demutation
and residual function mutation that is potentially responsiveSgomdekowe compare
addingSymdekdo best supportive care versus addiiglydecdo best supportive care
versus best supportive care alone.
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We excluled studies of lumacaftoand tezacaftomonotherapy, based on stakeholder feedback,
neither is intended to be used as monotherapi/e exclude studies ofkalydecoOrkambj or
Symdekaconducted in populations for whom the drugs are not approved or ateanticipating
approval based on their genetic mutationg/e also excludéstudies of composite treatment
strategies that, for example, start witdalydecaand shift to a combination regimen after a period
of time ¢ if they were conducted in populations which at least one of the regimens is not
approved.

Settings
All settingswere considered. Studies conducted in any countsre considered.
Outcomes

Outcomes of interest included patiesentered outcomes, other clinical outcomes, important
physiologc measurements, adverse events, and costs.

Clinical outcomegertain to measures of health status or eveni&xamples of clinical outcomes of
interest include:

Mortality

Pulmonary exacerbationa¢ute and severe worsening of pulmonary symptoms)
Hospitalizations

Lung transplantation

Acute pancreatitis

Fertility

eeegeegeee

Physiologic measurementre surrogate or intermediate measures for symptom severity, disease
progression, or patiertentered outcomesExamples of physiologic measurements of interest
include:

FEVY (predicted), including rate of FiEdecline

Lung clearance index (LCI)

Weight, BMI, and growth (surrogate measures of nutrition status)
Fasting glucose and related measures of glucose control or diabetes

= =4 =4 =

Patient-centered outcomesnclude many outcomes that are also classified as clinical or cost
outcomes listed separately below, but also include specific outcomes that directly relate to the lived
experiences of patients and their families. Examples of patientered outcomes ahterest

include:
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1 Diseasespecific quality of life (specifically, as measured with the Cystic Fibrosis
QuestionnaireRevised [CFR]respiratorydomain or other measures where availalfe.

1 Mental health and affect, including depression, worry, and anxiety (as measured with
validated instruments)

1 Functional status, including work, social/family, emotional, physical, etc. (as measured with

validated instruments)

Time lost from school or work

Ability to participate in athletic activities and social functions

Financial insecurity

Caregiver burden

= =4 =4 =

Adverse eventpertain to complications, harms, or other such events caused by or attributed to the
intervention, not the disease process. Exampieadverse events of interest include:

Liver dysfunction

Upper respiratory infections

Gastrointestinal complaints (e.g., nausea, diarrhea, abdominal pain)
Headache

Rash

Chest discomfort

Dyspnea

Cataracts

Adverse events leading to treatment discontinuatio

=4 =4 =4 4 -4 -4 -4 -4 -4

Other outcomes were considered and reviewed depending on relevance to patients and availability
of data.

Evidence on drugrug interactions from eligible studiegas also included.

We excluded measures of cellular (as opposed to organ) function aed blthod, serum, or urine

laboratory measures (other than glucose), such as sweat chloride, fecal elastase, sputum

inflammatory measures, and nasal potential differerihile these outcomes may help to

demonstrate whether the modulators address the badgéects in CF, they are not directly

pertinent to clinical outcomeg. S | £ 82 SEOf dzZRSR y2@Stf 2NJ a¢dOF YRARLI |
based on high resolution computerized tomography.

Timing

Randomized controlled and neandomized comparative studies of all follay durationswere
eligible. Observational studiesad toreport outcomes at least one month following treatment.
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Singledose studies of any typeere excluded. Our focusvason dudies in which patients are
prescribed a course of treatment.

Potential Major Advance for a Serious UltiRare Condition

ICERs assessin@FTR modulator treatments under an adaptation of the ICER value framework
focused on treatments for serious, ultrare conditions because we believe the assessment meets
the following proposed criteria

1 An eligible population for the treatment indicatis) inclued in the scope of the ICER
review is estimated at fewer than approximately 10,000 individuals

1 There are no ongoing or planned clinical trials of the treatment for a patient population
greater than approximately 10,000dividuals

TheUScandidate population for treatment with modulators may be as small as 1,200 individuals
(for Kalydecd and is anticipated to involve 10,000 individuals or less in each genespaltyfied
population.

1.3 Definitions

Disease andPathophysiology

CysticFibrosis (CF)\We relied on eacl (i dzR & Q& RS Howgveriha diagnogticcriteria are
standard. The diagnosis of CF is definitive atipntswho havesweat chloride concentration
above 60 mEg/L (as measured with established protocols iffiedrtabs) andvho havea clinical
picture consistent with CFSee Section 2, for a summary of current diagnosis guidelines.

Heterozygougfor a genetic variation) The state otarrying the genetic variation only in one
chromosome

Homozygougfor a genetic variation) The state of carrying the genetic variation in both
chromosomes in a chromosome pair

Mutations: Heritable changes in the DNA, here, of tDETRene. More than 1,700 differenCFTR
mutationsat different loci (places) of thEFTRjenehave been identified, with varying effects on
the quantity and function of the CFTR protéiA.subset of thee mutationsare known to be
pathogenic(see below)

Pathogenic mutatios: Mutations that substantitly affect the quantity of functional CFTR protein
on the cell membrane, causing Based on the Clinical and Functional TranslatioGFFR
repository, a little over 300 mutations are known to ca@ A patient manifets CF and &
complications if they have pathogenic mutations in both copies ofGR&Rene.
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Outcomes

Absolute change:ithe numeric difference between the endpoint value (however defined) and the
baseline (starting) value.

Forced expiratory volume imne second (FEY: the volume of air a person can exhale during a

forced breath after a full inhalation, measured in the first second of the br&affEV is reported

iNtSNAE YR YSIF &adz2NBa GKS OF LI ¢aliesind®ake ifcreasigMibg? y Qa
impairment or damageFEY is measured via spirometry.

Percent predicted forced expiratory volume imne second(FEY): measured FEMs a percentage
of the predicted FEWalue for a healthy individual of the same agex,and height!! A clinically
relevant chagein absolute percent predicted FENas beerconsidered to behree tofive points
or greater.”

CFrelated diabetes2 S | OOSLII SR St OK aefatxRdateies \Whdewe yidyli A 2y 2 F
referto CANBSf | i SR RAII 8§88 SAY | & Kdlaied taddias tidbssnot ha@e the

same pathophysiology as type | or Il diabetes mellitus in people without CF. During a period of

stable baseline health @Elated diabetes is diagnosed with standard diabetes critddawever,

modified criteria are used to diagnose-@fated diabetes during acute illness or continuous

feedings*

CysticFibrosis Questionnairdrevised (CFR):Avalidated survey which measures heattiated
quality of life (HRQOL) in CF patietttS he CFQR measursquality of life and physical disease
symptoms using the followmscales: physical functioning, emotional functioning, social
functioning, body image, eating problems, treatment burden, respiratory symptoms, and digestive
symptoms among otheddomainsspecific to older patientsScores range from-000 with an
increasing score indicating better quality of life. In general, afoimt change is considered

clinicaly meaningful (the minimum clinically important difference, or MCIDT his report primarily
focuses on theCFQR respirabry domainscore since it wageported in the pivotal trials of the CFTR
modulators.

Lung Clearance Index (LCB:novel surrogate outcome thaissesses the uneven distribution of
lung ventilation an indicator of obstructive lung diseask representshe number of lung volume
turnovers required for the lungs to clear a tracer gas to reach 2.5% of starting tracer gas
concentration*® Technical issues limit the feasibility of its use to adults@ddr children.
Reductions from baseline indicate an improvement.

Pulmonary exacerbations (PExINew or change in antibiotic therayV, inhaled, or oral) for any
four or more of the signs/symptomshange in sputumnew orincreased hemoptysisncreased
cough;increased dyspneanalaise, fatigue, or lethargyemperature above 38egreesCelsius
anorexia or weight lossinus pain or éndernessghange in sinuslischargerhange in physical
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examination of the chestlecrease in pulmonary function 1¥%; andadiographic changes
indicative of pulmonary infectior’f. The CFTR modulagiimanufacturerinformed us thatthe
same definitiorwas usedn all clinical trialsbut different subdefinitions were reported in studies
(e.g., PEx requiring hospitalization or requiring antibiotics)

Pulmonaryabnormality or dest tightness:/An adverse effect that has been associated with
modulator therapy (primarilyDrkamb) often leading tadiscontinuation

Weight for age zscore:Ascore that corresponds to the weight percentile of a child considering the
distribution of weights of healthy children of the same ag@r example, a weight for ageszore of
-1.3 corresponds to the Xth percentile of age specific weight value&n increase in the-gcore

from -1.3 to-1.2 corresponds to climbing from the 1@ the 12" weight percentile among children
of the same age. An increase in thecore from-0.3 t0-0.2 would correspond to climbing 4
percentiles (from the 38to the 42" percentile).

1.4 Insights Gained from Discussions with Patients and Pat@rdups

We held semitructured discussions via teleconference with pasaftchildren with Cls well as
with adult patientswith G, and identified crosgutting themes as described in further detail
below.

The firsttheme pertainedo aspects of theCF experiencthat have a strong impact on quality of
fAFTS FNRY GKS LI GA Syl QdailylcafeRs deénaNdindgyresaive adSvay LIS Ol A @
hygiene, a mainstay of standard CF management, is adonsumingprocess Additionally,
patientsroutinely take many pills and inhalatidreatmentsas part of standardareandare

concerned by the prospect of even more interventions (e.g., more pills for the modulator
treatments or additional medications to manage emerging complications of CF asuClfelated
diabetes). Thehighdailydemands of standard cateke a toll on patients and caregivers. Second,
Chpatients often endure frequent and sevecemplicationgrom their disease Hospitalizations

(e.g., secondary to pulmonary exacerbatiprigpically last for many days weeks leading to
substantial time lost from school, work, and leisure for both patients and caregivers.
Hospitalizationandspecialized care can be associated with additional logistical hindrances and
expenses if it is necessary to travel to a facility with experience in CF managerheut. even

minor complications of CF are pervasive amanot be discountedn terms of raluced quality of

life. For example, chronic sinusitis can be accompanigtdability to smell or taste foods,

which reduces gpetite and contributes to malnutrition. All of the above can greatly limit the ability
of CF patients to participate in tremcial, athletic, workand other functions that their peemngage

in.

Another theme refered to the challengesf adhering to CF managementhe dailynanagement
of CF is demanding, and a main goal of treatment is to delay the progression of theeglisea
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skipping airway hygiene on a day both releases precious time for other activities and may not have
an immediately perceptiblaeegativeimpacton clinical function Thus, children or young adults

who move on to the next stage of their lives (e.g., iegshome to go to college) may be tempted to
lapse in terms of adherence.

A third theme was relatetb financial insecuritynducedby the management of the diseas&vhile

all patients with whom we spoke have insurance coverage, thefragonents varyor Ckrelated
treatment. Uncertainty about future insurance coverage of all treatments was also commonly
raised Additional expenses are associated with hospitalizations including travel, accommodation,
arranging for care of other childreand other corerns. Further, parents with inflexible work
schedules risk losing their jobfter exhausting their sick time.

1.5. Potential CostSaving Measures i@ystic Fibrosis

As described in its Final Value Assessment Framework forZIll, 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, seetps://icer-review.org/finatvaf-20172019/). ICER encourages
all stakeholders to suggest services (including treatmentsna@chanisms of care) currently used
for people withCRhat could be reduced, eliminated, or made more efficient.

Some patients andcaregiversve spoke withexpressed concern about the very large cost
associated with some CF treatmenits;ludingCFTR modators, for what may be a modest gain in
quality of life.

In reponses to the draft scoping document, stakeholders focused on potential ways in which CFTR
modulators could offset costs by reducing pulmonary exacerbations and prolonging the decline in
lung function leading to lung transplanfThese potential changes healthcare resources were

Ol LWAdzZNBR Ay L/ 9 of hémoSulatrg thermselesWe diiét teceivany

suggestions on lowalue servicesbut we heard from patient groups that randomized withdrawal
studies are currently being planned to hefffdrm possible changes to the current CF care regimen
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2. Summary of Coverage Policaasl Clinical
Guidelines

2.1 Coverage Policies

To understand the insurance landscaperfaydulators treatments for cystic fibrosige reviewed
publicly available 2017owerage policies and formularies for Midwestern state Medicaid programs
(Missouri), Centers for Medicare and Medicaid Services (MiS)es,and majorcommerciabplans

in individual marketplaces across Missouri and other Midwestern states, includingrArlue

Cross Blue Shield, Aetna, Blue Cross Blue $aealkshs City, and Cigna MissoWdle surveyed each
LI | yQa O2 @S Nie tArSe malulathr GdatthantsfaldédoOrkambj andSymdeko No
coveragepolicies were found foBymdekaas it wagecently approved in February 2018.

Allthe plans surveyed provided prior authorization criteria for the coveragerkémbior

Kalydeco Specifically, foDrkambj all plans required a documented diagnosis of CF, as well as a CF
mutation test documentig that the patient is homozygous for tfB08delmutation.*”° Plans

varied on age requirements, some, like Cigna, atigvmn patientssixyears or older, while other

plans, like Anthem, required patients to be 12 years or ofdet.

ForKalydecoall plans also required patients be over the agenaf and have a definitive
documented diagnosis of CF, as veslh CF mutation test documentirigat the patient has one
mutation that is responsive tBalydecdased on its labdj.e. any of the following mutations:
G55D, G1244E, G1349D, G178R, G551S, S1251N, S1255P, S549Ny B349R.4"5052 Some
plans also specifically call out thidalydecds not approved for any CF patients with a homozygous
F508demutation without the concurrent treatment with lumacaftor

We received anecdotakportsfrom patient advocacy groupnd clinical expertthat some

patients have experienced difficulty accessing modulator treatments prescribed to them. Several of

the examples of coverage denials appeared to be errors in the administration of the gfwicy

example, denial of coverage despite the patient haviegwweredmutation. One example of a

coverage policy thavent beyondcurrentC5! f I 6 St Ay3 41 & Cf2NARI aSRAOQ
criteria for Orkamhirequiring that patients age-&8 must have undergone a baseline ophthalmic
examination to monitor fotens opacities and cataracts.
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2.2 Clinical Guidelines

There are a number of guidelines on the treatment and management of cystic fibrosis. These
guidelines focus on different aspects of disease management, including diagnosis, care delivery,
nutritional considerations, respiratory care guidelines, infecpoevention, and management of

other comorbid conditions like @Elated diabetes, liver disease and bone disease. Below, we have
summarized guidelines from the Cystic Fibrosis Foundation, the National Institute for Health and
Care Excellence, and the Epean Cystic Fibrosis Society.

Cystic Fibrosis Foundation (CFF)
Diagnosis*

The CFF guidelines recommend that dgis of CF begin with the clinical presentation of CF,

followed by a sweat chloride test. Guidelines suggest that a sweat chloride test result greater than
or equal to 60 mmol/L results in a CF diagnosis. A result less than or equal to 29 mmol/L suggests
that CF is unlikely. For test results between 30 and 59 mmol/L, CFF recommends genetic testing to
determine if any CFTR mutations are present. This is then followed by a clinical evaluation-at a CFF
accredited care center for physiologic testing to makaore definitive diagnosis.

Nutritional and G| Care Guidelings

In the care and management of patients with CRGC NB 02 YYSyRa || F20dza 2y
nutritional status as a key component of clinical care for all patients, outlining guidelines for the
caloric intake for patients, monitoring of growth and weight status of patients, and dosing of
pancreatic enzymeeplacement therapy (PERT). CFF recommends that for patients oldenhan
years of age, energy intake should be P0D% above those of healthy patients with similar age,
sex, and size in order to see weight gain. It also recommends that the maintevfamaenal

weight, for both children and adults, was associate with betteriF&/well as survival. CFF
recommends that children and adolescents maintain a BMI at or above thed&@entile in order

to see benefit in FEV\neasurements. Finally, Ceommends that PERT dosing should be-500
2500 units lipase per kg body weight per meal in order to help bolster absorption of dietary fat and
prevent macre and micronutrient deficiencies.

Respiratory Care Guidelings

CFF has a series of guidelines relating to respiratory care for patients with CFF. These include
chronic medications to maintain lung h#alpulmonary exacerbations clinical care, CF airway
clearance therapies, and pneumothorax and hemoptysis care guidelines.

CFF lists a series of chronic medications that can be used in the management of respiratory care of
CF patients. CFF recommends tise of some inhaled antibiotics, such as tobraimgnd
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aztreonam for all patients It recommends mucolytics such as dornase alfa in patedrali stages

of the disease, and hypertonic saline in all patients. CFF also suggests thaflamimatories,

such as ibuprofen and azithromycin, may be beneficial for some patients. Finally, CFF recommends
the use ofKalydecan patients with at leasbne copy of theG551D mutation. CFF acknowledges

that the guidelines were published prior to the label emp@n forKalydecand the approval of
Kalydecaand lumacaftor for patients with the homozygoE508demutation.

Pulmonary Exacerbatiort$

For the treatment of acute pulmonary exacerbationsiich the guidelines describe as an increase

in respiratory symptoms accompanied by an acute decrease in lung function, CFF lists a series of
treatment recommendations, as well as a series of treatments it do¢secommend. CFF
recommends the continuatin of chronic medications for maintenance of lung health during
exacerbations. It recommends that airway clearance therapy techniques be increased during
exacerbations. CFF recommends daily dosing of aminoglycosides rather thantkiesrignes a
dayduring exacerbationsCFFstates there isnsufficient evidencéo recommendthe following
treatments delivery of IV antibiotics in a nédrospital setting, the continuation of inhaled

antibiotics in patients being treated with the same antibiotics viaahd the routine use of
corticosteroids in the treatment of exacerbations, among others.

Airway Clearance Therapy (ACY)

CFF recommends the use of airway clearance for clearance of sputum, augmentation of cough,
maintenance of lung function and improved quality of life in patients with CF. They do not
recommend one form of ACT over another form, and rather suggest that each individual patient
may have unique factors that would make one form of ACT more beneficial than another for that
individual. CFF recommended aerobic exercise as well due to its ovexidiil benefits.

Infection Prevention and Contreil

In order to better prevent the spread anfection in patients with CF, these guidelines recommend a
series of precautions and policies, particularly for use in health care settings. These precautions
include hand hygiene, contact precautions, mask use by CF patients, minimizing wait times in
outpatient waiting rooms/common areas, and placement of patients with CF in gpagjlent

rooms in inpatient settings.

National Institute for Health and Care Excellen@e¢ICEY
Diagnosis

NICE guidelinesvhich are written primarily for the United Kingdorecommend diagnosis using a
sweat test or a cystic fibrosis gene test in people with a series of qualifications, including family
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history, recurrent and chronic pulmonary disease, persistent cheayXhanges among others.
For individuals with a posite sweat test result, a clinical assessment that suggests CF, or a gene
test that suggestene or more CF mutations, NICE recommends referral to specialist CF centers.

Provision ofCare to CHPatients:

NICE outlines extensive guidelines around appropiad comprehensive care to patients with CF

and their families. NICE recommends the provision of adequate information and support to newly
diagnosed individuals and their families, particularly information around local support and advocacy
services, howo manage the risks of crossfection, and transition to adult care. Care delivery

itself should be provided by a multidisciplinary team made up of clinicians, dietitians, pharmacists,
psychologists and physiotherapists, as well as social workers bdéiased at specialist cystic

fibrosis centers. NICE recommends that these centers should plan patient care, minimizing the risk
of crossinfection and maintain patient registries that track condition, treatments, and outcomes.
Other recommendations ingtle considering the use of telemedicine and home visits to minimize

risk of infections.

Annual andRoutine Reviews

NICE recommends that patients with CF undergo a comprehensive annual review that includes
assessments of pulmonary function, nutritionaldaintestinal absorption, liver disease,-(&rated
RAF6oSGSas LJAeOK2ft23A0Ft adlddzas yR GKS LI GASyYy
should occur regularly for patients with CF and should occur more frequently in newly diagnosed or

very young patients.

Airway Clearance Techniques

NICE recommends offering individualized airway clearance technique plans to patients based on
GKSANI FoAfAdGe G2 Of SINJ YdzOdza FNRY (GKSANI fdzy3aas
well as any dter factors that may impact adherence to the plan. NICE specifically recommends

against offering higfirequency chest wall oscillation as a technique for patients with CF except in
exceptional circumstances, as evidence does not demonstrate that it @eeffective technique

than others.

MucoactiveAgents

NICE recommends the use of mucoactive agents for patients with CF with clinical evidence of lung
disease. The first choice should be dornase alfa. If the patient does not respond, clinicians should
consider the use of dornase alfa with hypertonic saline, or hypertonic saline alone. For those
patients who cannot use dornase alfa, clinicians should consider mannitol dry powder for
inhalation, particularly for children. NICE does not recomm@richmb for the treatment of

patients who are homozygous for tl&08demutation.
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Infection and Nutrition

NICE has extensive guidelines on the management of a series of bacterial infections through the use
of oral, inhaled or intravenous antibiotics, depending on the strain.

LY FRRAGAZ2YS DbL/9 2dzif AySa 3IdzA RSt AetdSthroughz NJ 6 KS Y
caloric intake, nutritional needs and pancreatic enzyme replacement therapy, where appropriate.
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3. Comparative Clinical Effectiveness

3.1 Overview

To inform our review of the comparative clinical effectiveness of CFTR modulators in paiiénts
cystic fibrosis, wextractedevidence from available clinical studies, whether in published or
unpublished form (e.gconference abstracts or presentations, FDA review documents). We
focused on evidence of the efficacy, safety, and effectivene€~3 R modulators in comparison

with other CFTR modulators or placebo in our target population of individuals with cystic fibrosis of
any age with a genetic mutation for which a CFTR modulator hasdmenved(seeAppendix D)

Our review focused on assessing the intermediate and-teng outcomes and harms assessed in
availablestudies. We sought evidence on the following outcompesharily. pulmonary

exacerbation, percent predicted FEWeight/BM|, and quality of life measges.

When reviewing clinical evidence in utlrare populations, ICER acknowledges the challenges of
study design, recruitment, and availability of data on kbeign outcomes. As such, when possible
we aim to add to our findings specific context regagdareas of challenges in study design.

3.2 Methods

Data Sources and Searches

Procedures for the systematic literature review assessing the evidence on CFTR modulators
followed established best research methd#§? We condicted the review in accordance with the
Preferred Reporting Items for Systematic Reviews and Metalyses (PRISMA) guideli§éshe

PRISMA guidelines include a list of 27 checklist items, which are described further in Appendix Table
Al.

We conducted the literature searches in PubMed and EMBASHimiItations were placed on the
searches regarding publication date, language, age, country, study design, or publication type (e.g.,
peer-reviewed or conference proceedinghll searchstrategies were generated utilizing the
Populationand Interventiors described aboveThe search strategies included a combination of
indexing terms (MeSH terms in MEDLINE, searched through PubMed, and EMTREE terms in
EMBASE), as well as fraext terms,and are presented iAppendixTablesA2- A3. The date of the

most recent search is December 19, 2017.

To supplement the database searches, we performed a manual check of the reference lists of
included trials and reviews and inviteaty interestedstakehdder to share references germane to
the scope of this projectFurther details of the search algorithms, methods for study selection,
guality assessment, and data extraction are available in Appendix Tab&sAdure A2, anHl.
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Study Selection

We incuded all relevantandomizedclinical trialsand nonrandomized comparative studiesany

size and durationWe also includedinglearm (i.e.,non-comparative)studies withat least100
participantsandat leastone month of followup. We excluded studies evaluatik@lydecaand
Orkambicombination therapyn populations outsideheir respectiveFDAapproved indicatios, &
well asstudiesof composite treatment strategies that stad with Kalydecaandlater shiftedto a
combination regmen. In vitroand non-humanstudies were excludeds were singlelose and
pharmacokinetic studiesWe excluded conference proceedings and abstracts reporting data also
available in fultext peerreviewed publications.

We supplemented our review of published studies with data from known conference proceedings
(within the lastfive years), regulatory documents, information submitted by manufacturers,
ClinicalTrials.gov, and other grey literature when the evidence meER Kfandards and is not
duplicative (for more information, se&tp://icer -review.org/methodology/icergnethods/icer
value-assessmeirframework/greyliterature-policy/).

Data Extraction and Quality Assessment

Main trial datawasextracted directly intdSRDR (https://srdr.ahrg.goy. All eligible citationsvere
extracted intoMicrosoft Wordtables. Elements include a description of patient populations,
sample size, duration of followp, funding source, study design features (e.g., cladxel or cross
over periods), interventions (drug, dosage, frequency, schedules), outcome assessmgnts (e
timing, definitions, and methods of assessment), results, and quality assessment for each study.

Data were extracted from the full articles by a single reviewer and validated by a second reviewer.
Assessment of Level of Certainty in Evidence

We usedhe ICER Evidence Rating Ma(see Figur&.1) to evaluate the evidence for a variety of
outcomes. The evidence rating reflects a jgudgment of two critical components:

w Themagnitude2 ¥ GKS RAFFSNBYOS 06SG6SSy I GKSNI LIS dzi
KSI f i K ¢th&hasrEdbétéeen clinical benefits and risks and/or adverse effects AND
w The level otertainty in the best point estimate of net health benefit.
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Figure 31. ICER Evidence Rating Matrix

Comparative Clinical Effectiveness
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Comparative Net Health Benefit

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

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

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

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

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

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

P/1 = “Promising but Inconclusive” - Maderate certainty of a comparable, small, or substantial net health

benefit, and a small (but nonzero) likelihood of a negative net health benefit

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

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

Assessment of Bias

As part of our quality assessment, we evaluated the evidence base for the presence of potential
publication bias. Given the emerging nature of the evidence base for newer treatments, we
performed an assessment of publication bias for CFTR modulatorsthsidgnicaltrials.gov

database of trials. We scanned the site to identify studies completed more than two years ago that
would have met our inclusion criteria and for which no findings have been publishgdsugh

studies mayndicatewhether thereis biasin the published literature For this review, we did not

find evidence of any study completed more than two years ago that that has not subsequently been
published. We did learn of one study in patientdth one copy of the=508demutation and
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another mutationthat results in no residual CFTR functibnt this study wastoppedearlyfor
futility .6

Quiality of Individual Studies

We rated all identified randomized control trials to be good quality usingraaifrom the US

Preventive Services Task Force (USPSHee Appendik Table for full trial ratings. Trials of good
guality had study arms that were comparable at baseline, authors employed valid instruments to
evaluate outcomes, and differential attrition was not observed. -gadlity studies reported slight
imbalances ifbaseline characteristics, showed some differences in fellpvibetween trial arms,

and used less reliable measurement instruments to assess outcomes. We did not assign a quality
rating tonon-comparative studies areferences that were obtained from gréiyerature sources

(e.g., conference proceedings).

Meta-Analysis

We conducted metanalysis for each outcome of interest, including harms, for which there were
data from at least two studies that were sufficiently similar in population, intervention, (@oge),
and other characteristicskFrom comparative studies, we megaalyzed data on clinical,
physiologic, and patieatentered outcomeslin part based on which outcomes had enough data to
meta-analyze from sufficiently similar studies, we conduateeta-analyses of percent predicted
FEVY, weight (in kg, BMI or as a BMI normalized to age and sex [z scoreJRrésiiratory domain
and pulmonary exacerbationg-or harms outcomes, we combined data from sirayle studies

and individual arms of compative studies We conducted metanalyses of th@roportion of
participants receiving each drug (and placetbp experiencedevere adverse events (Grade 3 or
4) & well agdrug discontinuation due to adverse evenBulmonary abnormalities (chest tigtgss)
weretoo infrequently reported to allow meaningful metnalysis.Where data were reported for
the same study participants at multiple time points (e.g., in both the RCT and the extension study),
we included data from the longest duration of follayp (i.e., the extension study) in the meta
analysis.When feasible, we also conducted metgression wittstudydurationas a covariate; for
these analyses we used all available dg&#l. metaanalyses were conducted with random effects
model restricted maximum likelihood analysddarms were analyzed as arcsine transformed
data ®® Estimatesof indirect comparisons were obtained as linear combinations of the direct
estimates, following Bucher et &l.
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3.3 Results

We evaluatedreatment in three distinct populations

I. Kalydeo in gating and residual function mutation populatioriBhis included individuals with
G551Dand norG551Dgating mutations and those witR117Hesidual function mutations.

II. Orkambiand Symdekan individuals homozygous for tles08demutation.

Ill. SymdekaandKalydecan individuals heterozygous for tHeé508demutation with a second
mutation amenable t&Symdeko

Study Selection

Our literature search yielded 897 potentially relevant referenced=(gure Alpf which49 met
eligibility criteria. Therimary reasons for study exclusion includedimens for CFTR modulators
outside the scope of the reviewd. studies irother CFgenetic populations oassessing other CF
therapy regimen} non-clinical outcomes (e.gin vitro studies), lack of outcoes of interest, and
non-comparative study designs with either follayp less than one month or study size less than
100 participants. Abstracts presented before 2012 were also excluded.

Kalydeco We included B articles onKalydecdreatment in gating ad residual function mutations;
19 articleswere peerreviewed publicationand 16 were abstractwithout associated peer
reviewed publications SeverPhase Il clinical trials were included, four of which were randomized
clinical trials and three of whickere singlearm studiesthesewere reported inten included
publicationsand sevenconference abstractsAll randomized controlled trials were considered
good quality. Seventeen referencgd.0 publications, seven conference abstraceported
randomizd controlled trials dataAn additionaken non-randomized controlled studies were
reportedin four publications andixconference abstract@ndfour singlearm studiesvere
reported by four publications and three abstraciBhree of the singlarm citationsreported

results from theGOALstudy. One additional publicationeporting on GOAL and a randomized
control trial was included.

Orkambt We includeden articles onOrkambitreatment in individuals who are homozygous for
the F508demutation (sevenpeerreviewed publications and two abstracts). Of tke citations,
four were randomized controlled trials asikwere singlearm studies.All randomized controlled
trials were considered good quality.

Symdeko We included three articles dBymddo treatment, all of which were peereviewed
randomized controlled trials (onéhase II, twdPhase [Il).All randomized controlled trials were
considered good quality, although parallel arm desggmore impactful than shoitierm, crossover
design.
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We report the results for the CFTR modulators by population of interest in the sections that follow,
given the genetic specificity of the diseas&’e were unable to locate evidence in the following
subgroupsof interest people with recurrenpancreatits, diabetes,or liver transplantation Some
outcomes(e.g., pregnancyyere reportedfor CFTRnodulators in general, without sufficient details

to outline resultsby geneticsulpopulation or drug regimen.

Clinical Benefits
Clinical Benefits oKalydecoin Gating and Residual Function Mutation Populations

Key Findings:Children, adolescents, and adults with G551D and #&551D gating mutations
experiencedstatistically significant and clinically meaningful gains in ppFEANd reductions irthe
rate of pulmonary exacerbations witlKalydecocompared to placeban 24-week studiesLonger
term follow-up suggests lung function improvementicludingreducedrates of pulmonary
exacerbationsare durablethrough three yearsLimited evidence also suggests ogear
reductions in rates of death, organ transplantation, and hospitalizatior@atistically significant
gains in body weight and respiratory symptomelated quality of life withKalydecowere reported
for G551D and noiz551D gating mutation populations aged 12 and older compared to placebo.
Satistically significant improvemensin lung function or weight were not observed in adult
patients with R117H residual function mutationdn a srall sample of children aged 6 to 11 years
with R117H residual function mutations, those #&alydecoexperiencedstatistically significant
decreases in lung function and trended towards decreased respiratory sympgtlated quality of
life scores comparedot placebo. Harms associated witliKalydecaoare discussed separately,

below.

Four key randomized controlled triaisSTRIVE, ENVISION, KONNECTION, and KGNDUCT
evaluated the safety and efficacy I§alydecan individuals with at least on€551D nonG55D
gating, andR117Hnutations(Table 31).8** All four studies required a baseline pprE#0%;

upper limits were 90% for ages 12 and up and 105% for adés &Il four trials randomized
participants to receive either 150 mg ldalydecaor placebo twice dailjor 24 weeks STRIVE,
ENVISION, and KONDUCT were parallel group studies thateakstesmean absolute change from
baseline in ppFEVWYhrough 24 weeks of treatment as the primary outcome, with additional data
collection through 48 weeks in STRIVE and ENVISION. KONNECTION ypastactwesover trial
that randomly assigned participés to receive eitheKalydecdwice daily foreightweeks followed
by eightweeks of matched placebo eightweeks of matched placebo followed bightweeks of
KalydecoThe shoriterm duration of this study is an important limitatioRrimary and secatary
outcomes were the same as STRIVE, ENVISION, and KONDUCT except these were m@gbtted at
weeks.

KIWI, a Phase Il singdem study that included children ageeb2with aG551Dgating mutation,
assessed change from baseline in weight and Bddbres (difference in standardized deviations
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from normal population, for age and sea§ secondary efficacy endpoir(fable 31).** Lung

function measures were not included in this stumcause children unddive years cannot

perform spirometryreproducibly Children were required to weigh at least 8 kg and to have at least
one gating mutation at screening to qualify for enrollment.

Longterm safety ofKalydecavas assessed in two opéabel studies: PERSIST and GOAL. PERSIST
followed eligibleSTRIVE and ENVISION participants for an additional 96 weeks, during which all
participants received 150 mg &hlydecdwice daily(Table 31).1> GOAL was a longitudinal cohort
study of individuals agesixyears and older with at least d&d551Dmutation and without prior

history ofKalydecause; participants received 150mgKélydecdwice daily'* Key outcoms of

GOAL included spirometry (pphlsWeight, CFER scores, and hospitalizations.

Additional details for the studies described above are summarized in Appendix
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Table 31. KeyTrials of KalydecoHficacy Conducted inG551D non-G551DGating Mutations, andR117HResidualFunction Mutation
Populations

Study Qualityand Study Design

STRIVE ENVISION PERSIST KIWE3 KONNECTION KONDUCH
RCT, Phase || RCT, Phase Il Singlearm, openlabel Singlearm,.open RCT, Phasg Il creger RCT, Phase Il
Good Good extension label trial design Good
Good Good Good
48 weeks 48 weeks 96 weeks 24 weeks 8 weeks 24 weeks
G551D G551D G551D G551D non-G551Dgating R117H
Included
12+ 6-11 6+ 25 6+ 6+
Treatment Groups Kalydeco Kalydeco Kalydeco Kalydeco
Plz:/cebo PI:cebo Kalydeco Kalydeco PIa)z:ebo Pla)::ebo
161 52 144 34 39 69
52% 52% 53% 18% 44% 57%
25.5 (1253) 8.9 (612) N[=2 NR (25) 22.8 (657) 31 (NR)
63.6% 84.2% NR1 N/A 78.4% 72.9%
61.5 kg 30.9 kg NR1 NR NR NR1
NR NR NRt 10.2 0.084 NRt
NR 0.08 NRt NR 0.359 NR

RCT: randomized controlled trial; BMI: body mass index; pppEkent predicted forced expiratory volume in one second

*All participants received both Kalydeco and placebo; randomization determined one of two treatment orders: eight wedidesfd<mllowed by eight
weeks of placebo OR eight weeks of placebo followed by eight weeks of Kalydeco-té &gint-week waslout period bridged the two treatment periods
WData reported by treatment arm but not for overall trial population

4 %core = 0 indicates average weight for age and sex
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Percent Predicted Forced Expiratory VolunppfEEY)

Treatment differencegbetweengroup differences comparingalydecand placebo groups) in
mean absolute and relative ppFEdhanges are shown in Table3.

Table 32. Summary oKalydecoClinical Efficacy Outcomes f@551D, nonG551DGating
Mutations, andR117HCFTRMutations VersusPlacebo

FE\, Mean . CFQ®R Respirator
Weight, Mean BMI, Mean R . : y
Absolute Change Domain, Mean
. : Absolute Change | Absolute Change
Population from Baseline, . . Absolute Change
Percentage Points from Baseline, Kg from Baseline, from Baseline
95%C Kg/m? (95%C : '
(95%C) (95%C) g/m= (95%C) Points (95%C)

G551D
Ages 611° 10.0 2.8 \R 5.1
(n=52) (4.5t0 15.5) (1.3t04.2) (b1.6t0 11.8)

Ages 12# 10.5 2.8 NR (?\l.;)
(n=161) (8.5t0 12.5) (1.3t0 4.1) p<0.001

Non-G551Dgating mutations

Ages 6#° 10.7 NR 0.70 9.6
(n=39) (7.3t0 14.1) (0.34t0 0.99) (4.5t0 14.7)

R117H
Ages 6%11 2.1 NR 0.26' 8.4’
(n=69) (b1.13to 5.35) (b1.57t0 2.10) (2.17to 14.6)
Ages 611 56.3 NR L0.18 , 6.1
(n=17) (b12.0t0 10.7) ObHdoy) G (b157t03.4)
Ages 18+ 5.0 . 0.31 12.6'
(GE0) (1210 8.8) (61.90 t02.51) (5.0t0 20.3)

N/A: not applicable for trigINR not reported

*Ages 25 (KIWI), a singlarm study where all participants receiv&alydecdq50 or 75mg, based on weight)

L | 3 S14 (ENVISION) and ages 12+ (STRIVE) show treatment diffé¢alycke¢ovs. placebo) at 48 weeks
41 R2dzaA 0 SR t S| &l fjeds modekfor MSatel meagures Y A E SR

8§ Adjusted, least squares mean and linear mixed model

#Crossover study design (8 weeks) followed by avi€ek open label extension (KONNECTI@BAtment
difference Kalydecors. placebo) at 8 weeks

aAges 6+ (KONDUCT), treatment differerkcydecors. placebo) at 24 weeks. Treatment differences by ags
group shown in italics; age 47 subgroup (n=2) was too small for subgraunalysis

All rardomized controlled trials reported mean absolute change from baseline p{fFEMe ).

Differences betweeilalydecd Yy R LJ | 0S62 3INRdzLJAQ YSIyYy o6&a2fdziS ¢
weeks of treatment showed significant gainskKalydecadn ppFEYfor GE51Dindividuals aged-81

(treatment difference 10.0percentage points95% Cl 4.5 to 15.baseline ppFE\84%) ° and 12

and older {reatment difference 10.5percentage points95% CI1 .8 to 12.5 baseline ppFEV
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64%).8 Lung function outcomes at 24 and 48 weeks were comparaiiita-analysis of the two
RCTs comparirigalydecdo placebo inpatientswith G551 Dmutationsyielded a difference in
ppFEYof 10.4 percentage points (95% CI 8.6 to 12.3), favdtalgdecqAppendix DFigure DG§*°
Results from the GOAL observational study show similar ppieiié for norG551Dgating
mutations before and afteKalydecdreatment initiation {reatmentdifference 10.7percentage
points; 95% CT.3 to 14.1)4

Lung function effectslependedon agefor R117Hndividuals in the KONDUCT studinalysis of all

participants showed a nesignificant 2.Jpercentage pointlifference (95% @1.13 to 5.35

percentage pointsin ppFEVbetweenKalydecand placebo groups: When stratified by age,

however, children aged-61 onKalydecdad significant declines in absolute ppkEfference:

L ¢ geecentage pointsgpp:’s /L bOwlpeérdeatagé @ointsp=0.03 compared to those on
placebothough the trial authors notél KS 2 @SNJ £ £ 3INB dzZLJQa f dzy3 Fdzy Ol A
child who experienced a pulmonary exacerbatiérin contrast, hose aged 18 and older

experienced significant gains in ppkE\ifference: 5.0%; 95% CI 1.15 to 8.78) compared dseh

on placebo. Only two participants in the study were aged 72vhich precludedstatistical

analysis.

Two publications explored lorgrm ppFEYoutcomes: onéPhase 1l singlkarm openlabel
extension (PERSIST) and one-ramxdomized comparative study. PERSIST enrGiisi D
individuals who completed STRIVE or ENVISION and assesstitosgfety and efficacy over an
additional 96 weeks dfalydecaise’® Absolute change from baseline ppkEMs evaluated as a
secondary outcome. Gains were similarpatients originally randomized tdalydecaand placebo
in both studies and averaged1® percentage points over 96 weeKEhismagnitude of effect is
similarto what was observed in STRIVE over 24 weeks.

Additional postPERSIST analyses matc@&b1Dindividuals agesixand older who received
Kalydecaduring STRIVE, ENVISION, and/or PERSIST with up to{figexgeeight, and ppFEV
comparableF508dehomozygous individuals using the Cystic Fibrosis Foundation Patient Registry
(CFFPR¥. Treatment differences siwed G551 Dparticipants ornKalydecaluring aPhasdll trial

gained a mean absolute 10pércentage point¢p<0.001) compared tB508defeceiving only

standard care. The annualized rate of ppfde¢line showed those oKalydecaexperienceca

modest butstatistically significant difference in the rate of lung function dec{h8 percentage
points;95% CI 0.06 to 1.88 over three years compared to those receiving only standard care
(Appendix [r58
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Weight and BJI

Outcomes related to nutrition were reported using a variety of measures, ultimately limiting direct
comparisons of nutritional outcomes (Tabl@)B3. STRIVE and ENVISION both reported mean

absolute changes from baseline weight, while KONNECTION and KONDUCT reported mean absolute
changes in BMI. ENVISION and KONNECTION also reported absolute changks-ageM|

scores.

Overall participantswith G551 Dmutationsin STRIVE and ENVISI@deivingKalydecaexperienced

a statisticallysignificant mean 2.8 kg weight gain from baseline compared to those on placebo after
48 weekqSTRIVE5% CI 1.3 to 4,ENVISION 95% CI 1.3 to)#ZThese effects represent about a
10% weight gain in children agéel1 years and about a 5% weight gain in aditsta-analysis of

the two trials yelded the same estimate, with a tighter confideriogerval: 2.8 kg (95% CI 1.8 to

3.8) (Appendix DFigure DY.

Agestratified analysisX¥0 and >20 years old) showed a similar trend of weight fpaithose on
Kalydecacompared to placebo (Appendix #)Thoseunder 20 years of age benefitted to a greater
magnitude compared to those aged 20 and ol{#® kg 95% CINRvs.2.9 Ig,95% CI 1.35 to 4.47
kg). Individuatlevel response analysis in this study suggested weight gain and increased lung
function were not correlated, though both outcomes improved withlydecdreatment.

The 34 bildren ages 5 yearsreceivingKalydecan the single arm, opefabel KIWI study showedal
statistically significantneanincrease irweight z-score (0.2SD 0.3; p<0.000&nd BMI zscore 0.4,
SD 0.4; p<0.0001)

Non-G551Dgating mutation individuals oKalydecaexperienced atatisticallysignificant 0.7 kg/m
(95% CI 0.34 to 0.9@/m?) BMI increasafter eightweeks of treatment compared to placebb.
R117Hndividuals again had mixed results in subgroup analyses by ag&adydkcdreatment
effects were norsignificant in all groups analyzétiBased on the data repted in the article,
there was no statistically significant difference inigle change among younger and older
participants though nost R117Hparticipants 87%) wergrancreatic sufficienand at a normabody
mass at baseline

Quiality of Life using Cystic Fibrosis QuestionnqiRevised (CFR)

All four randomized controlled trials collected GR@spiratory domain scores, as shown in Table
3.2. Three of foutrials reported significant, clinicallpeaningful increases from baseline CGRQ
respiratory domain scorg®r Kalydecayroups compared to placebo.

Participants aged 12 and oldesported significant improvements in quality of life regarding
respiratory gmptoms. STRIVYEONNECTION, atiek subgt of KONDUCT participantgho were
aged B and older reported a mean absolute increase of 8.6 (95% CI NR, p<0.001), 9.6 (95% Cl 4.5 to
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14.7), and 12.6 (95% CI 5.02 to 20.25) points on theRER@spiratory domaicompared to
placebo, respectivel§%1t The KONNECTION study included children as yowsigy&srs, but the
study average age was 22.8 ygaherfore, we assume most participgs were aged 12 or older
Meta-analysis of these three trialselded a summary estimate of the difference betwek€alydeco
and placebo of 9.dnits (95% CI 6.5 to 13.Appendix DFigureD8§).

Participants aged-61 years(G551DandR177H, however, showed conflicting results in GRQ
respiratory domairscore improvement.G551Dparticipants reported a nosignificant 5.1 (95% CI
b1.6 to 11.8) point improvement compared to placehavhile R117Hparticipants reported #6.1
(95% Cb15.68 to 3.41point change'l; R117Hindings may have been impacted by the small
sample size, however (n=17)hese studies were not metmnalyzed.

One additional analysis of STRIVE-RFQtomes reported scores for all domains included in the
questionnaire(Appendix F}° Treatment differences ihealth perceptions (7.6 paits, p<0.001),
physicalfunctioning (4.4 points, p=0.006]spiratorysymptoms (8.6 points, p<0.001cial
functioning (4.3, p=0.003yjtality (5.5 points, p=0.002), angeight (5.3 points, p=0.053) domains
exceeded the MCID threshold folur points. Treatment differenceis the other domainsalso
favoredKalydecmver placebo, though effects were not clinically meaningkdr therespiratory
domain, 57% of those takingalydecaeported improvement in CFQ scores versus 25% on
placebo(p<Q05). Likewise, 29% dfalydecaecipients versus 54% of those on placebo reported a
CFQ@Rrespiratory domain score decreafe<0.05).

PulmonaryExacerbations

Pulmonary exacerbations reported in randomized clinical trials are shown in TablB@mamary
exacerbations were generally reported as either an outcome or adverse event, and in some cases as
both, complicating irdepth understanding and analysi©ur metaanalysis andummary results

for pulmonary exacerbations use the "outcome" data, tité adverse event data.
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Table 33. PulmonaryExacerbationsn G551DGatingand R117HResidual Function Populations,
by Reported Outcome Definition

I STRIVE KONDUCH
Followup Buraion

Placebo Kalydeco Placebo Kalydeco
(n=78) (n=83) (n=35) (n=34)
99(1.3/subject)  47(0.6/subject)  17(0.5/subject)  13(0.4/subject)

a2RAFASR CdzOKQ& / NRAUGSNRI
No. Subjects with PEx 44 28 13 11

Hazard ratio (p value) 0.455 (0.001) 0.93 (NR)

Required IVAntibiotics
No. PEx (% of all PEX) 47 (47) 28 60) 7 (41) 2 (15)
No. Subjects with PEx NR NR 6 2

RequiredHospitalization

No. PEx (% of all PEX) 31 (31) 21 (45) 8 (47) 2 (15)
No. Subjects with PEx NR NR 6 2

PExpulmonary exacerbationdNR: not reported

In addition, pe-specified definitions of pulmonary exacerbation were not always available in
published studiesappendices, or protocols. During conversations with the manufacturer, however,
we heard all published clinical trials used the same protocol definition of a pulmonary exacerbation
OY2ZRAFTASR CdzOKQ&a ONARGSNRI O

We noted two discrepancies in pulmonary exdizions reportedas adverse events and outcomes.
ENVISION reportefdur exacerbations in th&alydecayroup and three in the placebo groas
outcomes;however,eight exacerbations are reportddr each groupvhen categorized aadverse
events® Secondthe KONDUCT study report&é8 and 11exacerbations intte Kalydecand

placebo group, respectivelyand reportthree additionalexacerbations (one in placebo, twothme
Kalydecagroup) as adverse evesf'!

STRIVE was the only randomized comparative study showiaegtement effect onthe incidence of
pulmonary exacerbations (Table3R. STRIVE participanteceivingKalydecaexperienced
approximately hd as many pulmonary exacerbations compared to the placebo govep 48
weeks (55% risk reductipp<0.001f ENVISION reported exacerbations among 4 of 26 (15%)
Kalydecaand 3 of 26 (12%) placebo recipients o¢8rweeks* The frequency of pulmonary
exacerbations was similar (8%%)during the additional 96 weeks &falydecdreatment during®®

Exacerbations during KONNECTION were reported by-avesperiodwith shortterm
intervention (8 weeks)9 of 38 (24%) and 11 of 39 (28%) of participants experienced a pulmonary
exacerbation during theightweekKalydecaand placebo periods, respectivefy.
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Among the different definitions of pulmonary exacerbation explicitly or implicitly used by studies,
we were mostinterested inpulmonary exacerbations requiring 1V antibiotics and hospitalization
because these areften associated with additiondinancialcostsand reduced quality of life

STRIVE and KONDUCT were the only two studeegptizitlyreport these outcomesThe rae of
exacerbations requiring IV antibiotittsrough 48 weeksvas0.71 forKalydecand 0.40 for placebo
recipients Thuspur calculationsprovidea rate ratio 0f0.56(NS) As shown in Table 3.there

was no consistent trend ithe Kalydecaand placebaroups in the rate of exacerbations requiring
hospitalization or IV antibiotics.

Meta-analysis of pulmonary exacerbations pe2 R A ¥ A Sdrteri@idZRI\EZ&Nd KONDUCT
yielded a summary odds fiatof 0.51 (95% CI 0.26 to0D) and a summary relativesk 0f0.65 (95%
Cl10.48 to 0.89)YAppendix DFigures B and 10). KONDUCT did not report ayalue or confidence
interval for the hazard ratiamplying statistical nonsignificancélowever,assuming a
nonsignificanf-value of either 0.1@r 0.50 yieldedalmostidenticalsummary hazard ratios of
about0.67 (95% CI 0330 1.35) (Appendix D, Figure D11)he two studiesthough,hadvery
different estimates of hazard ratios arite meta-analysis is statistically heterogeneous.

Apost hocanalysis of STRIVE participants assessedeasaterbation lung function recovefy.

Lung function recovery, defined as returningtD0% of preexacerbation ppFE\was assessed
twotoeight6 SS1 a4 -0BHNIK2NBO2FSNERBEV FOAOSNI FYyGAoA2GA0 GNB
again using the endf-study ppFEYY S I & dzZNB Y Si/SINM aNBR Y HAGRENBE W, { K2 NI
57.1%), and longerm recovery rates (46.6%s.47.7%) were similar fdhe placebo andKalydeco

groups. However, oher related outcomes favoredalydecaver placebo: 57% lower rate of

pulmonary exacerbations (RR: 8,85% CI 02to 0.68); statisticallysignificantly shorter

pulmonary exacerbationgnean normalized days per patient: 13.5 [SD 2vs336.7 [SD 49.5],

respectively p<0.00)); fewerpatientstreated with IV antibioticsfor an exacerbatiorfpatients

treated with IV antibioticsi18.1%vs.34.6%,respectively p=0.02; and shorter antibiotic treatments

(mean normalized days per patient of IV antibiotic therapy: 6.7 [SD ¥9.1].0 [SD 20.3],

respectively p=0.03 compared to placebo.

A large non-randomized, comparative, loAgrm studyalso reported significantly lower risks of
pulmonary exacerbations associated wikhlydecdN=1667 orKalydec®.*>”3 The study implicitly
included all people with available data receiviglydecoregardless of mutationThe anual risk
of an exacerbation was assessed by matching individuakatydecdo similarpatientson best
supportive car§US6200, UK 2069Y Over a one year periodto 12 yearold USchildrentaking
Kalydecaexperienced a significantly lower annual risk of pulmonary exacerbation compared to
those on best supportive care (RR: Q.88% ClI 0.22 to 0.52J Analysis of all aggsot reported in
the abstract)showed those oriKalydcoalsoexperienced atatisticallysignificant decrease in the
annual risk of pulmonary exacerbation (RR: Q%426 CI 0.58 to 0.7@h the US cohort of 1256
participants orKalydecosimilar resultsvere seerin a UK cohoriof 411 patients'? The annualisk
of other clinical outcomes in the US cohort wetlso lower fompatientson Kalydecacompared to
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placebq including deatfRR: 0.41, 95% QR0 to 0.84) organ transplant (RR:15 95% C0.04to
0.59) and hospitalization (RR: 0.64, 98%0.58 td.70), with similar but nonsignificant resultsr
death and organ transplantatiott

Clinical Benefits oOrkambiand Symdekan Individuals Homozygous for the F508del Mutation

Key Findings:Orkambiand Symdekdooth provided small but statisticallysignificant
improvements in absolute ppFE¥Yompared to placebafter 24 weeks of treatmenthowever,
the magnitude of effect varies by age, dose, and baseline lung functinolongerterm follow-up
(96 weeks), those o@rkambihad slower decline irppFEYthan matched controlsNeither
Orkambinor Symdekaprovided statistically significant shortterm improvement inBMI or BMI-
for-age z score compared with placebo. Bdiinkambiand Symdekagorovide improved
respiratory-related qualty of life compared with placebo.Orkambiand Symdekareduced
pulmonary exacerbation eventsver 24 weeksincluding those requiring intravenous antibiotics
and hospitalizations, compared with placebo. Indirect comparisons yielded no material
differences betweenOrkambiand Symdekan key clinical outcomesHarms associated with
Orkambiand Symdekaare discussed separately, below.

Two treatment regimens were reviewed for individuals homozygous foF888demutation:
Orkambiand Symdeko Across these two treatments, we identifisckkey trials including four
Phasdll randomized controlled trial]®one single arm trisdnd onelong-term, openlabel extension
trial. Five of the six trials were Gfrkambi

Twoplacebacontrolled paralel-arm Phasdll RCT®f Orkambj TRAFFIC and TRANSP@Rdlled
patients aged2 and olderwith two copies of the=508demutation.*® Incluson criteria includd a
screening FE\between 4090%predictedand stable diseas®. Two doses ofumacaftorwere
tested against placebdumacaftor600 mg dailyor 400 mgtwice a day both withivacaftor250 mg
twice a day.’® Study design was identical in both trizde data were pooletly the authorandare
presented here A subgroup aalysis by baseline ppFEY¥also reviewed in this sectiomhere data
are available

A single placebaontrolled, parallelarm PhasdlIl randomized controlled trial evaluated 200 mg of
lumacaftortwice daily in combination with 250 mgacaftortwice daily in children agesHl years
with two copies of the=508demutation. Inclusion criteria specified a minimum weight of 15 kg,
PPFEY> 70% and lung clearance index §k3¥f 7.5 or mordung volumeturnoversat screening’
Exclusion criteria were similar to TRAFFIC/TRANSPORT.

One randomized, placebwontrolled, parallelarm trial ofSymdeko EVOLVE, enrolled 510 cystic
fibrosis patients ages 12 and older who were homozygouthtF508deimutation for 24 weeks of
follow-up.*® Inclusion and exclusion criteria were similar to TRAFFIC/TRANSPORT.
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The bngterm safety ofOrkambiwas assessed in two opéabel continuation studies. PROGRESS
followed eligible TRAFFIC and TRANSPORT participants for an additional 96 weeks, during which all
participants received either 600 mg of lumacaftor daily (combined with 250 rvgcdftortwice

daily) or 400 mg of lumacaftor twice daily (combined with 250 migaxfaftortwice daily)'® Milla

et al. reported on 58 children agesl@ years old receiving00 mg oflumacatftortwice daily in

combination with 250 mgvacaftortwice dailyduring followup of24 weeks® The primary

endpoint of both opedabel studies was based on treatmesinergent adverse events and other
physiologic measures.

Across all studies, outcomes of interest included ppK&3/bothabsoluteandrelative changs),
weight or BMI(or BMI Z score), CHRxespiratory domainand number or rate of pulmonary
exacerbations. See Table& or a comparison of baseline patient characteristics and outcome
measures across key trials and Tabf8r a summary of results across trials.

For simplicityresults presenbutcomes by the differing doses of lumacaftor qrdg the dose of
Kalydecdid not differ.

Table 34. Included Trials in the Homozygo&s08delPopulation

. PROGRESS .
Ratjen et al*’ Milla et al?°

Singlearm, .
RCT, Phase Illll RCT, Phase Il 9 Singlearm

open-label
Good P : study
extension

Study Design and

Study Quality

Follow~up Duration 24 weeks 24 weeks 96 weeks 24 weeks 24 weeks

Orkambf Orkambi . Symdeko
Placebo Placebo Orkambt Orkambi P%acebo
1108 204 1029 58 504
49% 59% 48% 53% 49%
25.1(1264)  88(611) 2506010  9.1(611)  26.36D~1)

ppFEY, mean 60.6% 89.8% 60.3% 91.%% 60.0%
21.2 kg/n? 16.4 kg/n? 21.2kg/m? 16.89 kg/n? 21.04 kg/nd
*An additionalarm, 600 mg daily lumacaftavith ivacaftorwas studied Pooled analysis

ppFEY: percent predicted forced expatory volume in 1 second; BMI: body mass index
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Table 35. Summary of Clinical Efficacy Outcomes frétandomized Controlled Triafer Patients

Homozygoudor F508del

[ omamb [ symdeko |
| TRAFFICamRANSPORT | Rajenetal” | EVOLVE |

Lumacaftor ~ Orkambi Orkambi Symdeko
600 mgqd (400 mgqg Placebo (200mgq Placebo (100 mg Placebo
w/ivacaftor 12 hrs) 12) daily)

FE\, Absolute

Changé, 1.1 -1.3

Percegntage 3.0 2.5 0.32 (-0.4 to (2.8 to 3.4 0.6

Points (p-value (p<0.001) (p<0.001) (p=0.40) 2.6) 0.2) (2.7t04.0) (-1.3t00.0)

or 95%C))

FEV\, Relative

Charge®, % (p 5.4 4.6 -0.17 NR NR 6.3 -0.5

value or 95% (p<0.001) (p<0.001) (p<0.001) (5.1t07.4) (-1.7t0 0.6)

Cl)

LungClearance

Index (LCI), -1.0 0.1

Absolute NR NR NR (-1.3to (-0.2to NR NR

Changg95% -0.8) 0.3)

Cl)

BMI, Absolute

Changé, kg/m? 0.41 0.37 0.13 04 0:3 0.18 0.12

(0.3 to (0.1 to (0.08 to (0.03 to

(P-Valueor (p<0.001) (p<0.001) (p<0.007) 0.5) 0.4) 0.28) 0.22)

95%C)

BMI-For-AgeZ

Score, 0.1 0.1 -0.06 -0.02

Absolute NR NR NR (0.0 to (0.0 to (-0.14 to (-0.10to

Change, (95% 0.2) 0.1 0.02) 0.06)

C)

CF&R

Respiratory

Domain . .

AgsoTute 4.9 4.1 1.9 (35.45to (footo >0 01

Changs (p<0.001) (p<0.001) (p=0.02) 7.6) 5.0) (3.5t06.5) (-1.6t01.4)

Points (RValue

Or 95%C)

Pulmonary 173:(0.80 152+(0.70 0 78 (064 122 (0.99

Exacerbation, (1.14 per NR NR

No. (Rates) per 48 wk) per 48 wk) 48 wK) per yr) per yr)

All data change from baseline to follewp; g=every, qd=daily

Cl: confidence interval

*Pooled results 4 f Sdquaie meansy b dzYo SNJ 2F S@Syida

UNonsignificant (Fralue >0.05).

6l satgdz £ AT SR
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Percent Predicted Forced Expiratory Volume (ppffaxd Lung Clearance Index (LCI)
Orkambi

The keyOrkambirandomized controlled trialeeported absolute and relative changes in ppFEV
between baseline and 24 week&'” For individuals ages 12 and oldewelled inTRAFFIC and
TRANSPORT, leasfuares mean absolutghange imppFEYwas3.0 percentage point$00 mg/day
lumacaftorivacaftorarm, 2.5 percentage pointsin the Orkambiarm, and-0.32percentage point$n
the placebo armbetween baseline and 24 weeKEable 3).1° The differences compared to placebo
were 3.3(95% CI2.3 to 4.3)percentage point$or 600 mg dailyumacaftorfivacaftorarmand 2.8
(95% CI1.8 to 3.8 percentage pointgor Orkambi'®

Konstan et al. performed gosthocanalysis by matching participants from TRAFFIC/TRANSPORT
taking Orkambiwith controls from the UEFFPRhomozygou$-508de) to assess changes to the
annual rate of ppFEMecline’* Based om55 patientstaking Orkambiand 1,588 matched controls,
the authors foundOrkambiproduced a 42% slower rate of decline in ppFE\33 vs2.29

percentage points per year-yalue < 0.001j*

Althoughchanges ippFEYin the randomized trials werpositive andsignificant, gpostapproval
study at a single hospitéh=116,mean age=24.7 years (range-32),62% femalebaseline
ppFEVY=67.4)found no benefit oOrkambiafter an average ofour monthsusein arealworld
cohortof children and adultgn=116;meanchange in ppFE\.11% 95% CkL39% to 209.%*

The ppFEMwvas reported as a secondary endpoint in the two trials in@Hel year old population
as lung function is often preserved in youngeiddrgin.'’” Milla et al. reported no statistically
significant difference in absolute changepipFEYfrom baseline to 24 weeks in an optabel
Phasdll trial?° Arandonized placebecontrolled trial of 206 childrefound participants taking 200
mg of lumacaftor twice a day in combination with 250 mg of ivacaftor twice d@ggambi)
experienced statistically significant absolute change in ppFi\2.4 percentage poist(95% CI
0.4 to 4.4) compared with placebo; however, this was primarily driven by decreases in ppEEV
placebo group between baseline and 24 we&k3he withingroup change in th®rkambi arm did
not show a statistically significant improvemeitRelative changes in ppFEMere not reported in
either trial.

In an effort tocapture the respiratory benefit ddrkambj lung clearance oex (LCls) was used as
the primary efficacy endpoint in thigial. LCI is a novel surrogate outcome that measures the
number of lung volume turnovers requirddr the lungs to clear a tracer gasreach 2.5% of
starting tracer gas concentratiotf Reductions from baseliriadicate an improvemern. In both
trials of Orkambiin the 6-11 year old populationQrkambiprovided a statistically significant
improvement from baseline with ehangeof -0.88 (95% C#1.40 t0-0.37) and-1.0 (95% C}1.3 to-
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0.8)1720 In the RCTthe difference betweerDrkambiand placebo was also statistically significant
(difference of-1.1, 95% C#1.4 t0-0.8)’

Subgroup analysis

In TRAFFIC and TRANSR®IRillar changes in absotuppFEYover 24 weeks compared with

placebo were found foOrkambi(400 mg twice daily) for patients with baselippFEY < 40%

(3.3%, 95% CI 0.2 to 6.4, n=29) and patients with basgiRr€Y>x n £z OH Py2 X dpiz /[ L
n=336), as well as for patients with baselpEFEY< 70% (3.3%, 95% CI 2.1 to 4.4, n=245) and

patients with baselin@pFEYXx T /%2 0 M ®@azta4.0gnz:l143% L

A 24week, openrlabel Phase Illb study of individuals with advanced lung disease (1FRES)
reported a statisticallgignificantdecline in ppFEM-1.7%; 95% Ci3.2 t0-0.1) for the first 15 day
followed by a return to baseline at week four, remaining stable until study complétion.

Symdeko

In the homozygous populationne RCTEVOLVEEported absolute and relative changes in ppFEV
for Symdekao'® The primary efficacy endpoint, absolute change from baseline in percentage of
predicted FEMhrough 24weeks, showed a statistically significant improvement in absolute ppFEV
of 3.4 percentage points (95% ClI, &7.0)18 Compared with placeb&ymdekgrovided 4.0
percentage point improvement (95% CI 3.1 to 4%8).

Relative change from baseline in percentage of predicted FiEMigh week 24 showed a
statistically significant improvement both within the active drug arm¥6.85% ClI, 5.1 to 7.4) and
betweenSymdekaandplacebo (6.86 95% Cl, 5.3 to 8.3).

OrkambiversusSymdeko

No study has directly comparé&drkambiand Symdeko As shown in Tabl&.6, the absolute change
in ppFB/L wassignificantly greatewith both drugsthan with placebo. By indirect comparison
(network metaanalysi$, the difference in absolute change in pprBetween the two drugs is
nonsigrnficant 1.2 percentage points (95% @.1to 2.5, p=0.073.
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Table 36. Absolute Change in ppFEM Patients Homozygous for thE508deMutation

Orkambivs. Placebo* Symdekovs. Placeb#& Symdekovs.
Orkambi'Y

FE\, Absolute Change,
Percentage Point§95%
Cl)

*Two studies included (TRAFFIC and TRANSPORT); data for lumacaftor 400 mg twice daily with ivacaftc
twice daily only

WOne study included (EVOLVE; n=504)

“WYRAFFIC, TRANSPORT and EVOLVE (n=1612); the compayisatekdand Orkambiis an indirect
comparison between the two placebmntrolled trials

(1.8t0 38) (3.1 to 4.8) (-0.1 to 2.5)

Weight and BMI
Orkambi

BMI was reported as absolute change from baseline i@dambitrials (Table 3.5) In trials with
younger patients, BMior-agez-score was also reportedkesults in BMI varied across trials. In the
TRAFFIC trial (n=549), neitlaetive treatmentdose arm showed a difference in BMI compared to
placebo!® However, in TRANSPORT, an identically designed trial of 559 participantsgleasts
mean absolute change in BMI was significahifjher in the two active comparator arms compared
to placebo®® It is not clear why the effect @rkambion weight differed in the two trialexcept to
note that the incrases in BMI were only aboutst> F N2 Y LJ- NI A OA. ldla godlédQ
analysis, lumacaftor 600 mg dailyth ivacaftorshowed a statistically significant increase of 0.28
kg/m? (95% ClI, 0.15 to 0.4g/m?) compared to placebo an@rkambishowed astatistically
significant increase of 0.24 kgf(®5% Cl, 0.11 to 0.37) versus placébafter 96weeks on
Orkambj individuals in PROGRESS (clade! extension of TRAKFand TRANSPORT) had an
absolute change in BMI of 0.76 0.96 kg/nt (95% Cl, 0.56 to 0.%Kg/m? and 95% ClI, 0.81 to 1.11
kg/m? depending on original assignment arti)Both BMifor-agez-score and weighfor-age z
score in participats under the age of 20 in TRAFFIC/TRANSPORT showed improwgiment
Orkambiversus matched controkseeAppendixFigureD1).16

Results of absolute change in BMI in childéehl years old also varied between studies. In the
opentabel, singlearm, Phasdll study, childrersawan absolute change in BMI of 0.64 kg/(85%
Cl, 0.46 to 0.88g/n¥) at 24weeks(a 3.8% increase fromakeline® However, in the randomized
controlled trial, there was no difference in absolute BMI betw&@kambiand placebd’ BMHor-
age zscores ao showed a significant increase from baseline tav@éks in the singlarm study
(0.15 kg/nt; 95% CI, 0.08 to 0.X8)/m?) yet showed no difference compared to placebo in the
RCT/2° Weightfor-age zscores changed from a baseline meanr®03 (1.03) to 0.13 (95% ClI,
0.07 to 0.19) at 24 weeks (leasfjuares mean using mixeffects model for repeated measure¥).
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Subgroup analysis

In TRAFFIC and TRANSPORT, similar changes in BMI over 24 weeks compared with placebo were
found for Orkambi(400 mg twice daily) for patients with baseline ppFEY0% (0.3, 95% 80.2 to

0.8, n=29) and patients with baseline ppF&V n /&2 6 n dHo3.4,0p336), Aslwellmshbfor
patients with baseline ppFEW¥ 70% (0.2, 95% CI 0.0 to 0.3, n=245) and patients with baseline
PPFEYX T /E: ondox P22/ L nodm (2 ndcI yrmmnood

Symdeko

Absolute change in BMI from baseline to\#deks in the EVOLVE trial showed witherson
improvement of 0.1&g/m? (95% ClI, 0.08 to 0.28) in tlymdekaarm and 0.1X%g/m? (95% CI, 0.03
to 0.22) in the placebo arfx1% increases from baselitt€)rhe dfference in absolute change in
BMI between treatment and placebo was nsignificant'® BMHor-age zscore change from
baseline to 24veeks was nossignificant for both arms (see Tablé&g!® Longterm data on the
effect of Symdekaon BMI or BMfor-age zscoreis not availableet.

OrkambiversusSymdeko

No study has directly compar&drkambiand Symdeko As shown in Table B.the absolute change
in BMI Z scorsvas similar for both drugs versus placebiwus, byindirect comparison (network
meta-analysis), the difference i scorebetween the two drugs is nonsigicant -0.04 z score units
(95% C10.29 to 0.07)

Table 37. Meta-analysis of Change in BMibr-age Z score in Patients Homozygous for thB08del
Mutation

] Orkamblvs Placebo* Symdekovs. Placeb# Symdekovs. Orkambi'Y|

BMI-for-age Z -0.04 -0.04
score,(95% CI) (-0.2 to 0.2) (-0.15 to 0.07) (-0.29 to 021)
*One study included (Ratjen et al.; n=204).

WOne study included (EVOLVE; n=504)
“KRatjen et al. and EVOLVE (n=708)

Quiality of Life using Cystic Fibrosis QuestionngiRevised (CFQ)
Orkambi

Adolescents and adults receiviGigkambiin TRAFFIC and TRANSPORT reported improved
respiratory symptomsn the CFCRafter 24weeks as compared to individuals randomized to
placebo (22 points; 95% Cl 0to 4.5, se€Table 38; individual arm results ifiable 35).16 While
statistically significant, this value did not meet thikC1D of £ These benefits lastethrough 72
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weeks for all participants who enrolled in the opktel extension study, PROGRESS 96
weeks, patients continued to report improved symptsyhowever, the benefitslid not statistically
differ from baseline in most patient®,

Respiratory symptom quality of life was mixed in children &&% years. Milla et al. reported a
statisticallyand clinicallysignificant improvement in CFR between baseline and 24eeks in an
openabel trial (5.4 points; 95% Ql4 to 9.4)%° These findings were similar in the randomized
controlled trial where children randomized @rkambireported an absolute change from baseline
to 24weeks of 5.5 points (95% ClI, 3.4 to /l@wever, children randomized to placebo also
reported fewerrespiratory symptoms (3.0 points; 95% Cl, 1.0 to 5.@rkambiwas not found to
confer a statistically significant benefit when compared to plac€bo

Otherdomains of the CF® were not reported in the key studies.
Subgroup analysis

In TRAFFIC and TRANSPORT, estimates of relative effedtarabicompared with placebon
CFQ@Rover 24 weeks varied based on baseline ppF&igory but because of high variability in
the score across the study, differences across subgroups were not statistically sig#atficant

Symdeko

Individuals enrolled in th&ymdekaarm of the EVOLVE study showaedinically andstatistically
significant improvement in respiratory symptoms from baseline tove¢ks (5.0 points; 95% CI, 3.5
to 6.5) while individuals randomized to placebo showed a shghnhonsignificant decliné®
Compared with placeb&@ymdekamprovedrespiratory domain quality of life (difference of 5.1
points; 95% Cl, 3.2 to 7.9).

Other domains of the CFR were not reported in the key studies.

OrkambiversusSymdeko

No study has directly compar&drkambiand Symdeko As shown in Table &.both drugs resulted
in statistically significant improvements in respiratory symptatated quality of life, but the effect
was larger withtSymdeko By indirect comparison (network metanalysis)Symdekovas just
nonsignificantly more effective to imprd@FQRrespiratory domain scorthan Orkambi difference
2.9 units (95% GD.0to 5.8, p=0.054
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Table 38. Meta-analysis of Quality of Life in Patients Homozygous for #&08deMutation (CFQ
R)Respiratory Domain Score

Orkambivs. Placebo* Symdekovs. Placeb#& Symdekovs.
I el s
CFQ@R, absolute change, 22 5.1 29
(00to 4.5) (3.2t0 7.0) (-0.0to 5.8)

*Two studies included (TRAFFIC and TRANSPORT); lumacaftor 400 mg twice daily with ivacaftor 250 m
daily only

WOne study included (EVOLVE; n=504)

"WRAFFIC, TRANSPORT and EVOLVE [n=1612

PulmonaryExacerbations

Table 39. Reported Annualized Pulmonary Exacerbation Rates Per Patient Year in Patients
Homozygous for thé-508deMutation

_ TRAFFIC/TRANSPORT PROGRESS EVOLVE

24 weeks 96 weeks 24 weeks
Duration
| Placebo | Okambi | Onambr | Placebo | Symdeko |
371 369 369 256 248
a2RATASRiteadzOK Q&
251 152 NR NR NR

No. PEx per Pt 1.14 0.70 0.65 0.99 0.64
Yr (95%C) (097t01.34) (0.57t00.84)  (0.56 t0 0.75) NR NR

Required IV Antibiotis

No. PEx per Pt 0.58 0.25 0.32 Either IV Either IV

Yr (0.47 t0 0.72) (0.19 t00.33) (0.26 to 0.38) antibiotics or antibiotics or

hospitalizations hospitalizations
(or both) (or both)

0.54events/yr 0.29 events/yr

Required Hospitalization

No. PEx per Pt 0.45 0.17 0.24 Either IV Either IV

Yr (0.36 to 0.57) (0.12 to 0.25) (0.19t0 0.29) antibiotics or antibiotics or
hospitalizations hospitalizations
(or both) (or both)

0.54events/yr  0.29 events/yr
PExpulmonary exacerbation

*Lumacaftor 400 mg twice daily with ivacaftor 250 mg twice dailgtal 120 weekslata (96 weeks after 24 in
TRAFFIC/TRANSPORT
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Orkambi

Patients receivin@rkambiin TRAFFIC and TRANSPORT reported fewer pulmonary exacerbation
events ¥ 2 RA F A Sdteri@)dmihvkb@skline to 2weeks than patients randomized to placebo
(Table 39).1% The rate ratio between active drug and placebo was 0.65 (95% CI, 0.55 to 0.77) with
the greatest reductiorin the Orkambiarm (0.61, 95% CI 0.49 to 0)26 Orkambiprovided

statistically significant reductions in pulmonary exacerbations requiring antibiotics (56% fewer than
placebo) and hospitalizans (61% fewer than placeb®).

Pulmonary exacerbationgported during TRAFFIC/TRANSPORT are also shown in JahfteB.
96 weeks, those who continued ddrkambimaintained a stable reductioméble 39).2° The
number of events requiring hospitalization per patigarincreased slightlafter an additional 96
weeks. Similarly, the number of events requiring intravenous antibiotics per patiamtalso
increased slightly from 0.285% CI0.19 to 0.33) at the end of thendomized clinical trigb 0.32
(95% ClI, 0.26 to 0.38) at the end of the opaipel exensionstudy(Table 3).

Pulmonary exacerbation eventsese not reported as an outcome in studies of child@dl years
old.

Symdeko

Pulmonary exacerbations reported during EVOLVE are shown in Talbatents in the EVOLVE
trial randomized tcSymdekashowed astatisticallysignificantly lower rate of pulmonary
exacerbation compared to those randomized to placeRB{.65; 95% CI 0.48 to 0.88).The rate

of pulmonary exacerbations requiring antibiotics or hospitalization was also significantly lower in
the Symdekaarm compaed to the placebo armRR0.53; 95% CI, 0.34 to 0.89).

OrkambiversusSymdeko

As shown in Table B0, both drugs significantly reduce the rate of pulmonary exacerbations to a
similar extent. Indirectcomparison (network metanalysispetweenSymdekaand Orkambifound
no statisticallysignificant difference in paolonary exacerbations between the two drygégth an
estimatedrate ratio of 087 (95% CI 0.53 to 1.42).

Table 310. Meta-analysis of Pulmonary Exacerbations in Patients Homozygous foF@8del
Mutation

. Symdekovs.

_ Orkambivs. Placebo Symdekovs. Placeb#& Orkambriy
PulmonaryExacerbations, Rate 0.61 0.53

Ratio, Score (95%)Z (0.49t0 0.76) (0.34 t0 0.82) (0.53 to 1.42)

*Two studies included (TRAFFIC and TRANSPORT), 400 mg doe@alstudy included (EVOLVE; n=504)
"Fulmonary exacerbations defined as infectiveexuiring intravenous antibiotics or hospitalization
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Clinical Benefits of Symdeko and Kalydeco in Individuals Heterozygous for the F508del Mutation

Key Findings: Based on a single shieitm (8 week) crossver trials, Symdekand Kalydecadboth
improve absolute and relative ppFE\ompared with placebo.Symdekagorovides astatistically
significant benefit ovelKalydeco Respiratory symptonnelated quality of life wasstatistically
significantlyimproved by bothSymdekocand Kalydecocompared with placeb. At 8 weeks, BMI
and pulmonary exacerbations are not significantly different between the two drugs and
compared with placebo, however, the followp duration was likely too short to adequately
evaluate these outcomeddarms associated with Symdeko andlif@eco are discussed separately,
below.

There is one key trial of Symdeko and Kalydeco in patients heterozygous fes@Bdemutation

with a second mutation that is responsive to Kalydeco (see Appendix D for list of secondary genes
and gene specific efficaoptcomes). The EXPAND trial is a Phase 1, randomized, didinile
placebacontrolled, three intervention crossoverial in which each patient received two of the

three interventions for eightveek periods separated by an eighieek washout period? The three
interventions included Symdeko (tezacaftor 100 mg daily with ivacaB0mig twice daily),

Kalydeco (ivacaftor 150 mg twice daily) or placebo. Individuals were included if they were aged 12
or older, had a percentage of predicted FBVscreening between 400%, a diagnosis of cystic
fibrosis and stable lung disease. Esiu criteria included laboratory values in the abnormal range,
acute respiratory infections or changes in pulmonary disease 28 days prior to first drug, had a
history of transplant or recently used other CFTR modulators. Individuals were randomizes to on
of six intervention sequenced The quality of the study was gopalthough it provided shorterm

(eight week) data relative to the paraHatm RCTs in patients homozygous for Ex®8del

mutation (i.e., 24 weeks EVOLVE and TRAFFIC/TRANSPORT).

The primary efficacy endpoint was absolute change in ppff&Wv baseline to an average of the
four-week and eightveek measurements in the first intervention and was compared to the same
timepoints in the second assignattervention. Key secondary endpoints included €&FQ
respiratory domain score and relative change in ppFEXploratory endpoints included the rate of
pulmonary exacerbations and BKAI.

Of the 246 patients who reoeed treatment, 95% (n=234) completed both intervention periods and
provided efficacy dataThe average age at screening across all subjects was 3418.&3years,

55% of subjects were female, average ppRkAs 62.3% (SD 14,%average BMI was 24.835.1)
kg/m?, and average baseline CARQscore was 68.1 (303.7)??

While all patients had one508deimutation, the second mutation varied. Table 1 of the EXPAND
manuscript describes the cohort as being 60% classi¢anonical splice and 40% class Il to IV
residual function mutations in the second allele at basetfe.
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Table 311. Summary of Results in the EXPAND Trial in Patients HeterozygousHa0&del
Mutation?2

Symdeko(N=161) vs. Kalydeco(N=156) Symdeko(N=161) vs.
Placebo (N=161) vs. Placebo (N=161) Kalydeco(N=156)
ppFEY, Absolute

/ KFy3asSwys tS 6.8 (5.7 t0 7.8) 4.7 (3.7 t0 5.8) 2.1(1.2t02.9)
Points (95% CI)

FEV\, Relative Change,
11.4 (9.6 to 13.2 8.1 (6.3t09.9 3.3(1.8t04.8
(95% Cl) (9.61013.2) (6.3109.9) (1.8t04.8)

.aLX ' o0azf dz

. 0.34Symdeko 0.47Kalydeco 0.34Symdeko
IRV R 0.18 placebo 0.18 placebo 0.47Kalydeco
Not Reported)

/CFKQ:_?’YA;S%'T?Z s 11.1 (8.7 to 13.6) 9.7 (7.2 t0 12.2) 1.4 (1.0 to0 3.9)
PulmonaryExacerbation,
Rate Ratio vs. Placebo 0.54 (0.26 to 1.13) 0.46 (0.21 tadl.01) 1.18 (0.49 to 2.87)

(95% ClI)
Cl: confidence interval

Percent Predicted Forced Expiratory Volume (ppffEV

Change in pd&/1 was measured as an average of the resultfoat weeks anceightweeks
compared to baselin€ Compared to placebo, both interventions provided statistically significant
improvement in absolute pEVs: 6.8 percentage pointkor Symdekd95% CI1 5.7 to 7)&nd 4.7
percentage point$or Kalydecd95% CI 3.7 to.B)(Table 3.1132 The difference between Symdeko
and Kalydeco was also statistically significant but clinically mpi@estring Symdek@2.1

percentage points; 95% CI 1.2 to )28These changes compared to baseline ppFE$2%.

Subgroup Analysis

The EXPAND trial analyzed the difference in absolute chamypEiE by age, baselinppFEY,

class of residual function mutation, sex, use of canitant medications and colonization of

pseudomonas aeruginosa. Most of the subgroups showed siraiively consistent treatment

effects for SymdekoersusplacebgK 2  SGSNE | 3S ¢ My @ad x my &SI NA
Those less than 18 yesaoldshoweda 12.0 percentage point improvement in absolute ppFRY%

Cl, 9.3 to 14.8) wheessthose 18 years and older saw a 6.0 percentage point increase (4.9 & 7.0).

The confidence intervals were wider in thader 18 subgrouplue to small numbers (< 15% of each

arm).?

Similar results were seen in the same subgroups Watydecaompared with placebo.
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Body Mass Index

BMIlwas a normpowered exploratory endpoint in the EXPAND trial given the short time frame on
each intervention sequence. BMI increagk@4 kg/ntfor Symdeko (1.4% increase from
baseline) 0.47 kg/mifor ivacaftor(1.9%) and 0.18 kg/rifor placebo(0.7%) (&ble 3.117%>No
datawerereportedto allow an estimate of statistical significance

Quiality of Life using Cystic Fibrosis QuestionngiRevised (CFQ)

Symdekagrovided significantly better quality of life using the GR@espiratory domain score
compared to placebo (11.1 points; 95% CI 8.7 to 13.&ble 3.11L%? Kalydecalso provided
significantly betterespiratory syrptom-relatedquality of life compared to placebo (9.7 points;
95% Cl, 7.2 to 12.2j.No significant benefit was found betwe&@ymdekandKalydecaon CFQ
R22

The proportion opatients that received a clinically significant improvement in -®Ras 65% in
the Symdekayroup, 58% in thé&alydecagroup and 33% in the placebo grotip.

Pulmonary Exacerbations

The placebo group in the EXPANDI trggoorted the greatest number of pulmonary exacerbations
overall (n=20 events; estimated event rate per year of 0.63) (Table 3.12). The Symdeko group
reported 11 events (0.34 estimated event rate per year) and the Kalydeco group reported 9 events
(0.29 estimated event rate per year) (Table 3.12). The rate ratio versus placebo was not statistically
significant for either drug Estimatedndirect analysis of Symdekompared toKalydeco showed

no significant differences between the drugs; however, thimisunexpected since pulmonary
exacerbation was an exploratory endpoint and the study was of a limited duration (8 wékis).

on the number of events or event rates of pulmonary exacerbations requiring IV antibiotics or
hospitalization were not reporig
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Table 312. Reported Annualized Pulmonary Exacerbation Rates in Patients Heterozygous for the
F508deMutation

EXPANB??

FollowUpDuration

| Peeo [ Kapeo | Symiso
161 156 161
20 9 11

Estimated E t Rat
stimated Event Ratper 0.63 0.29 0.34
Year

Rate Ratio vs. Placebo - 0.46 0.54

95% ClI - (0.21 to 1.01) (0.26 to 1.13)

PExspulmonary exacerbation; Gtonfidence interval
*Pulmonary exacerbations requiring IV or hospitalization not reported

Harms

Frequencies of adverse events for all three CFTR modulators are reported in T&8bI&&ious
adverse events occurred less frequentlyalhmodulatorscompared to placebo. Reasons for CFTR
modulator discontinuation included elevated liver enzymes, creatinine kinase [évamoptysis,
bronchospasm, dyspnea, pulmonary exacerbation and ¥aslo. deaths during CFTR modulator
trials were related to the drugs.
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Table 313. Percenbf Patients Reporting Adverse and Serious Adverse Evaots RCTs

Kalydeco Symicko

STRIVE KONDUCT TRAFFIC/TRANSP®RT EVOLVE EXPANB
G551D R117H Homozygou$-508del Homozygou$-508del Heterozygou$-508del
48 weeks 24 weeks 24 weeks 24 weeks 8 weeks
Active Placebo Active Placebo Active Placebo Active Placebo Active Placebo
83 71 34 35 369 370 251 258 162 162
g'é)Adverse SEUE  go(00%)  78(100%) 32 4% 35 (100%) 351 (95.1%) 355 (95.9%) 227 (90.4%) 245 (95.0%) 117 (2% 126 (78%)
Any ADNJ RS NR NR NR NR NR NR 22 (8.8%) 29 (11.2%) 4 (2% 9 (6%)
g‘eyniré‘féfdverse 20 (24%) 33 (42%)  4(12% 6(17%) 64 (17.3%) 106(28.6%) 31 (12.4%) 47 (18.2%)  8(5% 14(9%)
g?sycﬁﬁt'i‘;ﬁi'gg 0 1(1%) 4 (5%) 0 0 17 (46%) 6(1.6%) 7(28%) 8 (3.1%) 0 1(1%)
AEResulting in Death 0 0 0 0 0 0 0 0 0 0
Most Common Adverse Events
3 (3.6%) 3 (3.9%) NR NR 10(2.8%) 16 (4.4%)  8(3.2%) 13 (5.0%) 1 (0.6%) 1 (0.6%)
AST Increased 3 (3.6%) 3 (3.9%) NR NR 11 (2.9%) 11(3.0%) NR NR 1 (0.6%) 0
MRS Ao 34 (41%)  5064.1%) 13 (38%) 14 (40%) 132 (35.8%) 182 (49.2%) 75 (29.9%) 96 (37.2%) 21 (13% 31 (19%)
Cough 27 (32.5%) 33 (42.3%) 10 (29%)  9(26%) 104 (28.2%) 148 (40%) 66 (26.3%) 84 (32.6%) 23 (14% 16 (10%)
IncreasedSputum NR NR 5 (15%) 4 (11%) 54 (14.6%) 70 (18.9%) 36 (14.3%) 42 (16.3%) 14 0% 11 (7%)
Dyspnea NR NR NR NR 48 (13%) 29 (7.8%) 16 (6.4%) 18(7.0%) 9 (6%) 11 (7%)
Abnormal .
Respiration/Chest  [RNal NR NR NR 32(87%) 22(5.9%) MM'Y 6n '(":1“; % \)( 2(12%) 0
Tightness '
9(10.8%) 17(21.8%) O* 6* (23%) 50 (13.6%) 50 (13.5%) 26 (10.4%) 35 (13.6%) 12 (7%) 14 (9%)
11 (13.3%) 10(12.8%) 5 (15% 4 (11%) 45 (12.2%) 31(8.4%) 17 (6.8%) 23(8.9%) 13 @% 10 (6%)
13 (15.7%) 9(11.5%) NR NR 46 (12.5%) 28 (7.6%) 23(9.2%) 18(7.0%) 9 (6% 10 (6%)
NR NR NR NR NR NR 16 (6.4%) 31 (12.0%) 12 (7%) 16 (10%)

NR: not reportedt TRAFFIC/TRANSPORT, 400 mg only; ALT/AST: alanine aminotransferase/aspartate aminotransferase
“Chest discomfort=0%,
*Participants>18 years (24 ivacaftor; 26 placebo)
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Common side effects of CFTR modulators include rash, dizzmesstache, and upper respiratory
tract infection/® and nasopharyngi.® Additional side effects are reported in Tablé3.FDA labels
for all three modulators include monitoring for elevated liver enzymes (alanine and aspartate
transaminasepnd cataractsas these have been reported with CFTR modulator &€
Concomitant use of CFTR modulators with CYP3A inhibitors is not recommended due to drug
interactions.

Through stakeholder input, ICER was told that chest discomfort (often reported as chest tightness
or abnormal respiration), was ore the primary reasons fadDrkambidiscontinuation. In TRAFFIC
and TRANSPORT, abnormal respiration was reported in 8.7% of individuals receiving 400 mg
lumacaftor twice daily compared to 5.9% of individuals receiving platebbe longterm follow-

up study, PROGRESS, reported rates of abnormal respiration betwdai¥d® Individuals in the
placebo arm in TRAFFIC/TRANSR©BbFted higher rates of chest tightness than those originally
randomized to active drug out to 96eeks!® Additionally, individuals with baseline ppREV70%
predicted reported more chest tightness than those with baseline ppiZ0% (1320% vs. 8%,
respectively in the 400 mg lumacaftor twice daily affhA real world cohort study at the Johns
Hopkins Cystic Fibrosis Center aftskambiapproval (n=116) showed that nearly 20% of patients
reported chest tightnes$?

ForSymdeko chest discomfort was reported as zero in #&8dehomozygous population and
1.2% in the heterozygaupopulation'8??

Orkambiis reported tohavesignificant drug interactionthat are not seen witlSymdekd?®
Meta-Analyses oHarmsAcrossinterventions

Eleven publications provided data on rates of discontinuation due to adverse et&Ht¥161&
202277 The studies evaluated ivacaftor 300 mg/dfiyg studies),Orkambi800/'500 mg/day five
studies),Symdekdl00/300 mg/day three studies), and placebe@ight studies).Sudies orstudy
armsof nonstandard doses weremitted from analysis With oneexception, described below,
across studies, duration of intervention did not correlate with drug discontinuation rates by
metaregression.Summary rates of discontinuation due to adverse events weatydecdl.2%
(95% CI 0.3, 2.5prkambi6.3% (95% @.7, 9.6), Symdekd.5% (95% (.1, 8.3), and placebo 2.1%
(95% CI 1.1, 8) (Appendix D, Figures DAB). The threeSymdekastudies were heterogeneous,
with a small study having a higher discontinuation r&@T, 11.8%) than the other two studies (0
and2.8%)resulting in a wide confidence intervalA crude comparison across interventions
suggests that discontinuation due to adverse events is significantly more likely to occur with
Orkambithan Kalydeco Symdekoor placebq whichall had similar rates of drug discontinuation
due to adverse events. FQrkambj no correlation with treatment duration was evident (by meta
regression) fronfour to 72 weeks (P=87); however, inclusion of the study arm of people on drug
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for 96 weeks (with a discontinuation rate of 7.4%) yieldetgaificant correlation of 0.4% per
month (95% CI @, 0.7; P=@18).

Two publications provided data on grade 3 or 4 severe adverse e¥fehtEhe studies evaluated
ivacaftor 300 mg/day (1 study$ymdekd. 00/300 mg/day (2 studies), and placebo (2 studies). In
both studies, the drugs were takearf24 weeks.Summary rates of grade 3 or 4 severe adverse
events wereKalydecd.1% (95% CI 2.6, 9.9ymdekd.3% (95% CI 0.8, 13.3), and placebo 8.4%
(95% CI 3.6, 14.9:\ppendix D, FigusD16- 17).28 However, for botlSymdekaand placebothe
reported rates of grade 3 or 4 severe adverse events were considerably lower in EXPAND than in
EVOLVE,; this resett in statistical heterogeneity between the two studies. Neverthelesin and
across studiesgll interventions had similar rates of grade 3 or 4 severe adverse events.

Controversies and Uncertainties

Many factors limit or complicate our ability to erpret the clinical benefits of CFTR modulators.
Perhaps the largest limitation is the complexity of CF genetickh directly impact disease
severity and progression. Each population revieggading and residual function mutations (Class
), heterozgousF508del and homozygouB508delClass Ighas unique genetic and disease
variability marked by a general deterioration in lung and pancreatic funct#@nsuch, interpreting
clinical trial outcomes from relatively small samples in short periodisnaf (one year or less), may
provide a limited picture of clinical benefitn addition, the FDA approval 8ymdekavas not

limited to the population studied in the EXPAND twalich requiredat least ong=508demutation.
Therefore, we cannot state Wi any certainty, howgeneralizable the results from EXPAND are to
patients withdifferent genetic makeup.

Additionally, the myriad therapiesmployed in bespracticeCF symptonmanagemenmay
increasethe uncertainties of thebenefits of CFTR modulatorStandardof-care treatments include
dornase alfa and hypertonic saline; azithromytatoramycin and aztreonanare also used in those
with Pseudomonas aeruginogaections. Data from the CFFPR indicate 88% of registry patients
use dornase alfa and 7096e hypertonic saline; of those who @seudomonas aeruginosa
positive, twathirds or more use inhaled tobramycin and azithromycin (69% and 66%, respectively),
43% use inhaled aztreonamund most participants in CFTR modulator trials were concurrently
taking some or all these standaad-care treatments during study treatmenfAs expected, these
interventionspositively impact pulmonary status in many or most patier@sth dornase alfa and
tobramycinhave been shown to improve FEN children with CIF3-6% and &0%, respectively)’*
In contrast,hypertonicsaline use, which was shown to decrease the risk of pulmonary
exacerbations by 66% compared to placglwas not permitted durindgalydecdPhasdll trials, a
restriction which may limit the applicability of the studytimicalcare The operlabel extension
study allowedhe use of hypertonic salindhowever,no data was available for our reviewhese
interactions should bsystematically evaluated in future studies.
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Interpreting lung function using FE8OmMes with numerous uncertainties. Rid/a surrogate

measure of disease severity that attempts to measure lung function relative to what is predicted in
healthy persons of the same agedsex. Despite being wedkefined in literature and widely used

in clinical trialsand clinical practicgit remains unclear whanagnitudeof change in FENS clinically
relevant While there is precedent for FDA approval based %®2absolute change in ppFEV1, it is
unclear how this translates to improved survieald/or quality of life.Similarly, the lung clearance
index is a new surrogate outcome that has had limited {tevgh use. While validation studies are
ongoing, there have also been debates about which tracer gas is most optimal and adequate
training anddiffusion of the procedure. There are also few direct correlation studies between lung
function surrogates such as ppFEV1 and lung clearance index in people with CF and hard clinical
endpoints such as lung transplant or death.

Stakeholders identifiedncertainties around CFTR modulator treatment decisions considering their
personalexpeiences. One parent, for example, shared that their child experienced beneficial

weight gainswvhile on Orkambibut simultaneously experienced lung function deterioratidlot

2yt é R2S4& (GKAa LI GASYyGdQa SE LIS NecBighOndkinpied@ed@A RS | y
regarding tradeoffs on the apparent effects of the drugs (here weight gain vs. lung function), but it

also highlights that not all patients will respot@lCFRmodulator treatment the same or as

predicted based on the study evidence

Nearly 85% of people with CF in the United States receive care at an acci@Bdeater, which

provide multidisciplinary clinical car&his highquality, specializedpproach to care has improved
survival for people with CAMany of the CF trials discussed in this report were conducted in such
accredited CF centerand these trialslemonstratedimprovements in health outcomes among

those receiving best supportive @aare likely with the addition of appropriate CFTR modulators.
We identified uncertainties, however, regarding whether beneficial gains in survival are distributed
unequally due to differences in access to US CF care centers. For example, Canadiant€F pat
have been living longer since the nri@90s and currently live, on average, 10 years longer than
American CF patient8?’” When comparing the US and Canada, the difieeebetween Canadian

and US survival disappeared when US patients receiving Medicare and Medicaid were excluded
from survival data, suggestigf- patients redeing care througtSpublichealth insurancdave a
survival disadvantag®?® It is unclear whether patients are receiving different care depending on
their insurance type or whether American CF patients with public insurance are more likely to have
important socioeconomic disadvantages that affect their CF managenvghile longterm studies

are underway to evaluate the impact of CFTR modulators ontlkenmg survivalensuring access to

the highestquality CF care in the interim may improve the survival of all CF patients.

9 g f dzldvesse/edentiin studies of people with Eischallenging becausie most frequently
reported eventdn studies are likely not side effects due to the drugs, but instead are adverse
outcomesdue to the underlying diseadbat occur while patients are taking the drugshe
cadverse eventsreported across all trials inaded outcomes expected with CF, like cough or
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increased sputum productionFor example, plmonary exacerbation, a very common event for

people with CF, was reported as both a clinical outcome and an adverse event, sometinees in th
same studyFurthermore, across studies, specific adverse events commonly occurred more
frequently among those taking placebo than those taking CFTR modulators; this was even found for
adverse events that were ascribed to the drulgsr example, in STHEVserious adverse events

were about twice as common with placebo than with ivacaftorEXPAND, more patients taking
placebo had adverse eventensidered by the investigator to be related possilly related to the

trial regimen with placebo than witBymdekd?

Finally cystic fibrosis is multisystem disease, yet mamagpects of the diseadeve not been
systematically researched. Thasir rating of the impact of CFTR modulators is highly dependent
onthose outcomes measured in the trial data, namglymonary function weight,respiratory
symptomrelated quality of lifeandthe number, type and annualized rate milmonary
exacerbations.

3.4 Summary and Comment

Table3.14. ICER Evidendgating for Use ofKalydecaofor Cystic FbrosisCaused by theG551D0 non-
G551DGating, andR117HResidualFunction Mutations.

Population/Genetic Group ICER Evidence Rating

G551D Other Gating, NonG551DGating Mutations, AndR117HResidual Function

Mutations

Kalydecdor patients with cystic fibrosis caused by gating and residual function mutations:

1 Kalydecqrovides improvements in ppFE.0 to 10.7 percentage points in different
populations) weight, and respiratorgymptomrelated quality of lifg9.6 to 12.6 pointsjor
children, adolescents, and aduliever 24 weeks).ongr-term follow-up (up to three years)
shows lung function, wght, and quality of life gains are durable across all gating mutations.

1 However, limited data suggest®l year oldsith the R117Hmutation may not have
improved respiratory function and quality of life wikalydecdreatment.

1 Pulmonary exacerbations we less frequen{HR=0.46)shorter, and required fewer
hospitalizations and intravenous antibiotics fmtients takingkalydeco

1 Fewer patients (across populations) discontinladl/decodue to adverse events (1.2%)
than with placebo (2.1%).

Across alsubpopulations, ates of discontinuation due to adverse events and severe adverse events
were similar forKalydecoand placebo.
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Given the relatively consistent evidence arising from controlled trials of lung function improvement,

with clinicallysignificant improvements and associated reductions in pulmonary exacerbations, and

with no evidence of significant harmsevinave high certainti(alydec@rovides a substantial

(moderatelarge) net health benefit relative to best supportive cale therdore assign a rating

2F GadzZLISNA2NE o! 0 G2 GKS Kalgd¥codthklpapdladiéh. Of Ay A Ol £ S

Homozygous F508del mutations

Table 315. Evidencerating for the Use ofOrkambifor Gystic FbrosisCaused byTwo Gopies of
the F508deMutation

o

Orkambifor patients withcystic fibrosis caused by two copies of the F508del mutation:

A OrkambiimprovedppFEY: however, changes in absolus@FEYmay not be considered
clinically important(2.4 to 2.8 percentage points).

A At 24 weeks, BMI increases wilirkambiamong those aged 12 years and older (0.61
kg/m?), which was maintained over the subsequent 96 weeks; but no significant difference
wasfound in a study of younger children

A Treatment improved respiratory symptomelated quality of life in patients age 12 and older
(2.2 points); a similar improvement was found in a smaller stuaibdiren6-11 years old
but the effect was not statistally significant.

A The rate of pulmonary exacerbation was lower for patients aged 12 and older taking
Orkambi(rate ratio = 0.61); data were not reported in the study of younger children.

A Chest tightness (abnormal respiration) was reported as a side dffetitose taking
Orkambiranging from 8% in the Phase Il trials to 20% in aweald postapproval study.

A Rates of discontinuation due to adverse events were highe®fkambi(4.6%) than for
placelo (1.6%) within a trial in this population. Similasults were seen among all studies
across populations (6.3% vs. 2.1%, respectively).

In two large Phase lll trials and an accompanyinw8ék openlabel extension studyQrkambi

provided a consistent magnitude of approximately 3 percentage point impromemeppFEYas

well as a reduced rate of decline in lung function over time, however, patients also reported drug

drug interactions and side effects leading to discontinuation. Tluugdtients homozygous for the
F508demutation, wehavehigh certainty Orkambiprovides a smalhet health benefit relative to

placebo (. 0Said &AdzLILR NIAGS OFNBOE YR GKSNBT2NB | aa:
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Symdekdor patients withcystic fibrosis caused by two copies of the F508del mutation:

A Treatment withSymdekamprovedabsolute ppFEM4.0 percentage points) and
respiratoryrelated quality of lifg5.1 points)}compared to placebover 24 weeks. No
sigrificant differences in weight were reported.

Treatment educed the rate of pulmonary exaationover 24 weeks (rate ratio = 0.53).

In this population, rates of discontinuation due to adverse events were simil@yimdeko
(2.8%)and placebo(3.1%) Similar results were seen among all studies across populations
(2.5% vs. 2.1%, respectively).

o Do

A single, parallehirm, Phase Il trial showed a moderate improvement in pplREWever, the trial
was relative short in duratiorfzor patients homozygous for tleb08demutation, we have
moderate certainty thaSymdekagrovides a small or substantial net health benefit, with high
certainty ofat leasta smallnet health benefit relative to placebo (i.e., best supportive care).

A oz s oA

CKSNBEFT2NB>X ¢S | 4aiBcieinentalB 8) §FARSNDSoa2b686 da
Heterozygous F508d with aresidualfunction mutation

Table 316. EvidenceRatingfor The Useof SymdekoFor Cystic Fibrosis Causbya Single Coppf
TheF508deMutation with An Approved Residudrunction Mutation

Population/Genetic Group ICER Evidence Rating

Heterozygous F508del witResiduaFunction Mutation

Symdeko B+

Symdekdor patients withcystic fibrosis caused by one copy of the F508del mutatidra second
mutation amenable t@Gymdeko

A Treatment withSymdekaesulted inclinically relevant improvement in absolute pprEs/8
percentage pointsand respiratory symptm-related quality of lifg(11.1 points).

A The treatment effect on pulmonary exacerbations and BMI was exploratory only due to
small numbers and short duration

A single 8veek crossover trial provided evidence of the improvement in lung function compared
with placebo. Longerm studies to confirm these data are requirdebr patients heterozygous for
the F508demutation with an approved residual function mutan, we have moderate certainty

that Symdekgrovides a small or substantial net health benefit, with high certainigt ¢éasta
smallnet health benefit relative to placebo (i.e., best supportive care). Therefore, we assess the
SOARSY Oreiettal DN @SGGSNE o0da. bé L ®
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4. LongTerm Cost Effectiveness

4.1 LongTerm Cost Effectiveness

Overview

Theobjectiveof this analysisvasto estimate the coseffectiveness oCFTR modulator treatments
plus best supportive carer CF patients We modeled tinee different populations based on
mutation status, and three different CFTR modulators or combinations of modulators that have
indications in one or more CF populations e @¥aluatedKalydecdor individuals with gating
mutations, andOrkambiand Symdekdor individuals who are homozygous for tR&08del

mutation. For patients who areeterozygous for thé&-508delmutation with a residual function
mutation, we evaluatedSymdekaandKalydecas possible CFTR modulator treatments

Themodel structurefor this assessment gescribedbelow. CF is a condition which falls under

L / 9 w Qéare dideasdffamework. Therefore, we considered dual{sase analyses that reflect
both health system and societal perspectiv&8hilethe impact of ths diseaseon patient and
caregiver productivityinformal caregiver timeeducation,anddisability costEan be substantial,

the impact of treatment with the CFTR modulators on societal costs is not expected to be as
substantial, because the drugs do not greatly reduce the daily burdens associated with usual CF
supportive care. We therefore present the regsurom amodifiedsocietal perspective as a
scenario analysis rather than as part of the base case.

Outcomeswere estimated over a lifetime timéorizon using ongear time increments from

treatment initiation until death. The primary health outcome vgaqualityadjusted life years

(QALYSs) but we also report life expectancy and the lifetime number of acute pulmonary
exacerbations. QALYs are a measure that combines both length of life and quality of life into a
single measurgandarethe recommended metc for use in coseffectiveness analgs.”® The

impact inventory is provided in Appendix Table Easts and health outcomegere discounted at

3% per year. The modekhsdeveloped in TreeAge softwawersion 2017 (Williamstown, MAA
preliminary version of the results in thégction of thereport were presented publicly on April 26,
2018 and included some data inputs based on 2016 costs; this version includes results generated
from re-running the models with those data inputs updated to 2017 values.
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CostEffectiveness Model: Methods
Model Structure

We developed ale novadiscretetime microsimulation model. The primary model variable was
percent predicted forced expiratory volume in one second (ppf;Evodeled as a continuous
variable. This model type was chosen to account for the continoatige of ppFEVand to

capture the primary effect of the CFTR modulator drugs (i.e., increase in ppF&dving the

decline of ppFEMover the longer term). For each population, a cohort of CF patients begins the
model at the age of drug initiatiorlWe assigned a gender distribution based on the current
prevalent CF populatioh.Each simulated patient is assigned a ppR&le drawn from a

distribution and then experiencemnnual agespecific declines in lufgnction. The measand
standard deviation (SD) of the initighpFEY distributions wereset so that when the cohort

reached the average ages reported in the relevant clinical trials, the means and ranges of the
ppFEYmatched those observed in the refant trials. For example, fandividuals with &5551D
mutation we set the starting distribution so that the population was similar to the ppRtedn and
range (84.2%; 44.0%33.8%) of the ENVISION trial at age nine (mean age) and the mean and range
(633%; 31.698.2%) of the STRIVE trial at age 26 (mean®gk) addition to ppFEVthe model
tracked the values of other variables for each simulated person: wéigkage z-score number of
acute pulmonary exacerbations per year (defined as exacerbations requiring intravenous
antibiotics), pancreatic sufficiency, lung transplantation, and diagnosis-dI&@Ed diabetes oB.
cepacianfection. During any given yearsenulated person may experience a change in their
ppFEY, experience one or more pulmonary exacerbations, be diagnosed with diabetes mellitus or
B. cepacianfection, or undergo lung transplantatiohtheir ppFEYfalls to 30% or below The

annual risk 6death is influenced by all of these variables. Figure 4.1 shows a diagram of the model,
with the risk of pulmonary exacerbation and lung transplantation dependent on the ppaEM.
Persons are simulated for their lifetime, accumulating life yeafd, X3 (i.e., life years weighted by a
guality-of-life value) and costs each year.

For the treatment arms, we allowed the initial ppkBEWd weightfor-agez-score values to change
based on trial resulter by assumption if no trial evidence existeWe aso allowed the risk of
acute pulmonary exacerbation to decrease with treatment, independent of the improvement in
PpFEY.
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Figure 4.1 Model Framework

Patients move through the model from left to right for each one-year cycle. Patient risk of death is
calculated based on age, sex, and clinical characteristics shown. Patients who survive a year repeat

the cycle until death,
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Target Population

We consideed three distinct populations for this analysi$he first population includes individuals
with CF andjatingmutations such as th&551Dmutation, consistent with the FDApproved
indications forKalydeco The age otreatment initiation istwo years old consistent with FDA
labeling The initial digibution of ppFEYin this population was assumed to be normal with a
mean (SD) d36.37 (12.02)The second population includes individuals with CF who are
homozygous for th&508demutation. This population is eligible for treatment witlrkambior
Syndekg andwe assumed thathe age oftreatment initiation wassixyears oldfor both

treatments given that recommended age f®ymdekowill likely be lowered with additional trials,
as was the case f@rkambi The initial distribution of ppFEV1 in this population was assumed to
be normal with a mean (SD) 88.09 (13.39). The third population includes individuals with CF who
are heterozygous for thE508delmutation and a residual function mutatidhat is potentially
responsive tdSymdeko This population is eligible for treatment wilymdekacombination or
Kalydecoand the age of treatment initiation is 12 years.olthe initial distribution of ppFEV1 in
this population was assumed to be normal with a méabp) 081.93 (15.41). For all populations,

we truncated theppFEYdistributions at a mimimum o44 and maximum of 134We did not
evaluate treating individuals with CF and fR&17Hmutation (although evidence is summarized in
Section 3) because this is a small population with very limited trial evidence and a substantially
different prognosis compared with individuals with gating mutations.
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We found that individuals with gating mations or who are homozygous for tl&08deimutation

are similar in terms of their expectgubFEYtrajectories and in terms of other variables (e.qg.,
pancreatic sufficiency). In general, individuals heterozygous foFBl08demutation with a
residualfunction mutationhave a better prognosis, and have a higher percentage with pancreatic
sufficiency?>"°

We assumed that best supportive care consists of the following pulmonary and pancreatic therapies
(percent utilization)dornase alfa (87.5%), inhaled tobramycin (69.4%), inhaled aztreonam (43.2%),
azithromycin (65.5%), hypertonic saline (70.7%), oxygen (10.4%invesive ventilation (2.8%),
pancreatic enzyme replacement therapy (86.5%) and supplemental feeding (twal 056.4%}.
Individuals with or developing €Elated diabetes were assumed to require oral hyperglycemic
agents (3.9%), intermittent insulin (5.9%) and chronic insulin (76.3%), and to require diabetes
specificfollow-up care (e.g., HbAlc measurements). We assumed that best supportive care applied
to all individuals, whether on CFTR modulators or not, but that the intensity of therapy varied by
lung function category. Acute pulmonary exacerbations were defasetthose that involve

treatment with |V antibiotics either in the hospital or with home treatment. We estimated disease
management costs for all CF individuals, including annual clinic visits and all other costs except
those for acute pulmonary exacerbaitis and lung transplantation; the disease management costs
varied by level oppFEY. Acute pulmonary exacerbations and lung transplantation were costed
separately. The rationale for this approach was that the disease management costs for a given level
of ppFEVYwiIll be the same for patients in both arms (modulator therapy vs. no modulator therapy).
Disease management costs will vary as individuals who live longer will have higher management
costs, although individuals on modulator therapy will also Haetter lung function, resulting in
reductions in these costs.

Treatment Strategies

For each population, we compat¢he eligibleCFTRnhodulator treatment(s) plus best supportive
carebest supportive care alonéiWe did not compare CFTR modulator treatments directly with
each other.

Key Model Characteristics and Assumptions

We made several assumptions for this analysis (Table 4.1).
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Table 4.1. Key Model Assumptions

Assumption Rationale |

ppFEY does not increase over time. We made this assumption because average lung
function generally declines with age.

Best supportive care is the same in all treatment We only assume that CFTR modulator therapy will

arms given the same ppFk\¢ategory havean impact on costs associated with acute
pulmonary exacerbationsung transplantationand
ppFEY-specific disease managementll dther costs
of supportive care not associated with lung function
(e.g., pancreatic insufficiency, @#Hated diabetesill
not be affected by CFTR modulator therapiebich
has been supported by limited data

The weightfor-agez-score is constant over the There is limited evidence for how weigfur-age z

lifetime of a patient. score changes over time and this assumptios haen
used in other CF economic evaluations.

The risk ofB. cepacianfection over time does not The occurrence dB. cepacianfection was

depend on lung function severity. incorporated only because it impacts-§pecific
mortality riskand was modelednly as a function of
age

The drug effects are modeled as an increase in These are the wellocunented effects of CFTR

ppFEY, an increase in weightor-agez-score, and a | modulator drugs.

decrease in the annual number of acute pulmonary

exacerbations relative to best supportive care alone

CFTR drugs decrease the annual number of acute | Modeling the impact of ppFE¢hanges and an
pulmonary exacerbations through the increase in | independent effect of drug treatment on acute
ppFEV1 (the risk of exacerbations depends on lung pulmonary exacerbation rates allowed us to calibrat
function). There is also an independent effect of to the reductions in exacerbations observed in clinic
drugs on acute pulmoary exacerbation, trials.

independent of the lung function effect.

Treatment discontinuation rates are the same as Because we used trial effectiveness estimates, we
those reported in the trials There is no further drug = assumed the same percentage of patients are takini

discontinuation after the end of the trial time the drug in the model as in the trials, irrespective of
horizon. available dataon reatworld discontinuation.
Model Inputs

Clinical Inputs

We modeled the ppFE¥rajectories through agspecific annual decline$® To match the mean
ppFEYvalues observed ithe drug trials, we allowed the decline for ages under nine to be slightly
higher than reported in the literature for CF individuals with a gating mutation or who are
homozygous for th&508deimutation. The annual risk of having acute pulmonary exaderba

was modeled as a function of ppREAGe, and the number of acute pulmonary exacerbations the
previous yeaf®® The annual risk of lung transplant was 0% fainiiuals with ppFEN>30% as
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per guideline$ The annual risk of diabetes was modeled as a function of age arfdl ¥éa.

assumed that 5% of CF individuals with a gating mutation or who are homozygous F&OBeel
mutation had pancreatic sufficiency at diagnosis and that this proportion was stable over lifétime.
For CF individuals heterozygous for #&08demutation with a residual function mutationwe

estimated that 84% hdpancreaticsufficiency at diagnosis based on the EXPAND trial popuFtion.
Similarly, we assumettiat weightfor-agez-score is constant for each person throughout life (in the
absence of modulator therapy), whietas set to-0.235° The risk oB. cepacianfection over time

was derived from agsepecific prevalence values from the CFF Registry and does not depend on lung
function severityt Basecasevalues ardisted Table 4.2

Table 4.2. Key Model Inputs

Baseline Value Source

Annual Decline in ppFEV

Age 68 years -1.12 €2.00 forgatingor F508dehomozygousnutation’)
Age 912 years -2.39 Konstan,
Age 1317 years -2.34 2007;Konstan,
Age 1824 years -1.92 2012580
'3S xHp &SI NA -1.45

Annual Rateof Acute Pulmonary Exacerbatiooy Ageand ppFEVY

8.5938*exp(0.035*ppFEY) Goss, 2007;
1'3S XMy 3.7885*expf0.026*ppFEY) Whiting,
Hazard Ratidor Increasen Rateof Pulmonary Exacerbation (Relatite 0 Exacerbationshe Prior Yeay
16
24 e
40 -
Numberof Pulmonary Exacerbations Per Yeadk; 2, 3+Conditional On 1+)
Age <5 0.76 /0.19/0.05
Age 510 0.68/0.20/0.12
Age 1117 0.54/0.22/0.24 Goss, 200%

Age 1829 0.48/0.23/0.29
1'3S xon 0.53/0.27/0.20
Annual Rislof Lung Transplantation

ppFEY>30 0
pPpFEY K0 n 0.647

Annual Rislof CFRelated Diabetes (Male, Female)
Age 69 0.008, 0.016
Age 1019 0.039, 0.060
Age 2029 0.049, 0.071 Adler, 2008°
Age 30639 0.065, 0.072
Age 40+ 0.051, 0.029
*Assumed higher declines for youngest age group for individuals with a gating mutation or who are homo
for the F508demutation to fit trialspecific means for each population.

Thabut, 201%
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Clinical Probabilities/Response to Treatment

To model the treatmerd €lfects, weassumed that there is an immediate increase in pprEd

improvement in weighfor-agez-score, as observed the trials or by assumption if no trial

evidence existed (Table 4.3)Ve assumed no ppFEdecline on drug for the first two years and

then a decline that is 50% of the best supportive care rate thereé&ftérWe assumed that the

increase in weighfor-agezza O2 NB ¢2dzZ R LISNEA P F2NI I LI GASydQa

The drug trials reported reductions in acute pulmonary exacerbation rates (e.g., rate ratios). When
available we used the rate ratios for acute pulmonary exaagons that required IV antibiotics.

We assumed that part of the decline in number of acute pulmonary exacerbations was due to the
increase in ppFEYV However, we also allowed for an independent effect of the drugs on reducing
the acute pulmonary exackation rates. For example, the rate ratio #alydecot best supportive

care versus best supportive care alone was 6.9Biemodelgenerated rate ratio for a population
similar to STRIVE was 0.83 when we assumed that the decline in acute pulmonary exacerbations
with drug was only due to the increase in ppiEEWe assumed th&alydecalso had an

independent effect on the redztion in acute pulmonary exacerbations by reducing the chance that
an individual will experience an exacerbation and reducing the number of multiple acute pulmonary
exacerbations among those patients experiencing at least one exacerbation. We varied these
assumptions until the modeajenerated rate ratio was 0.56. The independent effect fikatydeco

for CF individuals with gating mutations was to reduce the risk of exacerbation and the number of
multiple exacerbations (given at least one) by 22%. Thisoapgh assumes that the reduction in
exacerbation rate was a combination of a lower percentage of patients experiencing an
exacerbation in a year and fewer exacerbations among those who do experience at least one.
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Table4.3. Treatment Effectiveness Inpst

Change in
Weight-For Age
Z-Score (Mean,

95% CI)*

CF Individuals with a Gating Mutation
10.0 (4.515.5) 0.56 0.35 (0.260.51) Davies, 2013;Ramsey,
2011;Borowitz,
2016;McKone,
20143,9,15,69

Acute
Pulmonary
Exacerbation RR

Increase in ppF&EV
(Mean, 95% CI)

Source

Kalydeco

CF Individuals Who are Homozygous for tf&808deMutation

2.8 (1.83.8) 0.44 Same as above Wainwright,

4.0 (3.14.8) 0.54t Same as above 2015;Konstan,
Svmdeko 2017;TayloiCousar,
Y 2017; NICE,
20161.6,18,19,88,89
CF Individuals Who are Heterozygous for thB08deMutation with a Residual Function Mutation
Symdeko 6.8 (5.77.8) 0.54 (0.261.13f Same as above
Rowe, 2017

Kalydeco 4.7 (3.75.8) 0.46 (0.211.01f Same as above

*Change in weightor-age zscore reporting is variable and novnsistent. We assumed that all drugs would
achieve the same effect on weigftr-age zscore as observed in Borowitz et al.

uwhk 4GS NIdGA2 o6wwo A& F2NI SEIFI OSNbFGA2ya 6AGK SAGE
hospitalizations would involve |V antibiotics.

ww NBLEZ2NISR F2NJ LddzZ Y2yl NB SEIF OSNbBlFGA2ya RSTFAYS
antibiotics).

Mortality

Each yeasimulated individual$éace a risk of dying. We modeled this probability as a combination
of their agespecificmortality rate based on the US lifables® anda CFspecific rate. GBpecific
mortality rates were a function of sex, ppREWeightfor-agez-scores, number of acute pulmonary
exacerbations, diagnosis 6Frelateddiabetes, pancreatic sufficiencyndB. cepacianfection!

The Liou analysis also found ttf&taureusnfection was an independent predictor of mortality;
however, the impact of infection was to decrease the mortality rate. Because we found no
explanation as to why infectionithh S. aureusvould be associated with better survival, and
because of the recent rise in methicillin resist&taureu’s we opted to not include this
characteristic in the mortality rate function. The followinguation wasused to model the annual
mortality rate for agea (Q) for nontransplanted patient¥:
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The patientspecific parameters that affect mortality among ntvansplanted patients wer&EXO0
male, 1 female)ppFEY (%), WFA(weightfor-agez score) #PEnumber of acute pulmonary
exacerbations in the current yeaf)JAB(O no diagnosis of diabetes, 1 yeBE0 nopancreatic
sufficiency, 1 yesBAI(0 noB. cepacianfection, 1 yes). The aggpecific baseline hazardwpsa
product of the agespecift rates from the US life tab®%and an adjustment factor thawvasneeded
to match the life expectancy targets of a CF coh&urvival after lung transplamtas a function of
time since transplant andias better than prior to transplant’

Utilities

We used the linear interpolation of E&D utilities by ppFEMconducted by Schechter et. &Table
4.4)22 These utilities were used to weight each year of lifatoumulateQALYs over an
individual® lifetime. The extrapolation was based ontHQvalues estimated for ppFEyfoups
(0.86 for >70%, 0.81 for 4068%, and 0.64 for <40%inong cystic fibrosis patiengovided to
Tappenden et al. for a NICE economic evaluatioBecause we modeled ppFES a continuous
variable we used a linear function to assign utilities based on ppklENty = 0.593047 +
ppFEV*0.003476). We used similar assumptions as Tappenden et al. and applied-#eshort
utility decrement of 0.17 during the year in which an acute pulmomigcerbation occurre®® We
used the same utility used by Schechter et?ddr the first year after lung transplantation (0.32)
based on quality of life study of lung transplantation in patients with cystic fibfbSsibseqent
years after transplantation were set to a utility equivalent to a pprEV0%79%: 0.838.

Table 4.4. Utility Values by Level of ppREDerived fromSchechter et a)

PPFEY (%) | Utility |

>90 0.920
80-89 0.873
70-79 0.838
60-69 0.801
50-59 0.765
40-49 0.729
30-39 0.692

20-29 0.653

<20 0.625

ppFEY: Percent predicated forced expitory volume in 1 second
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Adverse Events

Serious and severalgerse events were generally comparable across treatment groups and often
higher in the placebo armsTherefore, we did noéxplicittymodel adverse events in terms of

added costs or disutilities but assumed that patients who experienced a bothersome adverse event
would discontinue the drugAs the discontinuation rates typically reported in the trialsreve

greater than the reported discontinuation rates due to adverse events, we assumed that the
reported discontinuation rates included discontinuation due to adverse events.

Economic Inputs

Drug Acquisition Costs

Annualnet drug acquisition costs fa@achmedicationwere used in the modelWe could not
calculate net prices for all drugs using our standard source (SSR Health, LLC), as thilsdsootce
include consistenpublicly-disclosed net sales figures filre specialtydrugs in this reviewWe
therefore used data from the Federal Supply Schedule (FS&feaninediscounted(net) prices of
Kalydecaand Orkambi(Table 4.5§° The FS8 a price schedule set forth ltlye U.S.General
ServicesAdministration (GSAthat is used in negotiation with manufacturersarugs, medical
equipment, and supplies and service contracts for the VA and other federal organizaii®ns
Symdekavasonly recently approved by the FDA, informationitsmet pricingwas notyet
available. Weherefore applied theFSSliscount ratefor Orkambi(3.2%)o the wholesale
acquisition cost (WAC) &ymdekdo arrive at arestimated net price.

Table4.5. Drug Cost Inputs

. o . . WAC per Net price per Annual Drug
Intervention Administration Unit . .

Oral twice daily ~ 150mg tablet $426.72 $424.15 $309,841.58

Age 611years Oral 2 tablets ~ 100mg/125mg $186.78 $180.76 $264,085.53
- twice daily
Age 12+ears Oral 2 tablets ~ 200mg/125mg $186.78 $180.76 $264,085.53
- twice daily

Symdeko Oral 100mg/150mg $400.08 $387.20 $282,65600
(onceltwice)
daily
*WAC as of January 12, 2018
UC{{ LINROSA la 2F WIydzrNE HI HAMY

Some pior costeffectiveness analyses @Fhave attempted to account for possible price changes
over time, by assuming thahe drug prices will decrease upon lospatent exclusivity?2°6°7 For
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example Dilokthornsakul et al. assumed that the psoefKalydecaand Orkambiwould drop to

10% ofWACafter patent expiratior?®®” We chose not to maksuch an assumption in our current
analysis becauseattempts to model price changes over time would add an additional layer of
uncertainty and speculation to our anailgsandwhile there have been calls to includeice

changes in costffectiveness analysis, the current convention is not to inclestenatesof changes

in drug pricethroughout the life cycl&€®% Estimating such changesay beespeciallydifficult in the

US market, where drug prices are mostly wgukated, and changes in prices occur relatively
frequently. Thetiming ofentry of other competitorgbranded or generidg difficult to predict,due

G2 GKS LRaaroAtAde 27F LI 0SSyl Gedeickragsiédegerallyl y R & LI
expected to have discounted pricing relative to branded competitors, but the size diutiae
discountis difficult to estimate particularlyfor rare diseases with limited to no competition. This
wasrecentlyevidenced byhe introduction of anew gereric version ofrientine hydrochloride
(Syprin&®), whichentered with a 14% discount adf brand pricehat hadincreased by a factor of 30

in recent years® Finally, even products with historically stable pricing may be sold to or acquired
by another manufacturer, who could decide to change pricing in dramatic and unpredictable
fashion

Administration and Monitoring Costs

We assumed that there were no additional costs associated with the administration and monitoring
of the CFTIRodulatordrugs above best supportive care.

Health Care Utilization Costs

We assumed thatannual @5 f F G SR KSI f 0 KOI NB iféi@deicinsistedl gigwed | 'y Ay |
components (not including the cost of the CFTR modulator drugs): disease management, acute
pulmonary exacerbations requiring 1V antibiotics, and transptafgted costs. We used an

approach similar to that taken Wyilokthorns#ul et al. in their coseffectiveness analysé€8°” Both

disease management and pulmonary exacerbation components incorporated a gredstnt

structure that was derived frorhieu et al. to reflect imeasing costs with increasing disease

severity categorien /£:  LXS@8+between 40% and 70% ppBEV Y2 RSNI G ST, xT1 w2 L
mild).2° An agerelated adjustment (<18 or 18+) was included in the exacerbation comporidra.

2016 CFF Patient Registigta wereusedto calculate the adjustment, reflecting a higher

proportion of total treatment duration spent in the hospital versus home IV treatment for children

with a pulmonary exacerbation than for adultsThis resulted in a logr cost per exacerbation for

adults.

Average cost estimates based on 1996 dada not include all currently available CF treatment and
therefore are not likely reflective of current best supportive care costs. Sevial studies have
found higher average annual medical costs even after adjusting for infléti8d To derive

current best supportive care costs, we used two average annual cost estimates provided by Scott
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Grossdrom the CD®ased on his analysis of 2016 commercial payer and Medicaid claims data
($130,879 and $83,173 in 2016 US dolléss)Grosse, personal communication, April 12, 200&)

applied a 5% reduction to account for transplaatated costs, excluded CFigated costs, and

updated to 2017 US dollars using the personal consumption expenditure (PCE) price index. We then
calcuated a weighted average based on health insurance information reported i8Ghé CFPR
showinga 60%/40% insurance mix (private/othéfyhis resulted in an averagersual cost

estimate of $77,143, which was used to calibrate the best supportive care cost estimates.

Transplantrelated costs includeghe one-time cost of receiving a lung transplant folledby an

annual cost associated wiffosttransplantation care. €fimates for the cost of a transplant and
initial year following a transplant were derive from a 2017 Milliman Research R€pdkhnual

costs were reduced for all subsequent years following the first yeartpmssplant based on
estimates from a study of inpatient and outpatient billing services of lung transplantation patients
at the University of Washingto* The CFelated disease management and exacerbation costs
were assumed to be zero fordividuals in postransplant years.

Cost estimates are shown in Table dr&lare reported in 2017 US dollars.

Table4.6. Direct Costs by Disease Severity

pPPFEY?270% pPPFEY40%69% ppFEY<40%

Disease Management $25,367 $33,462 $57,210
PEx* (age <18) $52,988 $83,956 $124,386
PEx* (age 18+) $48,015 $76,322 $109,372
Lung Transplant $905,191
PostTransplant (Year 1) $273,665
PostTransplant (Year 2+ $103,913
*PEX = acute pulmonary exacerbation requiring IV antibiotics

Productivity Costs

For thesocietal perspective, we udelata provided byCFRegarding employment status as a
function of age and lung functioriThe data provided showed that employment rates for patients
with ppFEY?2 40% were similar tthe general populationHowever, employmeirates were lower

for patients with ppFEY<40%. We estimated a 50% increase in the loss of productivitpétients
with ppFEY<40% and assumed an average weekly wag&57 $Bureau of Labor Statistiqgais a
fringe rate Thus, we assumed that chges in lung function increase the chance that a person is
employed. We also added productivity losses to the cost of acute pulmonary exacerbations.
Because there is no evidence on the impact the CFTR modulator therapies have on employment
and education ®tus, we were only able to model these effects through ppFEV
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A large impact o caregivercostsfrom CFTRnodulator treatment would require that caregiver
burden be associatedith lung function (e.g., the primary characteristibich modulator

treatments changedr havedirect evidence that th€FTR modulators reduce caregiver burden
However Neri et al.found no relationship between caregiver burden, as measured by the General
Strain Index, and patient factors such as ppFRiEWccurrence of acute pulmonary exacerbatgf?
Angelis et al. did find thatirect nonthealth carecosts wereof the same magnitude as direct health
care costs (in the United Kingdom) but did neport societal costs by lung function categéf§.
Therefore, we did not include impacts on caregizestsin this analgis given the lack of evidence
that it varies by lung function or is impacted by CFTR modulaifidre addition oflirect northealth
care costghat are not affeced by CFTR modulator treatments would result in an increase in total
societal costs due tche substantial increase in life expectancy with modulator therapy.

Sensitivity Analyses

We ran oneway sensitivity analyses to identify the key drivers of model outcomes, using available
measures of parameter uncertainty (i.e., standard errors) or readermamges for each input, as
described in the model inputs section above. Probabilistic sensitivity analgseslso performed
by jointly varying all model parameters over 1,000 simulations, then calculating 95% credible
interval estimates for each mod®utcome based on the resulénd reporingthe percentof the
simulations where the drug was cesffectiveness for a givewillingness to payWTB threshold
(varying from $50,000 per QALY to $500@,0er QALY) We use normal distributions for
parameters in the mortality modelnd drug effect parameterdeta distributions foutilities and
probabilities, andruncated normaldistributions for cost. Additionally, we performed a threshold
analysis by systematically altering the price of CFT&uators to estimate the maximum prices
that would correspond t@ set ofgiven WTP thresholds.

Scenario Analyses

We performedfour scenario analyses. In the first we present our results that used a societal
perspective. In the second we varied our asption about longterm effectiveness of the CFTR
modulator drugs. In our base case we assume that, after two years, individuals on CFTR modulator
therapies would experience 50% of the annual ppFte¢line that those receiving best supportive

care alone wuld experience. In scenario analyses we assume that the annual decline in lung
function with the CFTR modulator drugs varied between 0%temg decline (i.e., no longerm

lung function decline experienced with drug) to 100% (i.e.,ta@ngn decline wih drug is the same

as best supportive care after two years). This range was supported by the simulated standard error
of the longterm percent decline (99% credible interval -D%6). In a third scenario analysis we
incorporated an additional decreaseppFEYthat is not recovered when individuals experience a
pulmonary exacerbationThis effect is supported by a stythf although the magnitude of this

effect isunclear,and it is uncertain the degree to which this effect is already captured in the other
benefits of CFTR drugs (e.g., decrease irHerrg decline in lung function). kscenario analys,
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we varied the additional absolute decline in ppE¥e to a pulmoary exacerbation between 0%
(i.e., no additional decline in ppFElUe to pulmonary exacerbation) to 5% (i.e., a 5% absolute
decline inppFEYfor each pulmonary exacerbation experienced). In a final scenario analgsis
explored the assumption that CFi®®dulator therapies have a qualityf-life benefit in addition to
respiratory improvements. An analysis of STRIVERCHlings reported scores for domains other
than the respiratory domain and found clinically significant improvements in certain don(@igs
physical functioning, health perception, vitality, weigh) Although a CF® score does not
directly translate into a utili, we varied an independent utility effect (i.eisinga multiplierto the
lung-functiorrinformed utility) due to CFTR therapy from 1 (no independent effect) to 1.05 (a 5%
increase in utility with drug), above that due to lung function improvement.

Model Validation

We used several approaches to validate the model. First, we provided preliminary methods and

results to manufacturers, patient groups, and clinical experts. Based on feedback from these

groups, we refined data inputs used in the model. Sdcore varied model input parameters to

evaluate face validity of changes in results. Simulated individualsaeenparedto observed
aGFrGA&aGA0a 2F /C LI GASYGAaY YSRAFY 13S 2F &dz2NDAOD
severe; between 40%nd 70% ppFEY Y 2 RS NI G S T, midybgage, BAdm&iRrtppREV

by age! We also performed model verification for model calculations using internal reviewers.

Finally, we compared results to other cadfectiveness models in this therapy area.

CostEffectiveness Model: Results
Base Case Results

Thebase case results are shown in Tables 4.7 andM.&FTR modulators are compared to best
supporive care. We did notcompare the drugsvith each other foICF populations with tw€FTR
modulatoralternatives becausef the lack of substantive differences between them in the meta
analysis results and in the modeling results.

For individuals with a gating mutation, the total discounted lifetime cost&&lydecmlus best
supportive care and best supportive care only were approximai@|§éb,300 and $2,227,800,
respectively. The total discounted QALYs (and life yearKalgdecolus best supportive care and
best supportive care alone were 22.65 (25.5nd 15.92 (22.16), respectively. The incremental
costeffectiveness ratios foKalydecan this population were approximately $9860 per QALY
gained and $1,47600 per life year gained.

For individuals who are homozygous for #ig08deimutation the total discounted lifetime costs

for Orkambj Symdekaand best supportive care were approximately $6,983,300, $7,478,700 and
$2,108,200, respectively. The total discounted QALYs (and life yeaskéonbj Symdekand

best supportive care were 20.424.57), 20.25 (24.70) and 14.74 (20.77), respectively. The
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incremental coseffectiveness ratios foDrkambiand Symdekoversus best supportive care in this
population were approximately $890,700 per QALY and $974,300 per QALY, respectively, and
approximately $1,280,900 and $1,367,400 per life year gained, respectively.

For individuals who are heterozygous for tR8@08demutation with a residual function mutation,

the total discounted lifetime costs fatalydecoSymdekaand best supportive care were
approximately $7,557,600, $7,091,900 and $2,081,200, respectively. The total discounted QALYs
(and life years) foKalydecoSymdekaand best supportive care were 18.74 (23.07), 18.88 (23.25)
and 12.92 (18.98), respectively. The incremental-effgictiveness ratios foKalydecaand

Symdekadn this population were approximately $941,100 per QALY and $840,600 per QALY,
respectively, and approximately $1,340,200 and $1,174,500 per life year gained, respectively.

Table 4.7. Results for the Base Case for CHAd&ulators Plus Best Supportive Care (BSC)
Compared to BSC Alone, By Study Population (Discounted at 3% per Year)

. Average :
Population and Treatmentf CFTR Drug Coy Total Cost g Total Life Years| Total QALY
Number of PEx

CF Individuals with A Gating Mutation

C $0 $2,227,765 32.75

KalydecoPlus BSC $7,443,121  $8,666,308 18.86
CF Individuals Homozygous fB608deMutation

C $0 $2,108,199 26.02 20.77 14.74

OrkambiPlus BSC $5,847,893  $6,983,336 11.45 24.57 20.21

$6,290,005  $7,478,684 13.36 24.70 20.25

CF Individuals Heterozygous f6608deMutation with Residual Function Mutation

BSC $0 $2,081,180 25.51 18.98 12.92

KalydecoPlus BSC $6,447,156  $7,557,596 10.85 23.07 18.74
SymdekoPlus BSC $5,934,935 $7,091,919 12.68 23.25 18.88

CFTR: cystic fibrosiglated diabetes; PEx: pulmonary exacerbations; QALYS: quality adjusted life years; B
best supportive care

22.16
26.52

15.92
22.65

Table 4.8. Incremental Cosiffectiveness Ratios Compared to Best Supportive Care (BS@)efor
Base Case

Cost Per PEX Averted
$1,476,543 $956,762 $463,571
CF Individuals Homozygous f6608deMutation

$1,280,892 $890,739 $334,495
$1,367,400 $974,348 $424,212
CF Individuals Heterozygous f&608deMutation and Residual Function Mutation
$1,340,171 $941,110 $373,541
$1,174,508 $840,568 $390,600

SBSC: besupportive care; LY: life year; QALY: quality adjusted life years; PEx: pulmonary exacerbation
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Sensitivity Analysis Results

To demonstrate effects of uncertainty on both costs and health outcomes, we varied input
parameters using available measures ofgraeter uncertainty (i.e. standard errors) or reasonable
ranges to evaluate changes in cost per addaldPALY for CFTR modulators plus best supportive
care versus best supportive care alorigecause utilities depending on the ppkE&ue were a
linear equation, we varied the slope of the line (base case, 0.003436)g cost variation is
described more completely as part of threshold analyses (see below).

The impacts of variations in input values on gost-QALY estimates are shown fsymdekan CF
individuals homozygous fé1508deimutation in Figure 4.2, and in individuals heterozygous for
F508demutation and residual function mutation in Figure 4.3. The analyses were most sensitive to
assumptions about the independent effect of drugs oa thduction of acute pulmonary
exacerbationsthe discount rate, and lung functiespecific utilities; while changes in the former
resulted in large variation in cosffectiveness estimates, these did not approach commonly cited
thresholds. Also, while ot shown in the Figure, @recognize that the difference in resource
intensity and costs by level of lung function might have chdmyer time(our source for this
differentialwaspublished in 1996), and s@riedthe differential in background costs acrqgs-EY
categoriesby multiplying costs by a factof 0.5-1.5times thebase case valu@vith the higher

value resulingin larger absolute cost differences across the three categpaesl again found that
the cost per QAY estimates did na approach commonly used threshold@esults were similar for
the other drugs in each population, with results shown in FigureBEih Appendix E.
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Figure 4.2. Tornado Diagram for OiWgay Sensitivity Analyses of Cost per QAGained for
SymdekoPlus Best Supportive Care Versus Best Supportive Care Alone in CF Individuals
Homozygous foF508deMutation

Independent PEx Reduction [0.5-1.0]
Discount Rate [1%-5%

Slope of Utility Function [0.002-0.005

Avg. Annual BSC Costs [$49,979-$149,937]

Avg. PEX Cost [$41,253-$123,759]

Absolute ppFEV1 Gain [3.1%-4.8%)] = Parameter Input High

Avg. Transplant Costs [$589,428-$1,768,284] ® Parameter Ifput Low

Avg. Annual DMCosts [$19,340-$58,020]

$800,000 $1,050,000 $1,300,000

PEXx: acute pulmonary exacerbation; BSC: best supportive care; DM: disease management; Probability of transplant
among indiiduals with ppFEM&30%.
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Figure 4.3. Tornado Diagram for OiWgay Sensitivity Analyses of Cost per QALY Gained for
SymdekoPlus Best Supportive Care Versus Best Supportive Care Alone in CF Individuals
Heterozygous foF508deMutation and Residual FunctioMutation

Independent PEx Reduction [0.5-1.C

'I

Slope of Utility Function [0.002-0.005]

Discount Rate [1%-5%

Avg. Annual BSC Costs [$54,274-$162,823]

Absolute ppFEV1 Gain [5.7%-7.8%]

=)

m Parameter Input High
m Parameter Input Low

Avg. Transplant Costs [$589,428-$1,768,284]

Avg. Annual DM Costs [$19,340-$58,020]

L .
Avg. PEx Cost [$41,253-$123,750] ]
N
s
_
!

$700,000 $950,000 $1,200,000

PEx: acute pulmonary exacerbation; BSC: best supportive care, DM = disease management, Probability of
transplant among individuals with ppFE80%.

We also evaluated the uncertainty in the model parameters simultaneously by conducting a
probabilistic sensitivity analysis (Table 4.9). For all CFTR modulators in all CF populations evaluated,
the number of iterations in which the CFTR modulators were-effsttive at a WTP threshold of
$500,000 per QALY or less was approximately 0%. For exangp8h% credible interval for the
incremental coseffectiveness ratios fakalydecaompared with best supportive care was

$669,500 to $1,591,500 per QALY for CF individuals with gating muta8casterplots showing

the cost and effectiveness resuftem the probabilistic sensitivity analyses can be found in Figures
E4E6 in Appendix E.
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Table 4.9. Probabilistic Sensitivity Analysis Results: CFTR Modulators Versus Best Supportive Care

Cost Cost Cost Cost Cost Cost
Effective | Effective | Effective | Effective | Effective | Effective

CF population and CFTR Modulat at at at at at at
$50,000 | $100,000 | $150,000| $200,000 | $300,000 | $500,000
per QALY| per QALY | per QALY| per QALY| per QALY| per QALY

CF Individuals with a Gating Mutation
Kalydecoplus BSC 0% 0% 0% 0% 0% 0%

CF Individuals Homozygous fB608deMutation

0% 0% 0% 0% 0% 0%

0% 0% 0% 0% 0% 0%
CF Individuals Heterozygous f6608deMutation and Residual Function Mutation

0% 0% 0% 0% 0% 0%

0% 0% 0% 0% 0% 0%

CFTR: cystic fibrosis transmembrane conductance regulator gene; BSC: best supportive care;

Scenario Analyses Results
Modified Societal Perspective

We incorporated the costs associated with lost productivity in individuals wifT &#fe 4.10). For
individuals with a gating mutation we projected that the difference in lifetime (discounted) indirect
costs was $1,600. Including productivity losses in the analysis resulted in incremental cost
effectiveness ratios faKalydecovery smilar to those seen in the base cas®%8,100 per QALY
societal vs. $56,800 per QALY base case). Estimates for the incrementa¢ffestiveness ratios

for the CFTR modulators for the other two populations also tracked very closely with base case
estimates (Table 4.10).
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Table 4.10. Incremental Cosiffectiveness Ratios Compared to Best Supportive Care (BSC) for the
Societal Perspective

Treatment vs. BSC| Incremental Costs (Direct)| Incremental Costs (Indirect)| Cost Per QALY Gaine(

CF Individuals witta Gating Mutation

Kalydecoplus BSC $6,438,543 -$31,635 $952,061
CF Individuals Homozygous fB608deMutation

Orkambiplus BSC $4,875,137

-$30,639

$885,140

Symdekoplus BSC $5,370,485 -$30,891 $968,744
CF Individuals Heterozygous f&608deMutation and Residual Function Mutation

Kalydecoplus BSC $5,476,416

-$26,054 $936,633

Symdekoplus BSC $5,010,739 -$27,306 $835,987
BSC: best supportive care; QALY: quality adjusted life year

LongTerm Effectiveness Assumptions

In the base case wassumed that CFTR modifiers would result in 50% of the annual declines in

ppFEYas for best supportive care, after the first two years without any decline. In this scenario

analysis we varied that assumption from 0% (i.e., no declines in ppFENMNindividual@ lifetime)

to 100% (i.e., the same annual declines as those on best supportive care after the first two years on

drug) (Table 4.11). For CF individuals with a gating mutation, the incrementaffartiveness

ratio for Kalydecavas $620,400 @ QALY when we assumed that there was no-engn decline in

ppFEY(i.e., the drug increased ppFEVI G KS &G NI 2F GKSNILE® FyR AYR
remained constant for the remainder of their lifetim&imilar declines in ICERs were found with

other drugs and populations (Table 4.11).
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Table 4.11. Incremental Co#iffectiveness Ratios ($ per QALY) Compared to Best Supportive Care
for the LongTerm Effectiveness Assumption

Treatment vs. BSC 0% Decline 25% Decline 75% Decline 100% Decline

CHndividuals with a Gating Mutation

Kalydecoplus BSC $620,428 $751,624 $1,271,535 $1,772,535

CF Individuals Homozygous fB608deMutation

Orkambiplus BSC $566,976 $698,108 $1,191,460 $1,647,556
Symdekoplus BSC $615,966 $761,672 $1,314,815 $1,886,539

CF Individuals Heterozygous f6608deMutation and Residual Function Mutation

Kalydecoplus BSC $651,429 $774,607 $1,152,209 $1,443,267
Symdekoplus BSC $580,459 $688,044 $1,038,188 $1,289,044

BSC: best supportive care

ppFEY Recovery After Pulmonary Exacerbation Assumptions

Ly GKS o6l asS OFrasS ¢S ppeEVdnGS RIly iedoveiito baselind fgllBwWing A Rdzl f a
pulmonary exacerbations, allowing only for the natural decline in lung function and the impact of

the CFTRIrugs on that natural decline. In this scenario analysis we varied that assumption from 0%
(i.e.,no additional decline in ppFEMue to pulmonary exacerbatioro 5% (i.e.a 5% absolute

decline inppFEYfor each pulmonary exacerbation experiengédabé 4.12). For CF individuals

with a gating mutation, the incremental cesftfectiveness ratio foKalydecavas $737,900 per

QALY when we assumed that there was a 5% absolute decline injgpF&ath pulmonary

exacerbation experiencedSimilar declinesniICERs were found with other drugs and populations

(Table 4.12).
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Table 4.12. Incremental Co#iffectiveness Ratios ($ per QALY) Compared to Best Supportive Care
for the Lung Function Recovery After Pulmonary Exacerbation Assumption

Treatment vs. BSC 1%Decline 3% Decline 5% Decline

CF Individuals with a Gating Mutation

Kalydecoplus BSC $826,217 $749,865 $737,931

CF Individuals Homozygous fB608deMutation

Orkambiplus BSC $732,581 $608,234 $569,114
Symdekoplus BSC $827,295 $706,465 $678,570

CF Individuals Heterozygous f6608deMutation and Residual Function Mutation

Kalydecoplus BSC $772,962 $641,731 $606,196
Symdekoplus BSC $700,135 $595,378 $570,023

BSC: best supportive care

Independent Utility Effect

In the base case we assumigt CF individuafutility was based only on lung function (i.e.,

ppFEY, pulmonary exacerbations, lung transplantationB).this scenari@nalysisve varied an
independent utility effect (i.esinga multiplierto the lungfunction-informed utility) due to CFTR
therapy from 1 (no independent effect) to 1.05 (a 5% increase in utility with drug), above that due
to lung function improvemen({Table 4.13). For CF individuals with a gating mutation, the
incremental coseffectiveness ratio foKalydecovas $836,500 per QALY when we assumed that
there was a 5% increase in utility due to drug that in independent of lung funictiprovement .
Similar declines in ICERs were found with other drugs and populations (Table 4.13).
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Table 4.13. IncrementaCostEffectiveness Ratios ($ per QALY) Compared to Best Supportive Care
for the Non-Respiratory Utility Assumption

Treatment vs. BSC 1% Increase 2% Increase 4% Increase 5% Increase

CF Individuals with a Gating Mutation

Kalydecoplus BSC $927,566 $901,055 $855,659 $836,511

CF Individuals Homozygous fB608deMutation

Orkambiplus BSC $859,468 $830,519 $778,983 $756,152
Symdekoplus BSC $940,146 $908,528 $852,381 $827,580

CF Individuals Heterozygous f6608deMutation and Residual Function Mutation

Kalydecoplus BSC $911,513 $883,952 $833,545 $810,438
Symdekoplus BSC $814,291 $789,831 $745,070 $724,539

BSC: best supportive care

Threshold Analysis Results

Unitand annual pces necessary to reach cesffectiveness thresholds of $50,0081 00,000,

$150,000, $200,000, $300,000 and $500,000 per QALY are listed in&d.ddkend 4.15

respectively for each CF population and CFTR modulator. Threshold prices were higher for the CF
population heterozygous fdF508delmutation and residual furiion mutation, and slightly higher

for Orkambicompared withSymdekdor CF individuals homozygous fes08demutation on an

annual cost basisA discount of approximatel§7%44% would be necessary to reach a eost
effectiveness threshold of $500,000/QALLarger discounts would be needed to achieve cost
effectiveness thresholds of $300,000 or less per QALY.
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Table4.14. Threshold Analysis ResulByesentedas Price per Unit

Unit Price
Ito I Unit Price | Unit Price | Unit Price | Unit Price

Net Price : to Achieve | to Achieve | to Achieve | to Achieve
Achieve

Unit
Price to
Achieve

per Unit $100,000 | $150,000 | $200,000 | $300,000 | $500,000
per QALY | per QALY | per QALY | per QALY

$50,000
per QALY

CHndividualswith A Gating Mutation

$426.72 $424.15  $7549  $94.65  $113.82  $13298  $17132
CHndividuals Homozygoufor F508deMutation
$186.78 $180.76  $38.03  $46.42  $54.80  $63.19  $79.96
$400.08 $387.20  $72.84  $89.62  $10639  $12317  $15672
CF Individuals Heterozygous f6608deMutation and Residual Function Mutation
$426.72 $42415  $8254  $101.54  $12054  $139.54  $177.54
$400.08 $387.20  $79.29  $98.52  $117.75  $136.99  $17545
WAC: wholesale acquisitiaost; QALY: quality adjusted life year gained

Table 4.5. Threshold Analysis Results Presented as Annual Prices

Priceto | Priceto | Price to

) ) : Priceto Price to
Annual Annual Ahiere - AEMEE || AdiEVE Achieve | Achieve

WAC | Net Price $50,000| $100,000 $1i2'r000 $200,000( $300,000

QALY
CF Individuals with A Gating Mutation
Kalydeco $311,719 $309,842 $55,145 $69,142 $83,146 $97,142 $125,149

CF Individuals Homozygous f6608deMutation

Orkambi $272,886 $264,090 $55,562 $67,820 $80,063 $92,321 $116,822
$292,258 $282,850 $53,210 $65467 $77,718 $89,976 $114,484

CF Individuals Heterozygous f&608deMutation and ResiduaFunction Mutation
$311,719 $309,842 $60,295 $74,175 $88,054 $101,934 $129,693
$292,258 $282,850 $57,921 $71,969 $86,016 $100,071 $128,166
WAC: wholesale acquisition cost; QALY: quality adjustegd#egained

Note thatKalydecaand Symdekaare each used for treatment in two different populations.

$247.98

$11350
$22382

$253.54
$252.37

Price to
Achieve
$500,000

$181,149

$165,824
$163,501

$185,211
$184,356

Therefore, we also calculated populatireightedthresholdprices using estimated numbers of
patients in each population(We assumed approximately 3,000 CF individuals with gating

mutations, 8,464 CF indiduals homozygous fd¥508deimutation, and6,195 CF ingliduals

heterozygous foF508demutation and residual function mutation.Jhe blendedinit price for

Kalydecaacross both relevant populations varied froB&24at $50,000 per QAL-$99.29 at

$100,000 per QAL¥118.35at $150,000 per QALY an@%l.73at $500,000 per QAL YLheblended

annual prics across the twaelevantpopulationsat the $50,000, $100,000 and 51,000 per
threshold prices were approximately $58,600, $72,500 $8@,500, respective)yand at the

QALY
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$500,000 per QALY threshold price wgproximately $183,90®lendedunit prices for Symdeko
across botlof itsrelevant populations were#6 .57 at $50,000 per QAL$93.38 at $100,000 per
QALY$111.19at $150,000 per QALY, and35.89at $500,000 per QALY he blended annual
prices across the tweelevantpopulations at the $50,000, $100,000 and $150,000 per QALY
threshold prices were approxinely $55,200, $8,200 and $8,200, respectivelyand at the
$500,000 per QALY threshold price was approximatel2,800.

Prior Published Evidence on Costs and Cefectiveness

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

We identified two prior published, Usased coskffectiveness analyses oFCR modulator drugs,
both from the same group. Dilokthornsakul and colleagues have modeled theédongosts and
outcomes ofKalydecdreatment of CF patients with th&€551Dmutation (2016y” and, more
recently,Orkambitreatment of CF patients with homozygoES08demutation (2017)% They
developed a Markov model with a lifetime horizondadS payer perspective, comparing each
treatment to usual care. Our model in the current analysis was informed by these prior models,
and therefore shares some similarities, including time horizon, perspective, and theasse
assumption of 50% decline efficacy two years after treatment initiation. The prior models
included health states for three categories defined by lung function (mild: ppkE¥?b6, moderate:
40%X¥ppFEY< 70%, and severe: ppRE/40%), while the ICER analysis models pp&day/
continuous value.

Although base case outcomes in the 2016 andlysisre undiscounted, results were also
presented using a discount rate of 3%. Discounted incremental QALYs were 5.21, incremental
lifetime costs approximatel$3,527,000, and the basease incremental coseffectiveness ratio

was approximeely $680,000 per QALY (2013 US$ converted to 2017 using the personal
consumption expenditur@PCE] price index). Our current model estimated incremental QALY's of
6.73, incremental costs of $6,438,543, and an incrementalefisttiveness ratio of appraxately
$956,800 per QALY. Starting age for treatment in the ea¢idydecanodel was 25 years old,

while we modeled treatment initiation at two years ol&alydecONVAC was $426.72 per tablet,
which was only slightly higher than the net price usedunanalysis ($424.15), but Dilokthornsakul
et al. assumed that the drug price would drop to 10% of that amount after patent expiration in
2027. This assumption, along with the later age of treatment initiation, may have led to the lower
lifetime costs oberved in the analysis by Dilokthornsakul and colleagues.

The same model was later adapted by Dilokthornsakul and colleagues to examine the lifetime costs
and outcomes oOrkambicombination treatment of CF patients with homozygdétE)8del
mutation ¢ Starting age for treatment wit@rkambiwas 25 years old, while the ICER analysis
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modeled treatment initiation at six years old. The WAGJdtambiwas $117.88 per tablet, which

was lower than the net price used in our analysis ($180.76). Dilokthornsakul et al. again assumed
that the drug price would drop to 10% of WAC after patent expiration. Their analysis estimated a
gain of 2.42 QALYs with aitiemental lifetime cost of approximately $2,698,000, or approximately
$1,115,000 per QALY (all discounted; costs converted to 2017 dollars). Our current model for
Orkambiestimated incremental QALYs of 5.47, incremental lifetime costs of $4,875,13@nand
incremental coseffectiveness ratio of $890,739 per QALY. Again, the later age of treatment
initiation and the assumption of a lower future price may have led to the lower lifetime costs
calculated in this analysis than those from our current model.

Prior to these analyses, Whiting and colleagues had modeled theetfesttiveness oKalydeco

treatment of CF patients aged six years or older (with median age = 20 year§5&itftbmutation

in the United Kingdorf They modified a deterministic simulation model developed by Vertex
Pharmaceuticals, adding in lung transplantations. This analysis was conducted from the UK National
Health Service perspective, with a lifetime horizon and 3.5% discount rate for costs aodest

For longterm effects ofKalydecdreatment on ppFEMlecline, they modeled three different

scenarios: conservative, with same rate of decline as for standard care; intermediate, with 66% rate
of decline; and optimistic, with stable ppREWer lietime. The cost dkalydecaused in the model
was£182,000 (approximately $306,000 in 2017 US$), with the assumption that it would decline to
£20,000 in 14 years, due to loss of patent exclusivity. They usdh&#d utility values and costs

for usual cee, making these results less comparable to owbidSed analysis. This model led to
estimated QALY gains of 1.27 (in the conservative scenario) to 5.26 (in the optimistic scenario), the
latter being closest to our current model estimate of 6.73 increra@ALYs. The incremental
costeffectiveness ratio was estimated to vary between £335,000 and £1,274,000 per QALY
(approximately $563,000 to $2,141,000 in 2017 USS$).

4.4 Summary and Comment

We developed an individud¢vel microsimulation model to projethe lifetime benefits and costs
of CFTR modulator therapies for three different CF cohorts. The drugs increased lung function,
increased weighfor-agez-scores, and decreased the number of acute pulmonary exacerbations
and lung transplantations over tHdetime of individuals. The drugs did not impact Aang

aspects of the disease, nor did they decrease the need foel@ted supportive care. Overall, all
drugs (plus best supportive care) evaluated were very effective compared with best suppartéve
alone in all populations studied, with quak&gjusted life year gains ranging from 5.47 to 6.73
(discounted). With (discounted) CFTR drelgted costs ranging from $4.9 million to $7.4 million,
the incremental coseffectiveness ratios of drugsysl best supportive care compared with best
supportive care alone were approximately $0.9 million per QALY for all drugs in all populations
considered. Our results were robust to variations to parameter estimates, adopting a societal
perspective, or usinfife years gained as the health outcome, except for unit drug costs.
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Limitations

There are several limitatiorte our analysis that deserve mentiolVe used ppFE\as theprimary
marker of lung functiorto characderize the progression of CF over timFialsgenerallydid not
includepatients witheither very low or very high lung functiomhich may impact the

generalizabity of our results. Furthermore, based on available evidence, only the effect of the
CFTR modulators on lung functjeveightand acute pulmonary exacerbatiorege included in the
model. As any surrogate marker of diseagds nota perfect marker foprogression We did not

have direct measures of CFTR modulator benefit of5sBQtilities above that associated with

ppFEY. We comlucted a scenario analysis to examine the potential impact of this and found that a
5% increase in nerespiratoryrelated utility would increase the ICER by approximately 13% for all
drugs and populations. In addition, limited evidence exists aboutthggh Y LI O 2y A Y RA JA
ability to work or attend school, or the degree to which caregiver burden is reduced by CFTR
modulator drugs. Such information would better inform our analysis from a societal perspective.
More importantly, we only had shoterm measures of drug effect and had to make assumptions
about their effect over the lifetime of the patientin addition, weusedtrial-based estimates of
discontinuationof these therapie$o be consistent with the eftacy estimatesrealworld patterns

of discontinuation may diffefrom these.

Conclusions

We found thatCFTR modulator therapies plus best supportive satestantially improveatient

health outcomes compared toest supportivecare Because of théigh costof thesedrugs,
however,the cost ofCFTR modulator therapiexceedcommonly usedosteffectiveness

thresholds. For ultra-rare diseasegjecisionmakers often give special considerations that lead

to coverage and funding decisionshagiherwillingnessto-pay thresholds.We evaluated

thresholds up to $500,000 per QALY and still found that drug prices would need to be reduced
by about40%to be considered cost effectiwa this threshold
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5. Other Benefits and Contextual
Considerations

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 on comparativecelimffectiveness. These general
elements are listed in the table below, and the subsequent text provides detail about the elements
that are applicable to the comparisari adding versus not adding CFTR modulators to standard
care for CF patients

Table5.1. Potential Other Benefits or Contextual Considerations (Not Specific to Any Disease or
Therapy)

Potential Other Benefits

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

This intervention will reduce ingetant health disparities across racial, ethnic, gender, secianomic, or
regional categories.

This intervention will significantly reduce caregiver or broader family burden.

This intervention offers a novel mechanism of action or approach that Vel auccessful treatment of many
patientsfor whom other available treatments have failed

¢CKAAa AYUGSNBSyGAzy Attt KIFIGS + aAIYAFAOLYH AYLI C
and/or their overall productivity.

This intervention will have a significant positive impact outside the family, including on schools and/or
communities.

CKAA AYOGSNBSyGAz2zy gAftt KIFI@GS + aAIYAFAOLY G AYLI C
screening for affected patients, on thersgtization of clinicians, and on the dissemination of understanding
about the condition, that may revolutionize how patients are cared for in many ways that extend beyond t
treatment itself.

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

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

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

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

Compared to best supportive treatment, there is significant uncertainty about thetiemg risk of serious side
effects of this intervention.

Compared to best supportive treatment, there is significant uncertainty about the magnitude or durability
the longterm benefits of this intervention.

There are additional contextual considerations that should have an important role in judgments of the vali
this intervention.
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5.1 Other Benefits

CF represents a major and lifelong burden to patients and ttaegivers.As described in Section

1.5, important aspects of the lived experience of CF patients and their informal caregivers are not
captured by quality of life instruments or by the typically used outcomes in trials and registngs.
possible that there are improvements in the quality of life with CFTR modulator treatment that may
not be fully reflected irour model estimate However, we also heard from individual patients and
their caregivers that use of CFTR modulators ig&lty additive to their daily burden of disease
management, thereby increasing (rather than reducing) the complexity of managing the disease.

The time costs associated with CF and its complications are very large and extend over a lifetime.
While the time costs of patients are, theoretically, accounted for when estimating QALYSs, the time
costs of their informal caregivers are very difficulestimate

5.2 Contextual Considerations

The major contextual consideration pertains to the fadattthe evidence is sparse, especially for
the longterm effects of CFTR modulators on the rate of progression of the dis€asemodeling
analyses suggest that reductions in the rate of CF progressibrthese medicationsnayimprove
both unadjusted ad quality-adjusted life expectancy relative to supportive care alombe
magnitude and sustainability of such effebimveyet to be reliably quantified.

Currently, the CFTR modulators are the only available intervention that targets the basic
pathophysology of the diseaseNovel treatments, e.g., a triple combination of ¥X5and VX659
(novel CFTR correctonjth tezacaftor and ivaaftor, and treatment advances that are likely to be
realized in the next decade may be associated with better outcomes and may eventually
substantially change the typical course of the disease.

With the uptake of systematic newborn screening in the lasesal years, an increasing number of
CF patientsre diagnosed early, before the onset of symptoms or the establishment of irreversible
lung, pancreatic, liver, and other complication&rly and aggressive management of CF, with or
without CFTR modulatdherapy,is expected tahange the course of the disease in these patients.

While CFTRnodulator therapies may play a role in improving health, overall improvements in the
management of care of the disease have substantially improvegrbgnosis fothe CF
population,possiblyto the detriment of new therapies trying to prove a significant clinical
response. However, even with these gains in longevity and quality olvkfiethe last few decades
the United States still lags other comparable cowedrin terms of health benefits in the CF
population.
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6. ValueBased Price Benchmarks

Our valuebased benchmark prices f&alydecoOrkambj andSymdekare presented in Tablé 1.
AsKalydecaand Symdekaare each used for treatment in two different populations, we calculated
blended threshold prices weighted by estimated numbers of patients in each popul&bosach
drug, the discounts required to meet both threshold pri¢eg0%)are muchgreater thanthe
currently assumed discount from WAC.

Table 6.1. ValudBased Benamark Prices foKalydecg Orkambi and Symdeko

AnnualPrice | AnnualPrice .
AnnualNet . . Discount fom
Annual to Achieve to Achieve

Price(with WACto Reach
WAC rice(wl $100,000 | $150,000 O REat
Threshold Priceqd

Mark-Up) | or QALY | per QALY
Kalydeco $311,719 $72,53 $86,43 72% to77%
Orkambi $272,886  $264,090  $67,820 $80,063 71% to75%
Symdeko $292258 $282850 $68215 $81,25 72% to 77%
QALY: qualitadjusted life year

$309,842

©lnstitute for Clinical and Economic Review, 2018 Page83
FinalEvidence Repox Cystic Fibrosis Return to Table of Contents




7. Potential Budgeimpact

7.1 Overview

We usedesults fromthe same modekmployedfor the costeffectivenessanalysedo estimate the
total potential budgetary impact dbymdekan cystic fibrosis, specifically for those heterozygous or
homozygous for th&508demutation. We used the WAIGr Symdeko an estimate of discounted
WAC, and theosteffectivenesghreshold pricesat $50,000, $100,000, and $150,000 per QALY
our estimates of budget impactWWe did not include the other therapies modeled above in this
potential budget impact analysis, given their established presence on the market.

7.2 Methods

Potential budget impact was defined as the total differential cosisigSymdekalus best
supportive carerather than relevant existing therapy for the trea population, calculated as
differential health care costs (including drug costs) minus any offsets in these costs from averted
health care events. All costs were undiscounted and estimatedadfie-year time horizon, given
the potential for cost ofets to accrue over time and to allow a more realistic impact on the
number of patients treated with the new therapy.

The potential budget impact analysis included the candidate populations eligible for treatment:
those patients with cystic fibrosis who mae eligible foSymdeko To estimate the size of the
potential candidate populations for treatment, we used inputs from the Cystic Fibrosis Foundation
Patient Registry Annual Data Rep(®16), which includes prevalence and treatment estimates
from the Cystic Fitbsis Foundation Patient Registryn this analysis, we assumed that all CF
patients homozygous for thE508demutation over the age ofixwould be eligible foSymdeko

We also assumed that all patieraser the age of 12ndheterozygous for akR508delmutation

with an allowed residugunction mutation were eligible foSymdekoNote thatwhile the

approved FDA label f@ymdekallows treatment beyond those havingi@e F508demutation with

a second mutation amenable to Symdet@ did notinclude such patients because of tlaek of
published data on the number of individuals with less frequently occurring mutations, making it
infeasible to calculata reliablenumber of additional patients likely to be treated.

To calculate the@umber in thefirst population, we used the estimate 6608deimutation
prevalence (24,901) multiplied by the percent who are homozygous (41%) as described by the
CFFPRnnual Data Repof2016).! We then estimate the proportion of patients over the age of
sixyearsin the overall cystic fibrosis populati@®2.9%). Applying these proportions to the
prevalent populationour budget impact model assum8gi64 cystic fibrosis patients with two
copies of theF508demutation in the United States will be eligible fymdeko We assumed that
20% of these patients (693) wouldinitiate Symdekdn eachof the five years.
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To calculate thepopulation withheterozygous=508demutation, we used thesameestimateof
F508demutation prevalenceZ4,90]) multiplied by the percent who areeterozygoug45.8%) as
described by the Cystic Fibrosis Foundaffatient Registry Annuélata ReportZ016).! We then
multiplied by the proportion of patierstover the age of 12 (66.9%hd subtraced the number of
G551DandR117Hpatients(2,145)as definedn the 2016 CFRPatient Registry Annual DaReport
(because these twmutationsare not includedon the Symdekdabel).! Administration, 2018, 113}
In total, our budget impact model assumes 6,195 cystic fibrosis patients with one copy of the
F508demutation will be eligible foSymdekadn the United StatesThis number may be
understated because thapproved FDA label f@ymdekallows treatment beyad those having
one F508demutation, so long ashe mutation isresponsive tdSymdekdgthroughin vitro or clinical
data)® We assumed that 20% of the patients (1,239) would initByendekdn each of the five
years.

L/ 9wQa YSiGK2Ra T dibeSicpadt ¥é descripedl inldxsiid and Have t

recently been updated. The intent of our revised approach to budgetary impact is to document the
percentage of patients that could be treated at selected prices without crossing a budget impact
threshold that is aligned with overall growth in thkS economy.

Briefly, we evaluate a new drug that would take market share from one or araigs anctalculate
the blended budget impact associated with displacing use of existing therapies with the new
intervention. Forthis analysisin the populationrhomozygous for th&508demutation, we
assumedhat Symdekdplus best supportive car@ould replaceOrkambiin 50% ofeligible
patients andwould be added to best supportive care in 50% of the eligible patients being treated.
According tahe CFFPRnnual Data Report2016), prescribing rates faDrkambiare 52.5% across
all eligible patients. For the populatiorheterozygous for afF508demutation with an allowed
residualfunction mutation, we assumedhat Symdekdplus best supportive carejould replace
Kalydecadn 50% of eligible patients and would be added to best supportive care in 50% of the
eligible patients being treatedin the absence of data on treatment mixthis specific population
we basedour assumption orthe prescribing rate oKalydecan the R117Hmnutation population as
asurrogate (approximately 50% of eligilglatients)?!

Using this approach to estimate potential budget impact, we then compaveestimates to an
updated budget impact threshold that represents a potential trigger for policy mechanisms to
improve affordability, such as changes to pricing, payment, or patient eligibility. As described in
L / 9methads presentatiorghttp://icer -review.org/wp-content/uploads/2018/03/ICERalue
assessmenframeworkupdate FINAEO62217.pdJ, this threshold is based on an underlying
assumption that health care costs should not grow much faster than growth in the overall national
economy. From this foundational assumption, our potential budget impact threshold is derived
using an estimate agjrowth in US gross domestic product (GDP) +1%, the average number of new
drug approvals by the FDA over the most recent-fwgar period, and the contribution of spending
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on retail and facilitypased drugs to total health care spending. Calculations afenpeed as
shown in Tablg.1

For 201718, therefore, the fiveyear annualized potential budget impact threshold that should
trigger policy actions to manage access and affordability is calculated to total approximately $915
million per year for new drugs

Table 7.1. Calculation of Potential Budget Impact Threshold

1 Growth in US GDP, 2017 (est.) +1% 3.20% World Bank, 2016
72 Total health care spending, 2016 ($) $2.71 trillion  CMS NHE, 2014
CMS National Health
Contributi fd dint total health .
ontribution of drug spendintp total health care 17.7% Expenditures (NHE), 2016:

i 0,
spending (%) Altarum Institute, 2014

Contribution of drug spending to total health care

sl (@) G 2 % Rew ) $479 billion  Calculation

Annual threshold for net healtbare cost growth for ALL

15.3 billi Calculati
new drugs (Row 1 x Row 4) & Hion aictiation

Average annual number of new molecular entity

=
~ (&) N w @

33.5 FDA, 201
approvals, 203-2016
Annual threshold for average cost growth per individu: $457.5
new molecular entity miIIio.n Calculation
(Row 5 + Ro\8)
Annual threshold for estimated potential budget impac $915 million
for each individual new molecular entity (doubling of Calculation
Row 7)
7.3 Results

Table 7.2 illustrates the pgratient budget impact calculations f&@ymdekan those homozygous
for the F508demutation, compared to current carassumingdrkambiplus kest supportive care in
50% andbnly best supportive carén 50%. Potential budget impact ispresentedbased on WAC
($292258 per year), discounted WAC ($2820 per year), and the prices to reach $150,000,
$100,000, and $50,000 per QAibYhis population($75,166 $63,315 and $1,463per year,
respectively)
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Table 7.2. PePatient Budget Impact Calculations Over a Fixgar Time Horizon for Individuals
Homozygous foF508deMutation

Average Annual Per Patient Budget Impact

WAC Discounted $150,000/ $100,000/ $50,000/
WAC QALY QALY QALY
Symdeka-BSC $300,749 $292,545 $113,699 $98,765 $92,331
Orkambi+BS50%)&
183,41
BSQ50%) $183,418
Difference $117,331 $109,128 ($69,719) ($84,653) ($91,078)

WAC: wholesale acquisition co&ALY: quality adjusted life ye&SC: best supportive care
*Indicatescostsaving

The average potential budgetary impact when using the WAC ($292yas an additional per
patient cost of approximately $1300and approximately $19100using the discounted WAC
($282850). At the three coseffectiveness threshold prise@at $50,000,$100,000 ands150,000
per QALY), there would lestimatedcost savingsranging fromapproximately $9,700per patient
using the annual price {%,166 to achieve $150,000 per QALY to approximately@¥Lusing the
annual price ($1,463 to achieve a $50,000 per QALY eefectiveness thresholdNote that we
estimate overall savings because while there would be increased costs fronSysimtgkan
addition to best supportive care, these additional costs would be more than offset by the
replacement ofOrkambiat net price bySymdekat the much lower assumed threshold prices.

Table 7.3 illustrates the pgratient budget impact calculations for those with oRB08dé mutation
and a residual function mutation, compared to current cassumng Kalydec@lus best supportive
care in50% and best supportive caie50%o0f patients We present the potential budget impact
resultsbased on WAC ($29258per year), discounted WAC ($2830 per year), and the prices to
reach $150,000, $100,000, a680,000 per QALY f&ymdekan this population($85,96Q $71,922
and $7,883per year, respectively)

Table 7.3. PePatient Budget Impact Calculations Over a Fixgar Time Horizon for Individuals
with F508deMutation and ResidualFunction Mutation

Average Annual Per Patient Budget Impact

WAC Discounted $150,000/ $100,000/ $50,000/
Symdeka-BSC $301,966 $293,776 $122,441 $110,212 $97,983
Kalydeco+BSC
(50%)& BSQ50%)
Difference $92,781 $84,591 ($86,744) ($98,973) ($111,202)
WAC: wholesale acquisition co&ALY: qualitadjusted life year, BSC: best supportive care

*Indicates costsaving

$209,185
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