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N I c E National Institute for . Level 1A
Health and Care Excellence City Tower

Manchester
M1 4BT
United Kingdom

+44 (0)300 323 0140

By email only

29/06/2020

Dear I

| am aware that Vertex and NHS England have been discussing commercial and
other terms associated with extending the existing interim access agreement for
lumacaftor-ivacaftor and tezacaftor-ivacaftor, to provide access for patients to the
triple combination therapy, elexacaftor-tezacaftor-ivacaftor over a 4 year period.

Like before, the interim access agreement would allow real world data to be
collected and fed into the NICE technology appraisal(s) with final recommendations
to be available by the end of the interim access period to inform future
commissioning arrangements. | believe we are all committed to making this happen.

As the interim access agreement is contingent on Vertex submitting these products
for NICE technology appraisal, | am writing to provide clarification and, wherever
possible, certainty around some key principles that will underpin those future
appraisals. When we get to those appraisals, new methods will be in place, which we
expect to be applied. | don’t expect the new methods to influence the principles
behind the clarification provided below, except to provide more technical detail to
support measurement and calculation, where appropriate.

| recognise that this letter provides clarification on matters of particular interest at this
stage of the proceedings, but | would like to also use this opportunity to reiterate our
support for companies in putting forward an evidence submission to NICE. We have
put in place various steps in the process in which we provide companies the
opportunity to work with our team to get a better understanding of what is likely to be
required when we get to review by the independent committee. It is in our interest to
get this right from an early stage, to prevent delays and to support early or continued
patient access.

NICE

www.nice.org.uk | nice@nice.org.uk



| provide the clarification in this letter to the best of my ability, and without prejudice
of what the independent appraisal committee will make of the case for value of your
products when they get to review them, or how they will approach their work, which
will be guided by our published processes and their independent judgement. NICE

will share a copy of this letter with the appraisal committee at the time of the review
to ensure that the appraisal of the products considers the following:

Rate of decline. NICE will consider the long-term rate of decline from
evidence generated for the ‘triple therapy’, where that is available. | can
also confirm that where that evidence cannot reasonably be generated for
the ‘triple therapy’ itself, we will explore using the rate of decline for
tezacaftor-ivacaftor or lumacaftor—ivacaftor where this is appropriate,
including taking into account data from longer follow-up of patients.

CFQR-8D. For the appraisal of all of the Products, NICE shall use the
EuroQoL-5D descriptive system and the Cystic Fibrosis Questionnaire -
Revised 8D (“CFQR-8D”) with appropriate mapping to generate utility as
inputs for the cost-effectiveness model, as well as available quality of life
(QoL) data on the caregiver at the time of submission; these data may be
available from existing clinical studies in people with cystic fibrosis or
collected in the Interim Access Period and included in Vertex’s
submissions to NICE.

Compliance rates. NICE acknowledges that clinical trial compliance can
be an overestimate of real-world compliance. NICE confirm that if Vertex
includes the impact of compliance/adherence to treatment in their
submission, the appraisal committee will take this into account. Evidence
from use of the products in real life, outside of clinical trials, is important in
this respect, including data collected during the interim access period from
patients in the UK.

Weighted-average ICER. NICE wants to understand the value of each of
the products in patient populations specified in the marketing
authorisation, as well as supporting equity of access where that is
clinically reasonable. The deliberative process used by our independent
committee is usually sufficient to ensure we develop guidance that allows
access to as many patients as is possible. A recent example of a
pragmatic approach in this context is the appraisal of histology-
independent cancer drugs. NICE will use a ‘weighted-average’ ICER if the
evidence, licensing status, clinical input and value proposition make this
reasonable.

Active comparator for the Triple Product. NICE accepts that because
the objective is to establish whether use of triple therapy in patients
otherwise eligible for existing products (ie CFTR modulators) leads to an
acceptable use of NHS resources, these products will be the main
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comparator. In clinical scenarios where patients are not eligible for those
products the focus will be a comparison with best supportive care without
CFTR modulator therapies.

| trust this clarification is helpful and remain at your disposal if you have further
questions or would like to discuss the contents of this letter.

Kind regards,

Meindert Boysen

Deputy CEO & Director of CHTE
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B.1 Decision problem, description of the technology and

clinical care pathway

B.1.1  Decision problem

The objective of this technology appraisal is to assess the clinical and cost-
effectiveness of ivacaftor-tezacaftor-elexacaftor (IVA/TEZ/ELX) + ivacaftor (IVA),
lumacaftor-ivacaftor (LUM/IVA), and tezacaftor-ivacaftor (TEZ/IVA) + IVA according to

their licensed indications:

e |VA/TEZ/ELX in a combination regimen with IVA is being appraised for the
treatment of people with cystic fibrosis (pwCF) aged six years or older who have
at least one F508del mutation in the cystic fibrosis transmembrane

conductance regulator (CFTR) gene (1)

e LUM/IVA is being appraised for the treatment of cystic fibrosis (CF) in patients
aged two years or older, who are homozygous for the F508del mutation in the
CFTR gene (2, 3)

e TEZ/IVA in a combination regimen with IVA is being appraised for the treatment
of pwCF aged six years or older who are homozygous for the F508del mutation
or who are heterozygous for the F508del mutation and have one of the following
mutations in the CFTR gene: P67L, R117C, L206W, R352Q, A455E, D579G,
711+3A—G, S945L, S977F, R1070W, D1152H, 2789+5G—A, 3272-26A—G,
and 3849+10kbC—T (4).

The submission covers the full marketing authorisation of each technology appraised,
at the point of submission. All three products are currently available to patients in the
United Kingdom (UK) under an access agreement with the National Health Service
(NHS) (5). The NHS England (NHSE) commissioning statement 210508P v2.0
outlines the reimbursement status of these treatments (6). The decision problems
addressed within this submission are presented in Table 1. Hereafter, IVA/TEZ/ELX
in combination with IVA will be referred to as IVA/ITEZ/ELX, and TEZ/IVA in
combination with IVA will be referred to as TEZ/IVA.
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Table 1. Decision problem

Final scope issued by NICE

Decision problem addressed in the company

Rationale if different from the final NICE

o best supportive care

o mannitol dry powder for inhalation
o inhaled mucolytics

o nebulised hypertonic saline

o anti-inflammatory agents

o bronchodilators

o vitamin supplements

o pancreatic enzymes

T

e The interventions will be compared to each other

In pwCF aged 6 years or older who are
homozygous for the F508del mutation:

e ECM without IVA/TEZ/ELX

In pwCF aged 6 years or older who are
heterozygous for the F508del mutation:

e ECM without IVA/TEZ/ELX for those
heterozygous for the F508del mutation with
one of the specified licensed minimal
function mutations (F/MF) or one of the
specified licensed residual function
mutations (F/RF) (P67L, R117C, L206W,
R352Q), A455E, D579G, 711+3A—G, S945L,
S977F, R1070W, D1152H, 2789+5G—A,
3272-26A—G, and 3849+10kbC—T)

e IVA monotherapy in combination with ECM
for those heterozygous for the F508del
mutation with one of the specified licensed
gating mutations (G551D, G1244E, G1349D,
G178R, G551S, S1251N, S1255P, S549N,
S549R, or R117H)

e ECM without IVA/TEZ/ELX for all remaining
indicated mutations

Relevant comparators for LUM/IVA

e ECM without LUM/IVA

submission scope
Intervention e |vacaftor, tezacaftor and elexacaftor combination therapy Same
(Kaftrio)
e Tezacaftor and ivacaftor combination therapy (Symkevi)
e Lumacaftor and ivacaftor combination therapy (Orkambi)
Population PwCF with at least one F508del mutation Same
Subgroups People who are PwCF with at least one F508del mutation in the | It is not relevant or appropriate to consider
e homozygous for the F508del mutation, or CFTR gene are in scope. subgroups within CF since all CF patients
e heterozygous for the F508del mutation and a residual within the licensed indications will benefit
function mutation clinically from the indicated CFTR modulator
(@as  demonstrated for example for
IVA/TEZ/ELX in Middleton et al., 2019) (7).
Comparator(s) e Established clinical management (ECM) including Relevant comparators for IVA/TEZ/ELX: ¢ IVA monotherapy is a relevant comparator

in PwCF who are heterozygous for the

F508del mutation and a gating mutation,

and should therefore be added to the list

of comparators

It is not necessary or appropriate to

compare the interventions to one another:
o The current uptake figures for pwCF
aged 6+ years with at least one F508del

mutation show that
in England. Data collected

through the Data collection agreement

of the UK CF

LUM/IVA’s licence in 2-5 year old
population which is not at present
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Final scope issued by NICE

Decision problem addressed in the company
submission

Rationale if different from the final NICE

scope

Relevant comparators for TEZ/IVA

PwCF aged 6 years or older who are
homozygous for the F508del mutation:

e ECM without TEZ/IVA

PwCF aged 6 years or older who are
heterozygous for the F508del mutation with
one of the specified licensed residual function
mutations (F/RF) (P67L, R117C, L206W,
R352Q, A455E, D579G, 711+3A—G, S945L,
S977F, R1070W, D1152H, 2789+5G—A, 3272-
26A—G, and 3849+10kbC—T):

e ECM without TEZ/IVA

covered by the IVA/TEZ/ELX licence. In
the same period,

(8).

o The ECFS consensus statement on
standards of care for CFTR variant-
specific therapy stipulates that pwCF
“aged six years or older, with one or two
F508del variants, should have daily
treatment with triple modulator therapy
(IVA/ITEZ/ELX)” (9). The market share
data in conjunction with ECFS
statement suggest that IVA/TEZ/ELX is
standard of care for the vast majority of
eligible pwCF in the UK while
alternatives are only suitable if
IVA/TEZ/ELX is not indicated or
tolerated.

o lItis inappropriate to compare the
interventions to one another given that
the NICE methods clearly state
technologies recommended in managed
access agreements are not considered
suitable comparators, and LUM/IVA and
TEZ/IVA fall into this category (10).

Outcomes

The outcome measures to be considered include:
¢ Mortality

Forced expiratory volume

Lung function

Body mass index

Respiratory symptoms

Pulmonary exacerbations

Pulmonary bacterial colonisation

Frequency and severity of acute infections

Need for hospitalisation and other treatments

Exercise tolerance/capacity

Adverse effects of treatment

Health-related quality of life

The outcome measures to be considered
include:
e Mortality
e Lung function
o Forced expiratory volume (FEV)
o Lung clearance index 2.5 (LCl;5s)
Body mass index
Respiratory symptoms
Pulmonary exacerbations
Lung transplants
Need for hospitalisation & other treatments
Adverse effects of treatments
Health-related quality of life

The following important outcomes in CF
should be included in the scope of the
appraisal:

e Lung transplants

e Lung clearance index 2.5 (LCl,5s)
On the other hand, given that pulmonary
exacerbations are acute infections, including
acute infections as a separate outcome is
duplicative; acute infections were therefore not
included in this submission. Furthermore,
exercise tolerance is not a relevant outcome
for CF.

Economic analysis

The reference case stipulates that the cost effectiveness of
treatments should be expressed in terms of incremental cost
per quality-adjusted life year.

o Cost-effectiveness results are expressed in
terms of ICER
o A lifetime horizon is used in the model

Uniform discounting of costs and benefits,
although recommended by majority of national
HTA guidelines, leads to prioritisation of
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Final scope issued by NICE

Decision problem addressed in the company
submission

Rationale if different from the final NICE
scope

The reference case stipulates that the time horizon for
estimating clinical and cost effectiveness should be sufficiently
long to reflect any differences in costs or outcomes between
the technologies being compared.

Costs will be considered from an NHS and Personal Social
Services perspective.

The availability of any commercial arrangements for the
intervention, comparator and subsequent treatment
technologies will be taken into account.

The availability and cost of biosimilar and generic products
should be taken into account.

e Costs are considered from a National
Health Service and Personal Social
Services perspective

o A differential annual discount rate of 1.5%
for health outcomes and 3.5% for costs is
applied in the base case

e QALY shortfall analyses has been
conducted to reflect the high degree of the
severity of CF

e The impact of loss of exclusivity on cost-
effectiveness is considered in a scenario
analysis

treatments with immediate health benefits and
works against preventative health programmes
and other interventions characterised by early
investment and late accrual of health benefits.
The national HTA guidelines of Belgium,
Poland and the Netherlands, recommend
using a lower discount rate for outcomes
(1.5%, 1.5% and 3.5%, respectively) compared
with costs (3%, 4% and 5%, respectively),
arguing that this is a normative decision taken
to “avoid too strong penalisation of
interventions such as screening or vaccination
programmes” where uniform discounting could
lead to perpetual deferral of investment (11-
14).

It has been shown that equal discount rate for
costs and outcomes is appropriate for decision
making in a society maximising the present
value of health under the conditions of a fixed
NHS budget and a constant willingness-to-pay
threshold (15). However, it is likely that the
value of health over time will increase due to
rising social expectations regarding
maintaining good health and income growth
(16).

The increase in the threshold would mean that
future additional costs will displace less health;
a lower discount rate for health outcomes vs
costs would account for such future increase in
the value of health benefits (15, 17).

Equality and
considerations

other

Guidance will only be issued in accordance with the marketing
authorisation. Where the wording of the therapeutic indication
does not include specific treatment combinations, guidance
will be issued only in the context of the evidence that has
underpinned the marketing authorisation granted by the
regulator.

If evidence allows, the appraisal will consider the relationship
between baseline lung function and clinical effectiveness.

An appraisal approach of subgrouping the
indicated populations according to CFTR
genotype or baseline lung function may raise
equality concerns.

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator gene protein; CFTR, cystic fibrosis transmembrane conductance regulator
gene; ECFS, European Cystic Fibrosis Society; ECM, established care management; ELX, elexacaftor; FEV, forced expiratory volume; F/F, homozygous for the F508del-CFTR mutation; F/MF,
heterozygous for the F508del-CFTR mutation and another mutation that produces no CFTR protein or is unresponsive to CFTR modulators (‘minimal function’); F/RF, heterozygous for the F508del
mutation with a mutation associated with residual CFTR protein activity (‘residual function’); HRQoL, health related quality of life; ICER, incremental cost-effectiveness ratio; IVA, ivacaftor; LUM,
lumacaftor; LCl, 5, lung clearance index 2.5; NHS, National Health Service; pwCF, people with CF; TEZ, tezacaftor.
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B.1.2 Description of the technology being appraised

B.1.2.1 Mechanism of action

The CFTR protein acts as a chloride channel on the apical membrane of epithelia
lining multiple organs, most notably the airways, intestines, pancreatic ducts, and
reproductive tracts (18). Within the epithelial cells, CFTR protein controls the chloride
ion secretion and, indirectly, sodium and water movement, thereby affecting the
viscoelastic properties of mucus (18, 19). PwCF have two mutant CFTR alleles
resulting in little-to-no CFTR protein quantity, impaired CFTR protein function, or both
(19-21).

CFTR modulators (CFTRms) consist of potentiators and correctors that directly target
the CFTR protein (22). CFTR potentiators (i.e., IVA') increase the probability of open
channel conformation of CFTR through direct binding to the channel and thus require
its presence at the cell surface to function (19). CFTR correctors (e.g., LUM, TEZ, and
ELX) increase the quantity of CFTR protein delivered to the cell surface via improved
processing and trafficking (19, 23). A recent study of the CFTR binding sites of LUM
and TEZ found that these correctors insert into a hydrophobic pocket in the first
transmembrane domain (TMD1) of CFTR. This stabilises the four helices of TMD1,
making CFTR protein less vulnerable to intracellular degradation, thereby increasing
the probability of forming a fully assembled CFTR (Figure 1) (24). Although the
mechanism of action of ELX has not been conclusively defined, it has been suggested
that ELX stabilises the nucleotide binding domain-2 of CFTR (25, 26).

"IVA increases the function of CFTR proteins associated with several common CF alleles, including G551D, G1244E, G1349D,
G178R, G551S, S1251N, S1255P, S549N or S549R, R117H.

Company evidence submission for ivacaftor/tezacaftor/elexacaftor, lumacaftor/ivacaftor and
tezacaftor/ivacaftor fixed dose combination therapies for treating cystic fibrosis [ID3834]

© Vertex (2023). All rights reserved Page 22 of 397



Figure 1. LUM or TEZ binding with CFTR protein
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Abbreviations: CFTR, cystic fibrosis transmembrane conductance regulator; ER, endoplasmic reticulum.
Reference: Fiedorczuk et al (24)

The three treatments appraised in this submission each contain a combination of a

potentiator (IVA) with at least one corrector. The main characteristics of IVA/TEZ/ELX,
LUM/IVA and TEZ/IVA are summarised in Table 2.
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Table 2. Technology being appraised

UK approved
name and brand
name

Lumacaftor, ivacaftor (Orkambi®)

Tezacaftor, ivacaftor (Symkevi®)

Ivacaftor, tezacaftor, elexacaftor (Kaftrio®)

Mechanism  of
action

LUM/IVA is a combination therapy that includes a CFTR
corrector (LUM) and a CFTR potentiator (IVA) (2, 3). The
combination increases both the quantity and function of
F508del-CFTR at the cell surface, resulting in increased
chloride ion transport (2, 3).

TEZ/IVA is a combination therapy that includes a CFTR
corrector (TEZ) and a potentiator (IVA) (4). The
combination increases both the quantity and function of
F508del-CFTR at the cell surface, resulting in increased
chloride ion transport (4).

IVA/ITEZ/ELX is a combination therapy that includes
CFTR correctors (ELX and TEZ) and a potentiator (IVA)
(4). The combination increases both the quantity and
function of F508del-CFTR at the cell surface, resulting
in increased chloride ion transport (1, 27). The CFTR
correctors ELX and TEZ bind to different sites on the
CFTR protein and have an additive effect in facilitating
the cellular processing and trafficking of CFTR to
increase the amount of CFTR protein delivered to the
cell surface compared to either molecule alone (1, 27,
28).

Marketing
authorisation/CE
mark status

LUM/IVA was first issued a marketing authorisation
which was valid throughout the European Union in 2015
for the treatment of CF in patients aged 12 years or older
who are homozygous for the F508del mutation in the
CFTR gene (29). Since then the licence has been
expanded to include patients aged 2 years or older who
are homozygous for the F508del mutation (30).

TEZ/IVA was first issued a marketing authorisation
which was valid throughout the European Union in 2018
(31, 32) for patients 12 years or older who are
homozygous for the F508del mutation or who are
heterozygous for the F508del mutation and have one of
the following mutations in the CFTR gene: P67L,
R117C, L206W, R352Q, A455E, D579G, 711+3A—G,
S945L, S977F, R1070W, D1152H, 2789+5G—A, 3272
26A—G, and 3849+10kbC—T. Since then the licence
was expanded to include patients aged 6 years or older
with the same mutations as originally licenced (33).

IVA/ITEZ/ELX was first issued a marketing authorisation
which was valid throughout the European Union in 2020
for patients aged 12 or older with one F508del mutation
and one minimal function mutation, or two F508del
mutations in the CFTR gene (34). Since then the licence
was expanded to include patients aged 6 years or older
who have at least one F508del mutation in the CFTR
gene (35).

Indications and
any
restriction(s) as
described in the
summary of
product
characteristics

LUM/IVA granules are indicated in patients aged 2 years
or older whilst the film coated tablets are indicated in
patients aged 6 years or older (2, 3).

Lumacaftor/ivacaftor should be used with caution in
patients with advanced liver disease and only if the
benefits are expected to outweigh the risks (2, 3).

Refer to Document B2 Appendix C for further details of
special warnings and precautions. Contraindications:
Hypersensitivity to the active substance(s) or to any of
the excipients (2, 3).

TEZ/IVA in combination with IVA should be used with
caution in patients with advanced liver disease and only
if the benefits are expected to outweigh the risks (4).
Refer to Document B2 Appendix C for further details of
special warnings and precautions.

Contraindications: Hypersensitivity to
substance(s) or to any of the excipients (4).

the active

IVA/ITEZ/ELX in combination with IVA should be used
with caution in patients with pre-existing advanced liver
disease (e.g., cirrhosis, portal hypertension) and only if
the benefits are expected to outweigh the risks (1). Refer
to Document B2 Appendix C for further details of special
warnings and precautions.

Contraindications: hypersensitivity  to
substance(s) or to any of the excipients (1)

the active

Method of
administration
and dosage

e PO

¢ One sachet of LUM 100 mg/IVA 125 mg every 12
hours (for patients aged 2 to 5 years and weighing
less than 14 kg) (2)

e One sachet of LUM 150 mg/IVA 188 mg every 12
hours (for patients aged 2 to 5 years and weighing 14
kg or more) (2)

o 2 tablets of LUM 100 mg/IVA 125 mg every 12 hours

e PO

* One tablet containing TEZ 50 mg/IVA 75 mg in the
morning and one tablet containing IVA 75 mg in the
evening (for patients aged 6 to < 12 years weighing <
30 kg).

o One tablet containing TEZ 100 mg/IVA 150 mg in the
morning and one tablet containing IVA 150 mg in the
evening (for patients aged 6 to < 12 years weighing =

¢ PO

» Two tablets, each containing IVA 37.5 mg/TEZ 25
mg/ELX 50 mg in the morning and one tablet
containing IVA 75 mg in the evening (for patients
aged 6 to <12 years weighing <30 kg)

e Two tablets, each containing IVA 75 mg/TEZ 50
mg/ELX 100 mg in the morning and one tablet
containing IVA 150 mg in the evening (6 to <12 years
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UK approved
name and brand
name

Lumacaftor, ivacaftor (Orkambi®)

Tezacaftor, ivacaftor (Symkevi®)

Ivacaftor, tezacaftor, elexacaftor (Kaftrio®)

(for patients aged 6 to 11 years)
» 2 tablets of LUM 200 mg/IVA 125 mg every 12 hours
(for patients aged 12 years or older) (3).

Dose adjustments are recommended in patients with
moderate to severe hepatic impairment. Refer to
Appendix C for further details (2, 3).

30 kg and = 12 years) (4).

Dose adjustments are recommended in patients with
moderate to severe hepatic impairment and when co-
administered with moderate and strong CYP3A
inhibitors (4). Refer to Appendix C for further details.

weighing 230 kg, and = 12 years) (1)

Refer to Appendix C for further details on dose
adjustments (1).

Additional tests
or investigations

If the patient's genotype is unknown, an accurate and
validated genotyping method should be performed to
confirm the presence of the F508del mutation on both
alleles of the CFTR gene (2, 3).

Assessments of liver function tests are recommended
before initiating LUM/IVA, every 3 months during the first
year of treatment, and annually thereafter (2, 3). For
patients with a history of ALT, AST, or bilirubin
elevations, more frequent monitoring should be
considered (2, 3). Refer to Appendix C for further details.

If the patient's genotype is unknown, an accurate and
validated genotyping method should be performed to
confirm the presence of an indicated mutation using a
genotyping assay (4).

Liver functions tests are recommended for all patients
prior to initiating treatment, every 3 months during the
first year of treatment, and annually thereafter (4). For
patients with a history of transaminase elevations, more
frequent monitoring of liver function tests should be
considered (4). Refer to Appendix C for further details.

If the patient's genotype is unknown, an accurate and
validated genotyping method should be performed to
confirm the presence of at least one F508del mutation
using a genotyping assay (1).

Assessments of transaminases (ALT and AST) and total
bilirubin are recommended for all patients prior to
initiating treatment, every 3 months during the first year
of treatment, and annually thereafter (1). For patients
with a history of liver disease or transaminase
elevations, more frequent monitoring should be
considered (1). Refer to Appendix C for further details.

List price and
average cost of a

o Cost per 112-day pack of LUM/IVA (film-coated
tablets): £8,000 (36)

o Cost per 28-day pack of TEZ/IVA: £6,294 (38)
o Cost per 28-day pack of IVA: £7,000 (39)

e Cost per 28 day pack of IVA/TEZ/ELX : £8,346 (40)
e Cost per 28-day pack of IVA: £7,000 (39)

course of | e Cost per 28-day pack of LUM/IVA (granules sachets): | e Annual acquisition cost (at List Price): £173,414. » Annual acquisition cost (at List Price): £200,187 .
treatment £8,000 (37)
* Annual acquisition cost (at List Price): £104,357.
Patient access | Confidential commercial access agreement between Vertex and NHSE is currently in place.
scheme (if
applicable)

Abbreviations: ALT, alanine transaminase; AST, aspartate transferase; CE, European conformity; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator; ELX, elexacaftor;
IVA, ivacaftor; NHSE, National Health Service England; PO, per os (orally administered); TEZ, tezacaftor.

Company evidence submission for ivacaftor/tezacaftor/elexacaftor, lumacaftor/ivacaftor and tezacaftor/ivacaftor fixed dose combination therapies
for treating cystic fibrosis [ID3834]

© Vertex (2023). All rights reserved

Page 25 of 397




B.1.3  Health condition and position of the technology in the

treatment pathway

B.1.3.1 Disease background

Aetiology and pathophysiology

CF is a rare autosomal recessive disease caused by mutations in the CFTR gene on
chromosome 7 which encodes the CFTR protein, an ion channel responsible for the
transport of chloride and bicarbonate across cell membranes (41, 42). In pwCF,
mutations in both copies of the CFTR gene (one gene from each parent) lead to
disordered expression and/or function of CFTR protein compared to people with at
least one wild type copy of the CFTR gene, resulting in impaired salt and fluid transport
across the surface of the epithelia lining multiple organs. The disrupted ion
concentration gradient causes thick mucus to accumulate within the lungs and other
organs (21, 43). Mucus obstruction in the airways creates conditions for a chronic
inflammatory response triggered and/or exacerbated by infection, leading to gradual
airway damage. Abnormal mucus clearance and subsequent mucus stasis predispose
the damaged airway to further infection, perpetuating the cycle. Dysfunctional CFTR
protein also leads to progressive damage of the pancreas, intestinal tract and liver so
that patients experience severe symptom burden associated not only with lung
damage, but also malabsorption, constipation, CF-related diabetes (CFRD) and CF-

related liver disease (44).

Classification of CFTR mutations

To date, over 2,000 different CFTR mutations have been identified (45). These have
commonly been categorised into five classes (46, 47). Class | mutations are nonsense,
frameshift or splice mutations which interfere with CFTR gene transcription and result
in the complete absence of CFTR protein. Class Il mutations lead to CFTR proteins
that are abnormally folded such that they are marked for subsequent degradation by
the cell, resulting in little-to-no CFTR protein. Class Il mutations yield protein with
impaired gating mechanism, precluding regulation of the chloride transport through the
apical membrane. Similarly, Class IV mutations result in sufficient protein trafficked to
the apical membrane, however, the mutation affects the conductive properties of

CFTR channels, limiting the transport of chloride out of the cell. Finally, Class V
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mutations lead to reduced amounts of functional CFTR protein (46, 47). This

classification system is summarised in Table 3.

Table 3. Classification of CFTR mutations

Mutation class Result of mutation

| Defective protein production

Il Defective processing

1} Defective regulation

\ Defective conductance

\Y Reduced amounts of functional CFTR
Abbreviations: CFTR, cystic fibrosis transmembrane conductance regulator protein

Reference: Koch et al (46)

The majority of CFTR mutations are rare and the pathogenic mechanisms for some of
them have yet to be determined, making classification according to the mechanism by
which mutation affects CFTR protein function impractical (48). Consequently, there
has been a recent shift towards an alternative approach, classifying mutations as
those that reduce the quantity of CFTR reaching the cell surface, those that impair
CFTR function, and those that reduce both the quantity and function of CFTR at the
cell surface (49). This classification approach aligns with the mechanism of action of
CFTRms, which were designed to improve CFTR quantity and/or function of CFTR at
the cell surface (49).

For example, the F508del mutation results in CFTR protein misfolding and retention
in the endoplasmic reticulum, and thus leads to a net loss in both the quantity and
function of CFTR protein (48, 50). The F508del is a deletion of three base-pairs
resulting in the omission of phenylalanine at position 508 of the CFTR protein and is
the most common CFTR mutation in pwCF: around 90% of the UK CF population

carries this mutation on at least one CFTR allele (51, 52).

As with F508del, other types of CFTR mutations are increasingly classified according
to their effect(s) on CFTR protein quantity and/or function with an emphasis on
responsiveness to CFTRms in certain instances. Mutations that produce no CFTR
protein or are unresponsive to CFTRms in vitro are classified as “minimal function”
(MF) mutations (53). Residual function (RF) mutations result in a moderate loss of
CFTR-mediated chloride transport and, finally, gating mutations result in CFTR
proteins that reach the cell surface but have defective anion channel activity as they
fail to open and close properly, leading to reduced chloride transport (54). A list of
CFTR genotypes abbreviations that are used throughout the document, is presented

in Table 4.
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Table 4. CFTR genotype abbreviations

Abbreviations Definition Examples of mutations on the
second CFTR allele

F508del/F508del Homozygous for the F508del-CFTR mutation N/A

(F/F)

F508del/MF (FIMF) Heterozygous for the F508del-CFTR mutation and another | G542X, N1303K
mutation that produces no CFTR protein or is unresponsive
to CFTRms (‘minimal function’)

F508del/RF (FIRF) Heterozygous for the F508del mutation and a mutation | R117H, R334W, R347P
associated with residual CFTR protein activity (‘residual
function’)

F508del/Gating Heterozygous for the F508del mutation and a gating mutation | G5711D, G178R, S1255P
(F/Gating)
Abbreviations: CFTR, cystic fibrosis transmembrane conductance regulator; CFTRm, CFTR modulator; F508del, mutation
leading to the deletion of phenylalanine 508 from the CFTR protein.

Clinical Burden

CF is a congenital, multisystem disease characterised by progressive damage to
numerous organs, with symptom burden starting at birth in the severest cases (55,
56). Severity of disease can be impacted by genotype, age and the stage of disease
progression (57, 58). In 2021 there were 10,908 CF patients in the UK (59). The UK
has the second highest incidence of CF in Europe of 1:2800, second only to Ireland
(60) and similar to that seen in the United States (US) (61). While there have been
improvements in CF care over the past years, there was little incremental effect on
predicted survival prior to the introduction of CFTRms (62). CFTRms were first
adopted in the UK in 2013 (63) and in 2011 the median age at death was only 26 years
(62). In 2021, however, the median age at death for CF patients was 38 years (59),

indicating a significant improvement since the introduction of CFTRms in the UK.
Key drivers for morbidity and mortality in CF include:

¢ Inevitable decline in lung function (percent predicted forced expiratory volume
in one second [ppFEV1]) with each 1% reduction in ppFEV1 increasing the risk
of death over 5 years by 4% (64).

e Number of pulmonary exacerbations (PEx) per year. Compared to having no
exacerbations in a year, 1-2 exacerbations per year increases the risk of death
3-fold (p<0.0001) and 3 or more exacerbations per-year increases the risk of
death 4.5-fold (p<0.001) (65)

e Poor nutritional status (low body mass index [BMI] and weight) (64, 65).

Survival models based on registry data have also consistently reported that clinical

characteristics such CFRD and pancreatic sufficiency are reliable predictors of survival
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in pwCF (64-66). The pulmonary and extra-pulmonary manifestations of CF are

described below.
Progressive damage to lung function and structure
Common lung and airway abnormalities in pwCF include:

e A build-up of mucus in the airways known as mucus plugging that restricts
airflow and causes air to become trapped within distal lung airspaces after
expiration, resulting in pulmonary hyperinflation and breathing difficulties (67,
68)

e Airway wall thickening in early stages of chronic infection and inflammation (69)

e Bronchiectasis, a later stage in lung disease caused by long-term excessive
inflammation of the airways resulting in irreversible tissue breakdown,
permanent abnormal widening of the airways and mucus deposition (70).
Symptoms include chronic productive cough and shortness of breath that

worsens over time (70)

e Nasal polyps (soft growths within the nose), likely caused by the chronic
congestion or infection common in CF, with symptoms including nasal

congestion and a loss of smell (71)

e Lung collapse, caused by air leaks into the space between the lung and the
chest wall. Symptoms include chest pain and shortness of breath. The severity
depends on how much of the lung has collapsed, but it can be life threatening.
Damaged lung tissue due to CF-related lung disease increases the likelihood

of lung collapse (72, 73).

Structural lung damage often occurs at a very early age, with many infants presenting
with structural deformities at diagnosis some of which can be irreversible (55, 74). It
worsens with age (75-77) and as the disease progresses, further irreversible changes
develop, such as bronchiectasis (78). In a longitudinal study of pwCF aged 9 to 24
years, most bronchiectasis developed within the 2-year time frame between

successive scans, frequently without any indication on earlier scans (75).

The presence and extent of structural lung abnormalities in early childhood appear to

predict the rate of subsequent lung disease progression, with more severe
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abnormalities being associated with significantly worse lung function in later life
compared to patients with milder abnormalities or normal lung structure (79). Turkovic
and colleagues showed that mucus plugging and air trapping at 5 to 6 years of age
are strongly associated with lower FEV1 z-scores between the ages of 5 and 15 years
(80). Given the presence of structural damage and disease progression in younger

pwCF, sustained early intervention is critical to improve long-term outcomes (81).

PwCF commonly experience daily coughing, wheezing, and shortness of breath

significantly limiting their routine daily physical activities (82, 83).
Pulmonary Exacerbations

PEx are intermittent episodes of acute worsening of lung disease symptoms, which
are usually triggered by bacterial infection (84-87). Data from the US CF patient
registry has shown that, in both children and adults, lower lung function measured in
ppFEV1, is associated with more frequent PEx (Table 5) (87). Furthermore, a
Canadian retrospective study (N=851) found that, in the course of a mean follow-up of
8 years, people with 21 PEx during the study period had an annual rate of decline in
lung function of 2.5%, over twice the rate in people without a PEx (88). This decline in
lung function after a PEx is not fully reversible, setting a new baseline value which is
lower than the baseline value prior to the PEx (89).

Table 5. Relationship between lung function (ppFEV1) and number of PEx/year

in pwCF derived from US CF Patient Registry data for 2004
Annual rates of PEx by ppFEV, decile in the US CF Patient Registry

Mean ppFEV, of each decile >80 60-79 40-59 20-39

Mea_n annual PEx rate per 0.3 0.7 11 18
decile

Abbreviations: CF, cystic fibrosis; PEx, pulmonary exacerbations; ppFEV+, percent of predicted forced expiration volume in
one second; pwCF, people with cystic fibrosis; US, United States.

Reference: Adapted from Goss and Burns (87).

Those aged 6 years or older with at least one F508del-CFTR mutation typically
experience at least one PEx annually, usually requiring intensified antibiotic therapy
and prolonged hospitalisation, which have a significant impact on patients’ quality of
life (QoL) (90-92). PEx have an acute negative effect on patient health and QoL, as
well as several long-term consequences, including a faster rate of lung function decline
(88), an increased risk of future exacerbations and hospitalisation (90), a higher
likelihood of lung transplantation (93) and an increased mortality risk (64, 65, 88).
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Lung transplant

CF is the third most common cause of lung transplantation globally (94). Out of 10,655
registered pwCF in the UK in 2019, 96 were accepted for transplant, and 51 of these
patients received a bilateral lung transplant (95). Bilateral lung transplantation is
complex, high risk, and expensive, but may be appropriate in CF patients with
advanced or severe lung disease that has failed to respond to standard therapy (96).

The median survival of pwCF post-lung transplant is approximately 7.5 years (97).
Extra-pulmonary manifestations

CFRD: CFRD is the most common CF-related co-morbidity, occurring in approximately
40%-50% of adults with CF (98). The prevalence of CFRD rises quickly in adolescence
and adulthood, initially presenting as endocrine pancreatic dysfunction, which over
time can lead to CFRD (99, 100). The incidence is also higher in certain genotypes,
with Class | or Il CFTR mutations? associated with a CFRD incidence of 92.3% (101).

Gastrointestinal disease: Loss of CFTR function makes the luminal environment of
the small intestine dehydrated and more acidic, leading to mucus accumulation,
frequent bacterial colonisation, malabsorption and poor growth (102). Increased levels
of proinflammatory cytokines increase the risk of inflammatory bowel disease, such as
Crohn’s disease and coeliac disease (102) by 17 times and 3 times that of the general
population, respectively (103, 104). Failure to thrive and low BMI are associated with
increased susceptibility to lung infections (105, 106) and a higher rate of lung function
decline (107, 108). The most serious acute intestinal complication of CF is intestinal
obstruction, which can lead to chronic constipation and abdominal discomfort, as well

as intestinal perforation and sepsis if left untreated (102).

CF associated liver disease (CFLD): CFLD is caused by the accumulation of
thickened bile in the biliary ducts (109). The bile accumulation damages and inflames
liver epithelial cells, causing localised fibrosis. Over time, prolonged epithelial damage
can lead to inflammation throughout the liver, causing fibrosis, cirrhosis, and portal
hypertension (109). In general, CFLD risk appears highest in those with CF mutations
that result in little-to-no CFTR activity, such as F508del (110). A retrospective analysis

2 This refers to the CF mutation classification system described in section

Disease background.
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of the French CF Modifier Gene Study database found that the incidence of CFLD
increased with age, reaching 32.2% by 25 years of age (111).

Factors affecting prognosis in CF

The clinical burden is impacted by the stage of the disease as measured by ppFEV1
(112). A retrospective cohort study found that the steepness of the rate of decline in
ppFEV1 is inversely related to patient age at death and patients with ppFEV1<30%
have a 50% chance of dying within two years. After adjustment for age and sex, the
relative risk of death within two years was 2.0 (95% confidence interval [Cl]: 1.9 to 2.2)
for each decrement in the FEV1 of 10 percent below the predicted value (112). Thus,

slowing down the decline in ppFEV1 as early as possible is critical in CF treatment.

The number of PEX per year also impacts the clinical burden experienced by patients.
Compared to having no exacerbations in a year, 1-2 exacerbations per year increases
the risk of death 3-fold (P<0.0001) and 3 or more exacerbations per-year increases
the risk of death 4.5-fold (P<0.001) (65). Poor nutritional status (low BMI and weight)

is also a key driver for morbidity and mortality (64, 65).

Overall, CF is described by the patient community as a “deadly, progressive disease”
and for pwCF and their caregivers there is a “daily battle” to slow the disease’s

progression (113).

B.1.3.2 Impact of CF and current treatment on the healthcare budget,

patients and their carers

Economic burden

A 2012 retrospective, cross-sectional study of CF patients in the UK conducted prior
to the introduction of CFTRms found that the average annual direct healthcare cost of
non-institutionalised patients diagnosed with CF was £15,146 (42.9 % of total costs)
(114, 115). The number of PEXx a patient experiences per year and the severity of lung
function impairment have been identified as strong predictors of economic burden in
the UK (116). The average annual healthcare cost for a patient with severe lung
function impairment could be as much as seven times higher than for a person with
mild disease (117). Low BMI (P=0.001), low baseline ppFEV1 (P< 0.001), female
gender and the presence of Pseudomonas aeruginosa infection (P=0.02) are also

significant predictors of increased total annual costs (116).
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Hospitalisation costs represent a large component of total direct medical costs in CF
(118). According to the British Lung Foundation emergency admissions data from
2008-2012 pwCF in the UK are admitted to hospital on average once per year with an
average length of stay (LOS) of 10 days (119). Overall, CF accounts for 9,500 hospital
admissions and over 100,000 hospital bed days per year in the UK, with a third of
these used by children under 15 years of age (119, 120). Pooled results from two
randomised controlled trials (RCTs) conducted across several countries including the
UK found the annual hospital admission rates of 0.91 and 0.90 in those receiving
standard care in the real life setting and those receiving standard care in the real life
setting + mannitol respectively (121-123), with a mean LOS during the 26-week period
of 9.91 days (standard deviation [SD] 6.39) and 9.46 days (SD 6.22), respectively
(123).

A 2021 UK based longitudinal study reported the mean annual time CF patients spent
in hospital per year and the time spent on IV antibiotics before and during IVA
treatment (124). It found that patients spent a mean of 23 + standard error (SE) 6.8
days per year as inpatients pre-IVA, 9.2+SE 4.2 days during the first year of IVA
treatment and 4.6+SE 1.7 days in the fifth year of treatment. In the year prior to starting
IVA, patients spent a mean of 27.3+SE 6.1 days on IV antibiotics (home and inpatient
IV antibiotics). This fell to 11.9+SE 4.8 days in the first year of IVA and remained low

through to year 5, where the mean number of days on |V antibiotics was 12.4+SE 5.6.

People with CFRD are reported as having a significantly prolonged LOS (10.6 days)
relative to non-diabetic pwCF (8.86 days, P<0.001) (125). Hospitalisation rates are
also higher in individuals with poorer lung function. In a medical chart review study of
523 individuals with CF aged 212 years across France, Germany, lItaly, Spain,
Australia, and Canada, 67% had =1 hospitalisation over a mean of 27 months follow-
up, with the rate of hospitalisation higher in those with poorer lung function (severe

ppFEV1 group) than those with moderate or mild lung function (Table 6) (126).
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Table 6. Hospitalisations in individuals with CF based on lung function

Healthcare Resource Utilisation Mild Moderate Severe
21 hospitalisation, % 55% 73% 86%
Hospitalisation rate (per patient-year), n £ SD 0.7+x1.1 14+£1.6 21+2.0

Abbreviations: SD, standard deviation.
Reference: Hodgkins et al (126)

Pooled data from two RCT studies conducted across Europe (including the UK), the
US, Canada, Argentina and Australia found that the mean costs of medications,
hospital visits and community visits were £2,972 (SD, £3,157), £3,125 (SD, £5,745)
and £53 (SD, £116) respectively in the control group treated with standard care in the
real life setting (Table 7) (123). These costs were all far higher in patients that

experienced a PEx during the trial period as compared with those that did not (123).

Table 7. Costs associated with CF treatment over a 26-week trial period

Cost (£) Control (N=134)
Mean SD
No PDPE in trial period Medication 2,617 2,713
Community visits 53 122
Hospitalisations 1,994 4,474
TOTAL 4,664 5,492
PDPE in trial period Medication 3,976 4,047
Community visits 53 99
Hospitalisations 6,325 7,561
TOTAL 10,354 10,445
All patients Medication 2,972 3,157
Community visits 53 116
Hospitalisations 3,125 5,745
TOTAL 6,150 7,510
Pooled data; adult population, ITT
Abbreviations: PDPE, protocol defined pulmonary exacerbation; SD, standard deviation
Reference: NICE (123)

Nearly 10% of CF patients require lung transplant, which also impacts costs (127) as
lung transplant procedures have been estimated at £42,018 per transplantation with
significant post-operative treatment costs estimated at £21,634 in year 1, £13,063 in
year 2, £13,733 in year 3, £8,249 for years 4-10, and £4,590 for subsequent years
(128).

Direct non-healthcare costs also impose a significant cost burden. In a cross-sectional
study of adults with CF across eight European countries, Chevreul and colleagues
(2016) found that direct non-healthcare costs (including formal and informal care)
amounted to £17,638 per patient per year in the UK, with informal care being the
highest cost item. Informal caregivers provide a valuable contribution as the cost of

replacing their care with paid help was estimated at £13,373 (129, 130).

Indirect costs are also an important contributor to the economic burden of CF,
however, there is a paucity of published data for either CF patients or their caregivers
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(131). In a study of 254 CF patients in the UK, 40% of patients reported that they had
resigned from a job due to CF (132). Chevreul and colleagues (2016) found that the
mean annual labour productivity loss was £10,186 per patient per year in the UK (129,
130). Indirect medical costs are also imposed on families of CF patients, as a result of
caregiving responsibilities that lead to lower availability to work, productivity loss,
greater absenteeism and obstacles to career progression (133). A small study in the
UK found that 80% of caregivers had sacrificed paid employment to care for their child
(134). Increased out-of-pocket expenditure was found to be associated with caring for
an individual with a chronic illness and resulted in financial burden for families of these
individuals (134).

Wyatt et al. conducted a retrospective chart review in the UK to look at the resource
implications of specific CF genotypes (135). The chart review included 200 CF patients
aged 6 years or older. Patients were required to have either the G551D/other or
F508/F508 mutation, representing nearly 60% of UK patients. For each patient
included in the study, 2 years of uninterrupted resource use between June 2007 and
March 2012 was reviewed. The results show comparable resource implications of the
two genotypes, apart from the number of days of home IV; the mean over 2 years was
45 days for the G551D/other mutation and 33 days for the F508/F508 mutation (Table
8) (135).

Table 8. Two-year healthcare utilisation by pwCF with different genotypes

q Total No.
Routine No. of Hosp IV Home IV
Visits Hospns OLI;I;’SSP days days sz(":: ;3 D?‘r?)/ao)se
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
G551D/other
(pts, N=63) 14.0 (8.4) 3.4 (34) 49 (82) 35 (40) 45 (80) 55 (87) 42 (67)
DF508/DF508
(pts, N=137) 15.7 (9.3) 3.5(3.3) 48 (84) 39 (46) 33 (49) 119 (87) 98 (72)
Abbreviations: SD, standard deviation; Hospns, hospitalisations; pts, patients.
Reference: Wyatt et al (135).

Humanistic burden

The clinical manifestations of CF also lead to impaired mental and physical health
related quality of life (HRQoL) for both pwCF and their families and caregivers (115,
136-138). The prevalence of depression in CF patients ranges from 8% to 29% among
children and adolescents and 13 to 33% among adults (139). Patients and parents of
children with CF are two to three times more likely to experience anxiety and

depression than the general population (139). Day-to-day care (not including CFTRm
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therapy) imposes a substantial burden, as the intensive regimen patients follow
(including nebulised and inhaled therapies and airway clearance techniques) can take
approximately 2-3 hours per day (140, 141). Adolescents with CF report lifestyle
restrictions due to their poor health and time-consuming treatments which they feel

restrict their freedom (142).

Several disease-related factors are associated with reduced HRQoL in pwCF,
including reduced lung function, PEx, low BMI and depression (143). Caregivers of CF
patients with greater disease severity reported greater burden, and lower utility and
visual analogue scale scores than caregivers of patients with lesser disease severity
(129, 144).

Clinical pathway of care and context of the proposed positioning of IVA/TEZ/ELX,
LUM/IVA and TEZ/IVA.

Currently there is no cure for CF (145, 146), but early intervention is crucial to
attenuate disease progression and prevent further damage (20, 72, 147-149). Existing
treatments are broadly classified into two groups based on their expected clinical
benefit, including: 1) symptom-based therapies, which comprise the established
clinical management (ECM), a term used throughout this document to indicate
collectively treatments which do not treat the cause of CF (150) and 2) CFTRms,
currently the only disease-modifying treatment options which target the underlying

cause of disease (43).

Established clinical management

In the UK National Institute for Health and Care Excellence (NICE) recommends the

following symptom-based therapies as ECM of CF (150):

e Airway clearance techniques (breathing techniques, autogenic drainage and
airway clearance devices) (151)

e Mucoactive agents (dornase alpha, hypertonic sodium chloride, or mannitol dry
powder) to reduce the viscosity and/or adherence of the mucus within the
airway, thereby promoting better mucus clearance (152)

¢ Antibiotics for treating acute and chronic bacterial infections

¢ Immunomodulatory agents (e.g., azithromycin, corticosteroids)

¢ Nutritional support to achieve normal growth and development (150, 151)
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e Exercise to help clear mucus from the lungs and improve overall lung function
(150, 151).

The NHS guidance on CF treatments also indicates that bronchodilators may be used

to widen the airways (151). Further treatments are also recommended depending on

any complications which may arise such as distal intestinal obstruction syndrome,

malabsorption, liver disease, low bone mineral density, CFRD and psychological

illness.

The European CF Society consensus statements on standards of care in CF (9)

recommend that:

e Children with CF with eligible CFTR gene variants should be offered treatment
with IVA from 4 months of age

e Children with CF who are homozygous for the F508del variant, aged 2-5 years,
should be offered treatment with LUM/IVA

e PwCF aged six years or older, with one or two F508del variants, should have
daily treatment with IVA/TEZ/ELX

e PwCF and at least one responsive non-F508del variant should be considered
for mono (IVA), dual (TEZ/IVA) or triple CFTRm therapy (IVA/TEZ/ELX) (9)

However, such modulators are not included in the NICE guideline (150).

Existing ECM represents a considerable burden on pwCF, as they typically spend 2-3
hours per day on treatment regimens (140, 141). Furthermore, ECM fails to address
the underlying cause of CF. The ECM for CF recommended by NICE is described in

the diagram in Figure 2.
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Figure 2. Established clinical management of CF
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CFTR Modulators

By targeting the underlying cause of CF, CFTRms have shifted the paradigm for the
treatment of CF, offering benefits beyond symptom-based therapy (153). Table 9
describes the CFTRm treatments currently indicated in each CF genotype and the
respective prevalence of each genotype. These treatments are not currently
recommended by NICE (150). However, an NHS commissioning policy exists in
England for all three licensed CFTRm combination therapies as well as IVA

monotherapy. Only the combination therapies are within the scope of this appraisal
(6).
Results from clinical studies of LUM/IVA and TEZ/IVA demonstrate significant

improvements in lung function, respiratory symptoms, nutritional status, and mucus

clearance, as well as reduced rates of PEx (154-157).

LUM/IVA is the only approved medicine that targets the underlying protein defect in
CF patients with the F/F genotype as young as 2 years of age (2, 3). Three RCTs
demonstrated a manageable safety profile and consistent improvements in important
goals of CF treatment such as lung function and nutritional status in patients 6 years
or older homozygous for F508del (158, 159). These benefits are maintained long-term
with continued LUM/IVA administration (156, 160). Statistically significant
improvements in key outcomes such as BMI and weight were also observed in the 2-
5 years age group in a phase 3 single-arm trial and its corresponding 96-week
extension study (161, 162).

TEZ/IVA represents a disease-modifying treatment option for patients with F/F and
F/RF genotypes aged 6 years or older. TEZ/IVA offers an alternative therapeutic
option for patients, particularly to those who are not able to tolerate LUM/IVA due to
adverse events (AEs) or drug-drug interactions. The efficacy and safety of TEZ/IVA in
patients aged 6 years or older has been established in pivotal phase 3 studies,
demonstrating TEZ/IVA’s ability to address the key primary goals of CF treatment for
patients with F/F and F/RF genotypes by improving lung function, reducing PEX,
enhancing nutritional status, and improving HRQoL (157, 163-165).
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Table 9. CFTR modulator therapies indicated in common CF genotypes

Genotype
Genotype prevalence Indicated treatments Guidance
(166)
TEZ/IVA Commissioning Policy (6)
Homozygoltjnsuic;:ighne(I;/’jFO)Bdel-CFTR 54.3% LUM/IVA Commissioning Policy (6)
e IVA/ITEZ/ELX Commissioning Policy (6)
ECM alone NG78 (150)
Heterozygous for the F508del-CFTR IVAITEZIELX Commissioning Policy (6)
mutation and another ‘minimal 299
function’ mutation with no/minimal ° ECM alone NG78 (150)
CFTR protein activity (F/MF)
Heteroz_ygous for‘the_F508del-(_,‘F7"R TEZ/IVA Commissioning Policy
mutation and a ‘residual function 6.2%
mutation associated with residual e IVA/ITEZ/ELX Commissioning Policy (6)
CFTR protein activity (F/RF) ECM alone NG78 (150)
Heterozygous for the F508del-CFTR IVA Commissioning Policy (6)
1 1 1 0,
mutation a(”Fd/ga%f‘nt'”)g mutation 10.6% IVAITEZIELX Commissioning Policy (6)
9 ECM alone NG78 (150)
Heterozygous for the F508del CFTR ECM alone NG78 (150)
mutation with other or unknown NR T .
mutation (F/Other) IVA/ITEZ/ELX Commissioning Policy (6)
Abbreviations: ECM, best supportive care; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator;
ELX, elexacaftor; IVA, ivacaftor; IVA/TEZ/ELX, elexacaftor-tezacaftor-ivacaftor in combination with ivacaftor; LUM/IVA,
lumacaftor-ivacaftor; NR, not reported; TEZ/IVA, tezacaftor-ivacaftor in combination with ivacaftor.

These benefits were generally maintained over an additional 96 weeks of treatment in
(163, 167).

More recently, treatment with IVA/TEZ/ELX demonstrated unprecedented
improvements in lung function (ppFEV1), improvements in CFTR function, a
dramatically reduced risk of PEx and transformative improvements in QoL in RCTs of
patients aged 212 years with at least one F508del mutation (7, 168-172). IVA/ITEZ/ELX
has also demonstrated robust and durable improvements in measures of lung function
(as measured by ppFEV1) and respiratory symptoms in patients with F/F and F/MF
genotypes aged 6 through 11 years (173-175). Given the substantial clinical benefit to
CF patients from the age of 6 years, IVA/TEZ/ELX could have a significant societal
impact by alleviating the physical and psychological caregiver burden and reducing
the need for early retirement (115, 176, 177 ).

Further clinical evidence of the efficacy of these modulators will be discussed in detail
in Section B.2. As the first class of disease-modifying treatments, CFTRms represent
a major advancement in CF management (178). The trial data and real-world evidence
as described in Section B.2. suggest that these treatments could alleviate key drivers
of morbidity and mortality in CF. A simulation study applied to the Canadian pwCF
indicates that delayed access to IVA/TEZ/ELX could have a negative impact on
patients’ lung health, resulting in a higher number of individuals with severe disease
who ultimately may require a lung transplant or die (179). If all eligible patients in
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Canada started triple therapy in 2021, defined in the study as ‘early’, the estimated
median age at death could increase an additional 9.2 years (95% CI: 7.5 to 10.8) over
a 10-year period compared to the baseline scenario, resulting in 74 (95% CI1:62, 86)
fewer deaths. In contrast, ‘delayed’ introduction of the triple therapy, i.e., introduction
in 2025, would improve the median age at death by only 3.3 years (95% CI: 1.7 to
5.0), resulting in only 31 (95%CI: 19 to 44) fewer deaths between 2021 and 2030. The
study also predicted that ‘early’ availability of the triple therapy could lead to 146 fewer
transplants by 2030 due to fewer individuals in the severe lung function category,

compared with 98 fewer transplants if the drug’s introduction is ‘delayed’ (179).
Unmet need

While there have been improvements in CF care over the past years, prior to the
introduction of CFTRms there has been little incremental effect on predicted age at
death (180). CFTRms were first adopted in the UK in 2012, and the previous year (i.e.,
2011) the median age of death was only 26 years (62). In 2021, however, the median
age at death for pwCF patients was 38 years (59), indicating a significant improvement
since the introduction of CFTRms in the UK. However, this is still approximately 46
years below the national median which was 82.3 years for males and 85.8 years for
females in the years 2018 to 2020 (181). Furthermore, less than five pwCF received
a bilateral lung transplantin 2021, compared to 51 in 2019 (59).Prior to the introduction
of IVA/TEZ/ELX, pwCF with the F/MF genotype and those with at least one F508del-
CFTR allele had no disease modifying treatment option available and faced substantial
disease burden (7, 178).

Until recently, clinical management in England focused on controlling symptoms of CF
and did not address the underlying cause of this multi-organ disease. Despite ECM,
patients experience a high clinical burden including a progressive loss of lung function
at an annual ppFEV1 decline of one to three percentage points per year (93, 182).
Those with at least one F508del-CFTR mutation typically experience at least one PEx
annually (90-92). PEx have a significant impact on patient morbidity and mortality and
each episode of PEx is associated with long term lung function decline and a higher
risk of a future PEx. Subsequent to a PEx episode, patient HRQoL scores have been
found to be reduced for several weeks (91). Structural lung damage in CF patients
often occurs at a very early age, with many infants presenting with structural
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deformities at diagnosis that may be irreversible (55, 74, 149). CF also has significant
deleterious effects on the health-related quality of life (HRQoL) of patients, families
and caregivers (129, 136, 138) and several studies have shown a high prevalence of

depression among pwCF (176, 183).

Sustained early intervention to preserve lung function is critical to improving long-term
outcomes. The clinical community has highlighted the need for new therapies that
could improve survival and QoL in CF (184) by targeting the underlying protein defect
that causes CF, preventing early lung disease in children and altering the course of
disease progression. CFTRms are the first treatment option to address the key
underlying cause of the disease and restore CFTR protein quantity and function,
producing multi-systemic benefits and lower risk of mortality, which have been

validated in clinical practice (185).

B.1.3.3 Proposed positioning of IVAITEZ/ELX, LUM/IVA and TEZ/IVA in the
CF treatment pathway in England

IVA/TEZ/ELX, LUM/IVA and TEZ/IVA are indicated as add-on therapy to ECM in the
treatment of CF with the choice of CFTRm regimen depending on patient CFTR
genotype and age as described in Table 2 (1-4). They are recommended for long-term
uninterrupted use starting from the age indicated in their respective licences and are

currently reimbursed in 24 countries globally (Vertex, internal communication).

The NHSE commissioning statement for IVA, TEZ/IVA, LUM/IVA and IVA/TEZ/ELX
sets out the eligibility criteria for pwCF (6). However, none of the three products

described in this appraisal are currently recommended in the NICE guidelines (150).

B.1.4  Equality considerations

We do not anticipate that this appraisal raises any equality issues according to the
current proposed scope of the appraisal, although an appraisal approach of
subgrouping the indicated populations according to CFTR genotype or baseline lung

function would raise equality concerns.

B.2 Clinical effectiveness

This section describes the available evidence of clinical efficacy and safety for each

of the three CFTRms considered in this appraisal. To present the comprehensive
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evidence collected for each CFTRm in several subpopulations of pwCF defined by age
and CFTR genotype, each of the B2 sections is subdivided into three main subsections
outlining evidence for each of the interventions (IVA/TEZ/ELX, LUM/IVA or TEZ/IVA).
Each subsection is further divided to demarcate the trials according to the age of their
enrolled populations, following the chronological sequence of evidence collection and
marketing authorisations of CFTRms. Trials in adolescents and adults (=12 years of
age) are presented first, followed by studies in younger children aged 6 to 11 years,
and finally, paediatric studies in patients aged 2 to 5 years [where applicable]. In each
subsection, pivotal trials were described first, followed by the corresponding open-
label extension (OLE) studies and other studies used to support marketing

authorisation and/or to inform the cost-effectiveness model.

All clinical studies with CFTRms are abbreviated to the last 6 digits with the first 3 digits
denoting the investigational drug (ELX=VX-445; TEZ=VX-661; LUM=VX-809) and the
last 3 digits denoting the study number (e.g., study VX14-661-106 is study 661-106).

In all trials, both the intervention and comparator were administered as add-ons to
components of ECM and will be described as IVA/TEZ/ELX, LUM/IVA, TEZ/IVA, IVA
and placebo (PBO) hereafter, as applicable.

B.2.1 Identification and selection of relevant studies

A systematic literature review (SLR) was conducted to identify the available clinical
evidence for CFTRms included in the decision problem in indicated populations of
pwCF.

The literature search for evidence of clinical efficacy and safety was undertaken in
May 2022 in electronic databases (EMBASE, MEDLINE and The Cochrane Library),
and was supplemented with hand searches of grey literature sources including
conference proceedings, clinical trial registries, health technology assessment (HTA)
bodies and medical association websites. Studies were assessed for methodological

quality and their data extracted.

The complete reference list of the 184 studies (describing 46 unique trials of CFTRms
including IVA and 138 unique trials of components of ECM) identified in the SLR can
be found in Appendix D. The included trials of CFTRms encompassed seven trials of

IVA, 11 of TEZ/IVA, 13 of LUM/IVA and 15 trials of IVA/TEZ/ELX. The identified
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IVA/TEZ/ELX, LUM/IVA and TEZ/IVA studies were then assessed for their relevance
to the given decision problem (Table 10, Table 11and Table 12).

B.2.1.1 IVAITEZ/ELX
Of the 15 IVA/TEZ/ELX trials identified in the SLR, six were not considered relevant

for the decision problem and are therefore not described further in this appraisal (Table
10). Of the nine studies considered relevant, eight were either pivotal trials or OLE
studies included in the European Medicines Agency (EMA) marketing authorisation
application or expansion of the marketing authorisation and were also used to inform
the CEM (studies 445-102, 445-103, 445-105, 445-104, 445-110, 445-106 Part B, 445-
107, and 445-116). These studies are described in detail in Section B.2.1.1. KEPLER
study 445-109, which was included in the indirect treatment comparison (ITC) for CF
patients aged 12 years or older who are homozygous for F508del, is described in more

detail in Appendix D.

See Appendix D for full details of the process and methods used to identify and select
the clinical evidence relevant to IVA/TEZ/ELX for the treatment of CF.

B.2.1.2 LUM/IVA
Of the 13 LUM/IVA trials identified in the SLR, five were not considered relevant for

the decision problem and are therefore not described further in this appraisal (Table
11). Of the eight studies considered relevant for the decision problem, seven were
either pivotal trials or OLE studies included in the EMA marketing authorisation
application, expansion of the marketing authorisation or/and to inform the cost-
effectiveness model (TRAFFIC study 809-103, TRANSPORT study 809-104,
PROGRESS study 809-105, studies 809-109, 809-110, 809-115B and 809-116) and

are described in detail in Section B.2.2.2.

See Appendix D for full details of the process and methods used to identify and select

the clinical evidence relevant to LUM/IVA for the treatment of CF.

B.2.1.3 TEZ/IVA

Of the 11 TEZ/IVA trials identified in the SLR, six were not considered relevant for the
decision problem and are therefore not described further in this appraisal (Table 12).
Of the five remaining studies, four were either pivotal trials or OLE studies used to
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obtain a marketing authorisation, or to support expansion of the marketing
authorisation and/or to inform the cost-effectiveness model (CEM) (studies 661-106,
661-108, 661-110, and 661-115), and are described in detail in Section B.2.2.3. Study
661-113, which was included in the ITC for pwCF aged 6 to 11 years or older with F/F

or F/RF genotypes, is described in more detail in Appendix D.

See Appendix D for full details of the process and methods used to identify and select

the clinical evidence relevant to TEZ/IVA for the treatment of CF.
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Table 10. Overview of the studies comprising the clinical trial programme for IVA/TEZ/ELX
CFTRm | Study name Study identifier Genotype 8,?_:) Interventions Status Relevant for this appraisal & reason iSntudy il
Study 445-001 VX16-445-001 F/MF 18+ Completed No; does not inform the CEM due to short (4- | N/A
(Part F)* (NCT03227471) week) duration
AURORA F/F VX17-445-103 F/F 12+ IVA/ITEZ/IELX vs | Completed Yes; pivotal trial B2
(study 445-103) (NCT03525548) TEZ/IVA
KEPLER VX18-445-109 F/IF 12+ IVA/TEZ/IELX vs | Completed Yes; informs the CEM Appendix D
(study 445-109) (NCT04105972) TEZ/IVA
KEPLER OLE VX19-445-115 F/F IVA/ITEZ/ELX Ongoing No; does not inform the CEM due to results not | N/A
(study 445-115) (NCT04362761; 12+ being available at the time of submission
EudraCT2019-
003455-11)
AURORA OLE VX17-445-105 F/F or FIMF 12+ IVA/ITEZ/ELX Ongoing Yes; supports marketing authorisation and | B2
(study 445-105) (NCT03525574) informs the CEM
SHUTTLE VX18-445-113 F/F or F/IMF 12+ IVA/TEZ/ELX Ongoing No; does not inform the CEM due to results not | N/A
(study 445-113) (NCT04043806) being available at the time of submission
AURORA F/MF VX17-445-102 F/IMF 12+ IVA/TEZ/IELX vs | Completed Yes; pivotal trial which also informs the CEM B2
(study 445-102) (NCT03525444) PBO
> VOYAGER VX19-445-117 F/MF 12+ IVA/ITEZ/ELX Completed No; does not inform the CEM due to results not | N/A
d (study 445-117) (NCT04599465) being available at the time of submission
N Study 445-126 VX20-445-126 F/IMF 12+ IVA/TEZ/ELX Completed No; does not inform the CEM due to results not | N/A
w (NCT04969224) being available at the time of submission
Ly AURORA  F/RF | VX18-445-104 F/RF or F/Gating IVA/ITEZ/IELX vs | Completed Yes; supports marketing authorisation and | B2
§ F/Gating (NCT04058353) 12+ TEZ/IVA (F/RF) informs the CEM Appendix D
= (study 445-104) or IVA (F/Gating)
AURORA  F/RF | VX18-445-110 F/RF or F/Gating IVA/TEZ/ELX Completed Yes; supports marketing authorisation and | B2
F/Gating OLE | (NCT04058366) 12+ informs the CEM
(study 445-110)
AURORA 6-11 VX18-445-106 F/F or F/IMF IVA/ITEZ/ELX Completed Yes; supports marketing authorisation and | B2
(study  445-106 | (NCT03691779) 6-11 informs the CEM Appendix D
Part B)
AURORA  6-11 | VX19-445-107 F/F or F/IMF IVA/ITEZ/ELX Ongoing Yes; informs the CEM B2
OLE (NCT04183790; 6+
(study 445-107) EudraCT 2019-
001827-11)
GALILEO VX19-445-116 F/IMF IVA/TEZ/ELX vs | Completed Yes; informs the CEM B2
(study 445-116) (NCT04353817; 6-11 PBO
EudraCT2019-
003554-86)
GALILEO OLE VX20-445-119 F/IMF 6+ IVA/TEZ/ELX Ongoing No; does not inform the CEM due to results not | N/A
(study 445-119) (NCT04545515) being available at the time of submission
Abbreviations: CEM, cost effectiveness model; ELX, elexacaftor; F/F, homozygous for the F508del-CFTR mutation; F/Gating, heterozygous for the F508del mutation and a gating mutation; F/MF,
heterozygous for the F508del-CFTR mutation and another mutation that produces no CFTR protein or is unresponsive to CFTR modulators (‘minimal function’); F/RF, heterozygous for the F508del
mutation with a mutation associated with residual CFTR protein (‘residual function’); IVA, ivacaftor; N/A, not applicable; OLE, open-label extension; PBO, placebo; TEZ, tezacaftor; yrs, years.
Colours indicate the age group of enrolled pwCF (green, 18+, blue, 12+, and pink, 6-11 or 6+ years of age)
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Table 11. Overview of the studies comprising the clinical trial programme for LUM/IVA

CFTRm Study name Study identifier Genotype Age (yrs) Interventions Status aR::)?-‘;?:atlfgrr:::on g;l;:¥ibe din
TRAFFIC (study VX12-809-103 F/F LUM/IVA vs PBO Completed Yes; pivotal trial which also | B2
809-103) (NCT01807923) 12+ informs the CEM Appendix D
TRANSPORT VX12-809-104 F/F LUM/IVA vs PBO Completed Yes; pivotal trial which also | B2
(study 809-104) (NCT01807949) 12+ informs the CEM Appendix D
PROGRESS (study | VX12-809-105 F/F 12+ LUM/IVA Completed Yes; informs the CEM B2
809-104) (NCT01931839)
Study 809-106 VX14-809-106 F/IF 19+ LUM/IVA Completed No; does not inform the | N/A
(VX14-809-106) CEM
Study 809-112 VX15-809-112 F/F Completed No; the primary and key | N/A
(NCT02875366) secondary outcomes are
12+ LUM/IVA vs PBO related to exercise
tolerance, hence the study
does not inform the CEM
< Wark, Cookson, et | N/A F/F Completed No; does not inform the | N/A
> al. 2017 12+ LUM/IVA CEM due to small sample
E size of only 9 patients
=) Lee, Morton, et al. | N/A F/IF 12+ LUM/IVA On-going No; ongoing study that | N/A
- 2020 does not inform the CEM
Study 809-011 VX13-809-011 F/F LUM/IVA Completed Yes; this trial does not | Appendix D
(Part B) (NCT01897233) 6-11 inform the CEM but is
included in the ITC
Study 809-109 VX14-809-109 F/F LUM/IVA vs PBO Completed Yes; supports the | B2
(NCT02514473) 6-11 marketing authorisation | Appendix D
and informs the CEM
Study 809-110 OLE | VX15-809-110 F/F 6+ LUM/IVA vs PBO Completed Yes; this study informs the | B2
(NCT02544451) CEM
Study 809-115 VX15-809-115 F/IF 25 LUM/IVA Completed Yes; supports the | B2
(Part B) (NCT02797132) marketing authorisation
Study 809-116 VX16-809-116 F/IF o4 LUM/IVA Completed Yes; supports the | B2
OLE (NCT03125395) marketing authorisation
Study 809-121 VX16-809-121 FIF Completed No; this is a phase 2 | N/A
(MRI) (NCT03625466) 2-5 LUM/IVA vs PBO exploratory study which
does not inform the CEM

Abbreviations: CEM, cost effectiveness model; ELX, elexacaftor; F/F, homozygous for the F508del-CFTR mutation; F/Gating, heterozygous for the F508del mutation and a gating mutation; F/MF,
heterozygous for the F508del-CFTR mutation and another mutation that produces no CFTR protein or is unresponsive to CFTR modulators (‘minimal function’); F/RF, heterozygous for the F508del
mutation with a mutation associated with residual CFTR protein function; ITC, indirect treatment comparison; IVA, ivacaftor; LUM, lumacaftor; MRI, magnetic resonance imaging; N/A, not applicable;
OLE, open-label extension; PBO, PBO; TEZ, tezacaftor; yrs, years. Colours indicate the age group of enrolled pwCF (blue, 12+, pink, 6-11 or 6+ years of age and yellow, 2-5 or 2+ years of age)
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Table 12. Overview of the studies comprising the clinical trial pro

ramme for TEZ/IVA

Relevant for this appraisal

Study

OLE

(NCT03537651)

CEM due to results not
being available at the time of
model development

CFTRm Study name Study identifier Genotype Age (yrs) Interventions Status & . -
reason described in
Study 661-103 VX13-661-103 F/IF 18+ TEZ/IVA, PBO Completed No; does not inform the N/A
(NCT02070744) CEM due to short follow-up
period compared to other
RCTs in this age/genotype
population
BEST VX14-661-111 F/F 18+ TEZ/IVA, PBO Completed No; does not inform the N/A
(study 661-111) (NCT02508207) CEM due to short (4-week)
duration
EVOLVE VX14-661-106 F/F 12+ TEZ/IVA, PBO Completed Yes; pivotal trial which also B2
(study 661-106) (NCT02347657) informs the CEM Appendix D
C-FACT VX15-661-112 F/F 12+ TEZ/IVA, PBO Completed No; does not inform the N/A
(Study 661-112) | (NCT02730208) CEM due to its exploratory
nature and data availability
at 72-week timepoint only
<« ENCOURAGE VX16-661-114 F/F 12+ TEZ/IVA, PBO Completed No; does not inform the N/A
> (study 661-114) (NCT03150719) CEM due to short (8-week)
ﬁ duration
w EXTEND OLE VX14-661-110 F/F or F/IRF 12+ TEZ/IVA Ongoing Yes; supports marketing B2
= (study 661-110) (NCT02565914) authorisation
EXPAND VX14-661-108 F/RF 12+ TEZ/IVA, IVA, PBO Completed Yes; pivotal trial which also B2
(study 661-108) (NCT02392234) informs the CEM Appendix D
ENHANCE VX14-661-109 F/Gating 12+ TEZ/IVA, IVA, PBO Completed No; F/Gating population not N/A
(study 661-109) (NCT02412111) covered by the marketing
authorisation
ENTRUST VX15-661-113 F/F or F/IRF 6-11 TEZ/IVA Completed Yes; informs the CEM Appendix D
(study 661-113) (NCT02953314)
EMBRACE VX16-661-115 F/F or F/RF 6-11 TEZ/IVA, PBO Completed Yes; supports marketing B2
(study 115) (NCT03559062) authorisation and informs Appendix D
the CEM
Study 661-116 VX17-661-116 F/F or F/RF 6+ TEZ/IVA Ongoing No; does not inform the N/A

Abbreviations: CEM, cost effectiveness model; F/F, homozygous for the F508del-CFTR mutation; F/Gating, heterozygous for the F508del mutation and a gating mutation; F/RF, heterozygous for the
F508del mutation with a mutation associated with residual CFTR protein; IVA, ivacaftor; N/A, not applicable; OLE, open-label extension; PBO, placebo; RCT, randomised controlled trials; TEZ, tezacaftor;
yrs, years. Colours indicate the age group of enrolled pwCF (green, 18+, blue, 12+, and pink, 6-11 or 6+ years of age)
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B.2.2 Summary of methodology of the relevant clinical

effectiveness evidence

B.2.21 IVA/ITEZ/ELX

Evidence for the clinical efficacy and safety of IVA/TEZ/ELX deemed relevant for the
decision problem encompasses eight trials outlined in Table 10. Six are completed
phase 3 trials with published results while the remaining two, study 445-105 and study
445-107, are the ongoing OLE studies. Detailed methods and results of the six
completed phase 3 trials, and interim results from two ongoing phase 3 OLE studies

are presented below are presented in Sections B.2.2 to B.2.9.

B.2.2.1.1 CF patients 212 years of age

Table 13 summarises the trial methodology of relevant IVA/TEZ/ELX studies identified
in the pwCF aged 212 years, while

Table 14 outlines the baseline characteristics of subjects enrolled in those trials.

Study 445-102 was a randomised, double-blind, PBO-controlled trial that evaluated
the efficacy and safety of IVA/TEZ/ELX in CF patients with F/MF genotype who are 12
years of age or older. In this study, patients completed a 28-day screening process
prior to a 24-week treatment period. During the double-blind treatment period, patients
were randomly assigned in a 1:1 ratio to receive either IVA/TEZ/ELX or PBO. PBO
was chosen as the most appropriate comparator, as other CFTRms (IVA, LUM/IVA
and TEZ/IVA) are not indicated for F/MF patients. Randomisation was stratified
according to percent predicted forced expiratory volume over one second (ppFEV1) at
screening (<70% versus [vs] 270%), age at screening (<18 years vs 218 years), and
sex (Figure 3) (7).
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Figure 3. Study 445-102 trial design

Treatment Period
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Reference: Middleton et al. (7)

Study 445-103 was a randomised, double-blind, active-controlled trial that evaluated
the efficacy and safety of IVA/TEZ/ELX compared to TEZ/IVA in CF patients with F/F
genotype 212 years of age. After a 4-week run-in period, patients were randomly

assigned by an interactive web response system in a 1:1 ratio to receive either

IVA/TEZ/ELX or TEZ/IVA for 4 weeks (Figure 4) (170). | EEGczNIEINEEE
|
|
I PBO tablets were

used to maintain double blinding. Randomisation was stratified by ppFEV1 (<70% vs
=70%, as determined during the run-in period) and age (<18 vs 218 years at the
screening visit) (170). Although study 445-103 does not inform clinical inputs in the
economic model due to its short, 4-week duration, it is a pivotal trial which supported
the EMA marketing authorisation application. It is also one of the parent studies of
study 445-105, which is the key source of long-term clinical efficacy inputs for the

economic model.

Figure 4. Study 445-103 trial design

Screening TEZ/IVA Run-in TCArm:
Period Period VX-A45TEZ/IVA N =50 Safety Follow-up
TEZ/IVA Arm:
Placebo + TEZIIVA N =50
Day -56 to Day -29 Day -28 to Day -1 4 Weeks 28 days
(Day 1to Week 4)
Day -1 or Day 1 Open-label Study

Randomization

Reference: Heijerman et al. (170)
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Following participation in study 445-102 and study 445-103 trials, study subjects had
the option to enrol in an ongoing 192-week OLE study, study 445-105, to evaluate the
long-term safety and efficacy of IVA/ITEZ/ELX in CF patients with F/F and F/MF
genotypes aged 12 years or older. Each subject who completed the treatment period
visits in one of these studies was deemed eligible for inclusion in study 445-105. All
enrolled patients received treatment with open-label IVA/TEZ/ELX (IVA 150 mg, TEZ
100 mg, ELX 200 mgq) as fixed dose combination tablets in the morning and IVA 150
mg as mono tablet in the evening (187). Results from a week 144 interim analysis (I1A)
of efficacy and pooled safety data, as of March 2022, are described in this dossier.

The study design is shown in Figure 5 (188).

Figure 5. Study 445-105 trial design

Treatment Period S i
. afety
Parent Studies o Follow-u
ELX/TEZ/IVA P
| |
Day 1 Week 192 Week 196

Reference: Vertex, Data on File (188)

Study 445-104 was a randomised, double-blind, active-controlled trial which
evaluated the efficacy and safety of IVA/TEZ/ELX compared to IVA or TEZ/IVA in CF
patients with F/Gating and F/RF genotypes aged =12 years. After a 4-week active run-
in period, patients were randomly assigned in a 1:1 ratio to receive IVA/TEZ/ELX (IVA
150 mg Q12h, TEZ 100 mg QD, ELX, 200 mg QD) or active control (IVA or TEZ/IVA)
for 8 weeks (Figure 6) (168).

During the 4-week open-label run-in period, patients were assigned to treatment
according to their genotype based on the approved indication for CFTRms in each
country where the trial was conducted. Thus, F/Gating patients received IVA (150 mg
Q12h) and F/RF patients received TEZ/IVA (TEZ 100 mg QD; IVA 150 mg Q12h). The
run-in period was included to establish a reliable on-treatment (IVA or TEZ/IVA)

baseline for comparisons during the treatment period (168).
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In the treatment period, patients who received IVA in the run-in period received IVA in
the active control group, while patients in the active control group who received
TEZ/IVA in the run-in period received TEZ/IVA (168).

Figure 6. Study 445-104 trial design

Treatment period*

Run-in period
Screening ivacaftor or Safety

eriod - follow-up’
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Day -56 to Day -29 Day -28 to Day -1 8 weeks or 28 days
v
Randomization Open-label
(1:1 ratio) extension
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*Patients were randomised 1:1 to the IVA/TEZ/ELX group or the active control group (IVA or TEZ/IVA). Randomisation was
stratified based on comparator cohort, ppFEV, as determined during the run-in period and SwCl concentration as determined
during the run-in period. The treatment-emergent period included time from the first dose of study drug in the treatment period to
28 days after the last dose of study drug or completion of study participation, whichever occurred first; T In the run-in period,
patients were assigned to the IVA or TEZ/IVA comparator cohort based on genotype; ¥ In the treatment period, patients in the
active control group who received IVA in the run-in period received IVA; patients in the active control group who received TEZ/IVA
in the run-in period received TEZ/IVA; $ A safety follow-up visit occurred approximately 28 days after the last dose of study drug
for patients who completed study drug dosing and for patients who prematurely discontinued study drug dosing. The safety follow-
up visit was not required for patients who complete the Week 8 visit and enrolled in an open-label study (VX18-445-110) within
28 days after the last dose of study drug.

Reference: Barry et al. (168)

Patients who completed the last treatment period visit in study 445-104 and who met
the eligibility criteria could enrol in an OLE study 445-110 to evaluate long-term safety,
efficacy, and durability of IVA/TEZ/ELX in CF patients with F/Gating and F/RF
genotypes over 96 weeks (Figure 7) (189). All patients received treatment with
IVA/TEZ/ELX in the same dosage as that evaluated in the parent study (IVA 150 mg
Q12h, TEZ 100 mg QD, ELX, 200 mg QD) (190, 191).

Figure 7. Study 445-110 trial design

Parent Study Open-Label Study
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Notes: Participants in certain countries who complete the 96-week Treatment Period have the opportunity to continue receiving
ELX/TEZ/IVA in a follow-up 48-week Treatment Period.
Reference: Chmiel et al. (190)
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Table 13

. Comparative summary of trial methodology for IVA/ITEZ/ELX, 212 years

AURORA F/MF (study VX17-

AURORA F/F (study VX17-445-

AURORA OLE

AURORA F/RF F/G

AURORA F/RF F/G OLE (study

dated the informed consent form
¢ Willing and able to comply
with scheduled visits, treatment
plan and other study procedures
* 12 years of age or older

* CF diagnosis

* F/MF genotype

e ppFEV; 240% and <90% at
screening

» Stable CF disease

¢ Willing to remain on a stable
CF treatment regimen as
defined in the study protocol
Exclusion criteria

¢ History of any iliness or any
clinical condition that might
confound the results or pose
additional risks

¢ Abnormal laboratory values at
screening (haemoglobin, total

dated the informed consent form
¢ Willing and able to comply
with scheduled visits, treatment
plan and other study procedures
* 12 years of age or older

* CF diagnosis

* F/F genotype

e ppFEV;240% and <90% at
screening

¢ Stable CF disease

¢ Willing to remain on a stable
CF treatment regimen as
defined in the study protocol
Exclusion criteria

¢ History of any illness or any
clinical condition that might
confound the results or pose
additional risks

¢ Abnormal laboratory values at
screening (haemoglobin, total

dated the informed consent form
¢ Willing and able to comply
with scheduled visits, treatment
plan and other study procedures
¢ Did not withdraw consent
from a parent study

¢ Completed study drug
treatment in a parent study; or
had study drug interruption(s) in
a parent study but completed
study visits up to the last
scheduled visit of the Treatment
Period in the parent study

¢ Willing to remain on a stable
CF treatment regimen as
defined in the study protocol
Exclusion criteria

» History of any comorbidity
that might confound the results
or pose additional risks

dated the informed consent form
¢ Willing and able to comply
with scheduled visits, treatment
plan and other study procedures
¢ 12 years of age or older

* CF diagnosis

¢ F/RF or F/G genotype

e ppFEV;240% and <90% at
screening

¢ Valid sweat sample at
screening

¢ Stable CF disease

¢ Willing to remain on a stable
CF treatment regimen as
defined in the study protocol
Exclusion criteria

¢ History of any illness or
clinical condition that might
confound the results or pose
additional risks

Sl :gg': gi’ OB A 103, NCT03525548) (170, 195) | (study 445-105 IA4) (187, 188) | (study 445-104) (168, 196) il sl 0 L O
-194) (189-191, 197)
Genotype F/MF FIF F/MF, F/F F/Gating, F/RF F/Gating, F/RF
Trial design Phase 3, multicentre, Phase 3, multicentre, Phase 3, multicentre, open-label | Phase 3, multicentre, Phase 3, multicentre, open-label
randomised, double-blind, PBO- | randomised, double-blind, extension study evaluating the randomised, double-blind, extension study evaluating the
controlled trial evaluating the active-controlled, parallel-group long-term safety and durability of | active-controlled parallel-group long-term safety and efficacy of
efficacy and safety of trial evaluating the efficacy and efficacy of IVA/TEZ/ELX in CF study evaluating the safety and IVA/TEZ/ELX in CF patients with
IVA/TEZ/ELX in CF patients with | safety of IVA/TEZ/ELX in CF patients with F/F or F/MF efficacy of IVA/ITEZ/ELX F/RF or F/Gating genotypes 212
F/MF genotype 212 years of age | patients with F/F genotype 212 genotypes =12 years of age treatment in pwCF 212 years of years of age
years of age age with F/RF or F/Gating
genotypes
Duration * Treatment period: 24 weeks ¢ Run-in period (TEZ/IVA): 4 e Treatment period: 192 weeks* | ¢ Run-in period (IVA or e Treatment period: 96 weeks
» Safety follow-up: 4 weeks weeks » Safety follow-up: 4 weeks TEZ/IVA): 4 weeks » Safety follow-up: 4 weeks
¢ Treatment period: 4 weeks ¢ Treatment period: 8 weeks
* Safety follow-up: 4 weeks * Safety follow-up: 4 weeks
Population pwCF aged =12 years and pwCF aged 212 years pwCF aged =12 years pwCF aged =12 years pwCF aged =12 years
heterozygous for the F508del- homozygous for the F508del- homozygous for the F508del- heterozygous for the F508del heterozygous for the F508del
CFTR mutation and a minimal- CFTR mutation (F/F) CFTR mutation or heterozygous | mutation and a gating or residual | mutation and a gating or residual
function mutation (F/MF) for the F508del-CFTR mutation function mutation (F/Gating, function mutation (F/Gating,
and a minimal function mutation | F/RF) F/RF)
(F/F or F/IFM)
Eligibility Inclusion criteria Inclusion criteria Inclusion criteria Inclusion criteria Inclusion criteria
criteria for * Patient (or authorised « Patient (or authorised ¢ Patient (or authorised « Patient (or authorised ¢ Patient (or authorised
participants representative) signed and representative) signed and representative) signed and representative) signed and representative) signed and

dated the informed consent form
¢ Willing and able to comply
with scheduled visits, treatment
plan and other study procedures
Did not withdraw consent from
parent study

* Completed study drug
treatment in parent study (study
445-104); or had study drug
interruption(s) in parent study
but completed study visits up to
the last scheduled visit of the
Treatment Period in the parent
study

¢ Willing to remain on a stable
CF treatment regimen as
defined in the study protocol
Exclusion criteria

» History of any iliness or
clinical condition that might
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Study

AURORA F/MF (study VX17-
445-102, NCT03525444) (7,
192-194)

AURORA F/F (study VX17-445-
103, NCT03525548) (170, 195)

AURORA OLE
(study 445-105 I1A4) (187, 188)

AURORA F/RF F/G
(study 445-104) (168, 196)

AURORA F/RF F/G OLE (study
VX18-445-110, NCT04058366)
(189-191, 197)

bilirubin, AST, ALT, GGT,
alkaline phosphatase, renal
function)

¢ Acute upper or lower
respiratory infection within 28
days

¢ Lung infection with organisms
associated with more rapid
decline in pulmonary status
within the last 12 months

¢ Acute illness not associated
with CF within 14 days of run-in
period

* Ongoing or prior participation
in a study of an investigational
treatment within 28 days before
screening

* Use of prohibited medications
within specified window before
run-in period

¢ Pregnant or nursing females
» Participant or close relative of
participant is the investigator or
involved in the investigating
team

bilirubin, AST, ALT, GGT, renal
function)

¢ Acute upper or lower
respiratory infection within 28
days

¢ Lung infection with organisms
associated with more rapid
decline in pulmonary status
within the last 12 months

¢ Acute illness not associated
with CF within 14 days of run-in
period

¢ Ongoing or prior participation
in a study of an investigational
treatment other than a Vertex
CFTRm within 28 days before
screening

+ Use of prohibited medications
within specified window before
run-in period

¢ Pregnant or nursing females
« Participant or close relative of
participant is the investigator or
involved in the investigating
team

¢ Pregnant or nursing females
¢ History of drug intolerance in
a parent study that would pose
an additional risk to the subject
in the opinion of the investigator
¢ Current participation in an
investigational drug trial (other
than a parent study)

¢ Abnormal laboratory values at
screening (haemoglobin, total
bilirubin, AST, ALT, GGT, renal
function)

e Acute upper or lower
respiratory infection within 28
days

¢ Lung infection with pathogens
associated with more rapid
decline in pulmonary status
within the last 12 months

¢ Acute illness not related to CF
within 14 days of run-in period

¢ Ongoing or prior participation
in a study of an investigational
treatment other than a Vertex
CFTRm within 28 days before
screening

« Use of prohibited medications
within the specified window
before run-in period

¢ Pregnant or nursing females
« Patient or a close relative of
the patient is the investigator or
involved in the investigation
team

confound the results or pose
additional risks

¢ Pregnant or nursing females
¢ History of drug intolerance in
parent study

¢ Current participation in an
investigational drug trial (other
than the parent study)

Settings and

This trial was conducted at 115

This trial was conducted at 44

This international multicentre

This study was conducted in

This study was conducted in

e |VA/TEZ/ELX (ELX: 200 mg
QD; TEZ: 100 mg QD; IVA: 150
mg Q12h)

Comparators

« PBO

¢ IVA/TEZ/ELX (ELX: 200 mg
QD; TEZ 100 mg QD; IVA 150
mg Q12h)

Comparators

e TEZ/IVA (TEZ 100 mg QD;

IVA 150 mg Q12h)

e |VA/TEZ/ELX (ELX: 200 mg
QD; TEZ: 100 mg QD; IVA: 150
mg Q12h)

Comparators

« N/A

¢ IVA/TEZ/ELX (ELX: 200 mg
QD; TEZ 100 mg QD; IVA 150
mg Q12h)

Comparators

* [VA (IVA 150 mg Q12h)

* TEZ/IVA (TEZ 100 mg QD;

IVA 150 mg Q12h)

locations sites in 13 countries across the sites trial took place in: Australia, several centres across the US, several centres across the US,
where the US, Canada, Europe, and in four countries (Belgium, Austria, Belgium, Canada, Canada, UK, EU and Australia Canada, UK, EU and Australia
data were Australia. Of those sites, 9 were | Netherlands, UK and USA) Czechia, France, Germany,
collected in the UK Greece, Italy, Netherlands,

Sweden, UK and USA
Trial drugs Interventions Interventions Interventions Interventions Interventions

* IVA/TEZ/ELX (ELX: 200 mg
QD; TEZ: 100 mg QD; IVA: 150
mg Q12h)

Comparators

« N/A

Permitted and
disallowed
concomitant
medications

Subjects should remain on a
stable treatment regimen for CF
from 28 days before Day 1
through completion of study

Subjects should remain on a
stable medication regimen for
CF from 28 days before run-
in/Day -28 through completion.

Subjects should remain on a
stable treatment regimen for CF
for at least 28 days before Day 1
through completion of study

Subjects should remain on a
stable medication regimen for
CF from 28 days before Day -28
visit through completion.

Subjects should remain on a
stable medication regimen for
CF from 28 days before Day 1
visit through completion.
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AURORA F/MF (study VX17-

AURORA F/F (study VX17-445-

AURORA OLE

AURORA F/RF FIG

AURORA F/RF F/G OLE (study

g :gg'l gi’ e R AL 103, NCT03525548) (170, 195) | (study 445-105 IA4) (187, 188) | (study 445-104) (168, 196) RN L s T
-194) (189-191, 197)
participation. Subjects were Patients may receive doses of participation. Subjects were Patients may receive doses of Patients may receive doses of
permitted to receive doses of prednisone or prednisolone of permitted to receive doses of prednisone or prednisolone of prednisone or prednisolone of
prednisone or prednisolone of up to 10 mg/day chronically or prednisone or prednisolone of up to 10 mg/day chronically or up to 10 mg/day chronically or
up to 10 mg/day chronically, or 60 mg QD, up to 5 days. up to 10 mg/day chronically, or 60 mg QD, up to 5 days. 60 mg QD, up to 5 days.
up to 60 mg daily for up to 5 Moderate and strong CYP3A up to 60 mg daily for up to 5 OATP1B1 and OATP1B3 OATP1B1 and OATP1B3
days. Moderate and strong inducers, CYP3A inhibitors days. OATP1B1 and OATP1B3 substrates (statins, glyburide, substrates (statins, glyburide,
CYP3A inducers, CYP3A (except ciprofloxacin) and substrates (statins, glyburide, nateglinide, repaglinide) should nateglinide, repaglinide) should
inhibitors (except ciprofloxacin) sensitive OATP1B1 nateglinide, repaglinide) should be used with caution, as well as be used with caution, as well as
and sensitive OATP1B1 substrates were not allowed be used with caution, as well as | digoxin or other substrates of P- | digoxin or other substrates of P-
substrates were not allowed within 14 days before the first digoxin or other substrates of P- | gp with narrow therapeutic gp with narrow therapeutic
within 14 days before the first dose of study drug on Day -28. gp with narrow therapeutic index, such as cyclosporine, index, such as cyclosporine,
dose of study drug on Day 1. Information about bronchodilator | index, such as cyclosporine, everolimus, sirolimus, and everolimus, sirolimus, and
Information about bronchodilator | use during the study will be everolimus, sirolimus, and tacrolimus. Additional monitoring | tacrolimus. Additional monitoring
use during the study was collected and documented. No tacrolimus. Additional monitoring | of the INR is recommended of the INR is recommended
collected and documented. No CFTR modulators of the INR is recommended during coadministration with during coadministration with
CFTR modulators (investigational or approved, during coadministration with warfarin (CYP2C9 substrate). warfarin (CYP2C9 substrate).
(investigational or approved, except for study drugs) were warfarin (CYP2C9 substrate). Other CYP2C9 substrates such Other CYP2C9 substrates such
except for study drugs) were allowed, since these could Other CYP2C9 substrates such as glimepiride and glipizide as glimepiride and glipizide
allowed, since these could confound the results of this as glimepiride and glipizide should be used with caution. should be used with caution.
confound the results of this study should be used with caution. Information about bronchodilator | Information about bronchodilator
study Information about bronchodilator | use during the study will be use during the study will be
use during the study was collected and documented. No collected and documented. No
collected and documented. No CFTR modulators CFTR modulators
CFTR modulators (investigational or approved, (investigational or approved,
(investigational or approved, except for study drugs) were except for study drugs) were
except for study drug in the allowed, since these could allowed, since these could
parent studies and this study) confound the results of this confound the results of this
were allowed, since these could | study study
confound the results of this
study
Brief Primary outcome Primary outcome Primary Outcome Primary outcome Primary Outcome
description of | « ppFEV, e ppFEV, » Safety and tolerability e ppFEV,for IVA/ITEZ/ELX » Safety and tolerability
reported Secondary outcomes Secondary outcomes Secondary outcomes group Secondary outcomes
outcomes * PEx ¢ CFQ-RRD * ppFEV, Secondary outcomes * ppFEV,
specified in * CFQ-R RD score o Safety and tolerability ¢ PEx ¢ ppFEV; for IVA/ITEZ/ELX « BMI
the decision « BMI « BMI group compared to the control ¢ CFQ-R RD score
problem « Safety and tolerability . e CFQ-R RD score group
¢ CFQ-R RD score for
IVA/TEZ/ELX group and
comﬁared to the control group
« Safety and tolerability
assessments
Primary * absolute change in ppFEV * absolute change in ppFEV4 » safety and tolerability as * absolute change in ppFEV4 » safety and tolerability as
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Sty | ety T AURORA I sudy VK174 | AURORA OLE AURORA PR s AT
192_1943 ’ 103, NCT03525548) (170, 195) (study 445-105 1A4) (187, 188) (study 445-104) (168, 196) (189-191, 197)’
outcomes from baseline through at Week 4 | from baseline at Week 4 assessed by number of subjects | from baseline through Week 8 assessed by number of subjects
(Global)/through Week 24 with AEs and SAEs, from for IVA/TEZ/ELX group with AEs and SAEs, from
(Europe)** baseline through safety follow- baseline up to Week 100
up up to 196 weeks
Key ¢ absolute change in ppFEV/ ¢ absolute change in SwCl from | ¢ absolute change in ppFEV/ ¢ absolute change in SwCl from | ¢ absolute change in ppFEV/
secondary from baseline through Week 24 baseline at Week 4 from baseline through last dose baseline through Week 8 for from baseline up to Week 96
outcomes (Global)/at Week 4 (Europe)* ¢ absolute change in CFQ-R of study drug up to 192 weeks IVA/TEZ/ELX group ¢ absolute change in SwCl from
(including ¢ number of PEx through Week | RD score from baseline at Week | ¢ absolute change in SwCl from | ¢ absolute change in ppFEV/ baseline up to Week 96
scoring 24 4 baseline through last dose of from baseline through Week 8 ¢ absolute change in BMI from
methods and | ¢ absolute change in SwCI from | ¢ safety and tolerability study drug up to 192 weeks for IVA/TEZ/ELX group baseline up to Week 96
timings of baseline through Week 24 assessments ¢ number of PEx from baseline compared to control group ¢ absolute change in BMI z-
assessments) | « absolute change in CFQ-R through last dose of study drug ¢ absolute change in SWCI from | score from baseline up to Week
RD score from baseline through up to 192 weeks baseline through Week 8 for 96
Week 24 ¢ time to first PEx from baseline | IVA/TEZ/ELX group compared ¢ absolute change in body
¢ absolute change in BMI from through last dose of study drug to control group weight from baseline up to Week
baseline at Week 24 up to 192 weeks 96
¢ absolute change in SwCl from ¢ absolute change in BMI from » absolute change in CFQ-R
baseline at Week 4 baseline through last dose of RD score from baseline up to
¢ absolute change in the CFQ- study drug up to 192 weeks Week 96
R RD score from baseline at e absolute change in BMI z-
Week 4 score from baseline through last
dose of study drug up to 192
weeks
e absolute change in body
weight from baseline through
last dose of study drug up to 192
weeks
¢ absolute change in CFQ-R
RD score from baseline through
last dose of study drug up to 192
weeks
Other ¢ time to first PEx through N/A ¢ absolute change in CFQ-R ¢ absolute change in CFQ-R
secondary Week 24 RD score from baseline through non-RD scores from baseline up
outcomes » absolute change in BMI z- Week 8 for IVA/TEZ/ELX group to Week 96
score from baseline at Week 24 ¢ absolute change in CFQ-R
(for subjects <20 years of age at RD score from baseline through
baseline) Week 8 for IVA/TEZ/ELX group
¢ absolute change in body compared to control group
weight from baseline at Week 24 « absolute change in BMI from
baseline at Week 8
» safety and tolerability
assessments
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Study

AURORA F/MF (study VX17-
445-102, NCT03525444) (7,
192-194)

AURORA F/F (study VX17-445-
103, NCT03525548) (170, 195)

AURORA OLE
(study 445-105 I1A4) (187, 188)

AURORA F/RF F/G
(study 445-104) (168, 196)

AURORA F/RF F/G OLE (study
VX18-445-110, NCT04058366)
(189-191, 197)

« safety and tolerability
assessments

Trial supports
application for
marketing

authorisation?

Yes

Yes

Yes

Yes

Yes

Trial used in
the economic
model?

Yes

No

Yes

Yes

Yes

Rationale for
use/non-use
in the model

Supported marketing
authorisation in relevant patient
population

Short, 4-week duration

Provides long-term outcomes of
the pivotal trials, study 445-102
and study 445-103, in the
relevant patient population

Supported marketing
authorisation in relevant patient
population

Provides long-term outcomes of
study 445-104, in the relevant
patient population

tezacaftor.

*Intended full duration of the trial; ongoing study.
**The primary endpoint in the global protocol was absolute change from baseline in ppFEV, at Week 4. At the request of European regulators, a Europe-specific protocol amendment was made to
consider in the European protocol the absolute change from baseline in ppFEV 1 through Week 24 as the primary endpoint and the first key secondary endpoint the absolute change from baseline
in ppFEV, at Week 4 (198).
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CF, cystic fibrosis; CFQ-R, cystic fibrosis questionnaire-revised; CFTRm, cystic fibrosis
transmembrane conductance regulator modulator; CYP2C9, cytochrome P450 family 2 subfamily C member 9; ELX, elexacaftor; GGT, gamma-glutamyl transferase; IVA, ivacaftor; INR,
international normalized ratio; N/A, not applicable; OATP1B1, organic anion transporting polypeptides 1B1; OATP1B3, organic anion transporting polypeptides 1B3; P-gp, P-glycoprotein; PEXx,
pulmonary exacerbation; ppFEV+, percent predicted forced expiratory volume over one second; Q12h, once every 12 hours; QD, once daily; RD, respiratory domain; SwCl, sweat chloride; TEZ,
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Table 14. Baseline characteristics of patients in IVA/TEZ/ELX studies, 212 years

AURORA F/MF (study
VX17-445-102,
NCT03525444) (7, 194)

AURORA F/F (study VX17-
445-103, NCT03525548)
(170)

AURORA OLE (study VX17-445-105 IA4, NCT03525574)* (188)

AURORA FIRF F/G (study
VX18-445-104,
NCT04058353) (168)

AURORA F/RF F/G OLE
(study VX18-445-110,
NCT04058366) (190, 191)

Baseline IVAITEZ/ PBO IVAITEZ/ TEZ/IVA An Control IVAITEZ/ Control
characteristic | IVAITEZ/ PBO IVAITEZ/ TEZIVA ELX ; ELX . y IVAITEZ/ (IVA] ELX )
. in study ; in study IVAITEZ/ . in study
ELX (N=203) ELX (N=52) in study 445-102 in study 445-103 ELX ELX or in study 445-104
(N=200) (N=55) 445-102 (N=203) 445-103 (N=52) (N=506) (N=132) [TEZ/IIVA]) | 445-104 (N=121)
(N=196) (N=55) (N=126) (N=130)
Age, mean 25.6 26.8(11.3) | 28.8(11.5) | 27.9(10.8) B | 37.7(147) | 37.6(14.3) | 378 38.0
(SD), years (9.7) (14.6) (14.2)
Sex, n (%) F=96 (48) F=98 (48.3) | F=31(56%) | F=28 (54%) F=67 (50.8) | F=61(48.4) | F=67 (51.5) | F=57 (47.1)
Geographical Europe or Europe or North North North North
region, n (%) Australia Australia America America America America
82 (41) 83 (40.9) 34 (62%) 33 (63%) 49 (37.1) 48 (38.1)
North North Europe Europe Europe Europe
America America 21 (38%) 19 (37%) 70 (53.0) 64 (50.8)
118 (59) 120 (59.1) Australia Australia
13 (9.8) 14 (11.1)
Genotype, n F/MF 200 F/MF 203 FIF 55 FIF 52 F/MF 196 F/MF 203 F/F 55 F/F 52 - F/G 50 F/G 45 FIG 49 F/G 43
(%) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (37.9) (35.7) (37.7) (35.5)
F/RF 82 F/RF 81 F/RF 81 F/RF 78
(62.1) (64.3) (62.3) (64.5)
BMI kg/m?, 2149 3.07) | 2131314) | 2175319) |21884.12) | ' T B B | /07 4.72) | 2405(4.71) | 24.10 (4.69) | 23.91 (4.39)
mean (SD)
PpFEV,, mean | 616 (15.0) | 61.3(155) |616(154) |602(144) |HNIEGN T T Bl Tl 67.1(15.7) | 68.1(16.4) | 67.0(15.8) | 67.7(16.2)
(SD)
Distribution, n
(%)
<40% 18 (9.0) 16 (7.9) 6 (11%) 4 (8%) 2(1.5) 2 (1.6)
40 to <70% 114(57.0) 120(59.1) 31 (56%) 34 (65%) 70 (53.0) 63 (50.0)
70 to <90% 66 (33.0) 62 (30.5) 18 (33%) 14 (27%) 53 (40.2) 52 (41.3)
>90% 2(1.0) 5 (2.5) 0 0 7 (5.3) 9(7.1)
SwCl 102.3(11.9) | 102.9(9.8) | 91.4(11.0) | 90.0(12.3) 59.5(27.0) | 56.4(25.5) | 59.7(27.0) | 57.0(25.4)
concentration,
mean (SD),
mmol/L
CFQ-R RD 68.3(16.9) | 700(178) |706(162 |726(179 |HIIIIIN I B B 76.5(16.6) | 77.3(15.8) | 76.7 (16.6) | 77.2(15.9)
score, mean
(SD)
Prior use of - - 32 (58)8 34 (65)8 - - - - - IVA 37 IVA 39 - -
CFTR (28.0) (31.0)
modulator, n TEZ/IVA 26 TEZ/IVA 20
(%) (19.7)1 (15.9)f
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AURORA F/MF (study AURORA FIF (study VX17- AURORA F/RF F/G (study | AURORA F/RF F/G OLE
VX17-445-102, 445-103, NCT03525548) AURORA OLE (study VX17-445-105 IA4, NCT03525574)* (188) VX18-445-104, (study VX18-445-110,
NCT03525444) (7, 194) (170) NCT04058353) (168) NCT04058366) (190, 191)

Baseline IVAITEZ/ PBO IVAITEZ/ Control IVAITEZ/

o TEZ/IVA Any Control
characteristic | IVAITEZ/ PBO IVAITEZ/ TEZIVA ELX in study ELX in study IVAITEZ/ IVAITEZ/ (IVA] ELX in study
ELX (N=203) ELX ELX or in study

_ in study i
(N=200) (N=55) b=ty 445102 Al 445103 e :Er\:-:(so 6 (N=132) [TEZIVA]) | 445-104 -

(N=196) b L) (N=55) (N=126)

H
H
(%]
=
o
H

—_
4
1l
(3]
N
-
=
-
N
-
=

—_
4
-
w
o

-

—_

Prior use of 162 (81.0) 164 (80.8) 51 (93) 48 (92) 69 (52.3) 66 (52.4)
dornase alfa,

n (%)

Prior use of 110 (55.0) 114 (56.2) 33 (60) 25 (48) 57 (43.2) 57 (45.2)
azithromycin,

n (%)

Prior use of 118 (59.0) 132 (65.0) 35 (64) 28 (54) 49 (37.1) 56 (44.4)
inhaled
antibiotic, n

(%)

Prior use of I e 54 (98) 47 (90)
any
bronchodilator
, N (%)8

113 (85.6) 111 (88.1)

Prior use of 147 (73.5) 127 (62.6) 38 (69) 41 (79) 57 (43.2) 54 (42.9)
inhaled
hypertonic

saline, n (%)8

Prior use of 120 (60.0) 119 (58.6) 36 (65) 28 (54)
inhaled
corticosteroids
N (%)°

ERRRNL
ERRRNL
1110111
ERRRNL
I.I!III
BLENIL

Pseudomonas | 150 (75.0) 142 (70.0) 39 (71%) 31 (60%) 79 (59.8%) 74 (58.7%)
aeruginosa-
positive within
previous 2
years, n (%)

*Parent study baseline was defined as the most recent non-missing measurement before the first dose of study drug in the Treatment Period of the parent study; SIncludes medications administered during 56 days before the
first dose of study drug; ~ not available; T Prior use is defined as anytime within 56 days before the date of first dose in the treatment period, defined as the first dose of IVA/TEZ/ELX, IVA or TEZ/IVA after randomisation. This
does not include IVA or TEZ administered during the run-in period.

Abbreviations: BMI, body mass index; CFQ-R, cystic fibrosis questionnaire-revised; ELX, elexacaftor; IVA, ivacaftor; ppFEV,, percent predicted forced expiratory volume over one second; RD, respiratory domain; SD, standard
deviation; SwCI, sweat chloride; TEZ, tezacaftor.
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B.2.2.1.2 CF patients aged 6 to 11 years
Table 15 summarises the methodology of relevant IVA/TEZ/ELX trials in pwCF who

aged 6 to 11 years, while Table 16 describes the baseline characteristics of patients

enrolled in those trials.

Study 445-106 Part B was a single arm trial that evaluated the safety and tolerability
of IVA/ITEZ/ELX through Week 24 in subjects with CF and F/F or F/MF genotypes
aged 6 to 11 years. Patients weighing <30 kg received IVA 75 mg Q12h, TEZ 50 mg
QD and ELX 100 mg QD; whereas patients 230 kg received IVA 150 mg Q12h, TEZ

100 mg @D and ELX 200 mg QD (174). | IIEIGIGINNGGGEGEGEEEEE

I /i< completion of the Week 24 study visit, patients

who met eligibility criteria could enrol in an OLE study or complete a 28-day safety
follow-up (Figure 8) (174).

Figure 8. Study 445-106 Part B trial design

Part B

Treatment period

Screening period Safety follow-up!

Day -28 to Day -1 24 weeks 28 days

Open-label
extension’

96 weeks

*Study drug was administered from Day 1 through the evening before the Week 24 visit. For patients enrolling in the optional
OLE safety study, the first dose of OLE study drug was administered at the Week 24 visit. TSafety follow-up visit was scheduled
to occur 4 weeks (+7 d) after the last dose. This visit was not required for patients who enrolled in the OLE study within 28 days
of the last dose. *Patients who completed the visits in Part B treatment period, regardless of whether they did so while on a
treatment interruption, were offered the opportunity to enrol in the OLE study.

Reference: Zemanick et al. (174)

The primary objective of study 445-107 is to evaluate the long-term safety and
tolerability of IVA/TEZ/ELX in CF patients with F/F or F/MF genotypes aged 6 years or
older. Following participation in study 445-106 Part B, patients who completed study

drug treatment and who were deemed eligible had the option to enrol in this ongoing
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OLE study which consisted of 2 parts (Part A and B), each with a 96-week treatment
period followed by a 4-week safety follow-up period. Subjects who completed Part A
had the opportunity to participate in Part B (Figure 9) (200, 201). Results for Part A
(96 weeks) are currently available. Patients weighing <30 kg received IVA 75 mg
Q12h, TEZ 50 mg QD and ELX 100 mg QD; whereas patients 230 kg received IVA
150 mg Q12h, TEZ 100 mg QD and ELX 200 mg QD (201, 202). The estimated
completion date for this ongoing study is April 2024 (203).

Figure 9. Study 445-107 trial design

Parent Part A Treatment Period Part A Safety
Study ELXITEZNIVA Follow-up
T
Part A Part A Week 96

Day 1 l

Part B Treatment Period Part B Safety
ELXITEZIVA Follow-up
T
Part B Day 1 Part B Week 96

Notes: The parent study is VX18-445-106 Part B, a phase 3 study investigating IVA/TEZ/ELX in subjects aged 6 to 11 years. The
figure is not drawn to scale.
Reference: Wainwright,et al. (201)

Study 445-116 was a randomised, double-blind, PBO-controlled phase 3b study that
evaluated the efficacy and safety of IVA/TEZ/ELX compared to PBO in CF patients
aged 6 to 11 years with F/MF genotype. The study consisted of a 4-week screening
period, followed by a 24-week treatment period and either a 4-week safety follow-up
period or enrolment in an OLE study (study 445-119). Patients were randomised in a
1:1 ratio to receive treatment with either IVA/TEZ/ELX (IVA 150 mg Q12h, TEZ 100
mg QD and ELX 200 mg QD for patients 230 kg or IVA 75 mg Q12h, TEZ 50 mg QD
and ELX 100 mg QD for patients <30 kg) or PBO, over a 24-week period (Figure 10)
(204).
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Figure 10. Study 445-116 trial design

Treatment Period

ELX/TEZNVAP
Screening Safety
Period Follow-up®
Placebo
> 24 Weeks >
Day -28 to Day -1 l J{ 28 days
Randomization® (1:1) QOpen-label Extension

Study (445-119)

2 Randomisation was stratified by LCl, 5 at screening (<10 vs 210) and weight at screening (<30 kg vs 230 kg); ® Dosing regimen
based on weight at screening visit. ¢ For children who did not enrol in an optional OLE (study 445-119), a safety follow-up visit

was specified to occur 28 days (+7 days) after the last dose of study drug in the treatment period.
Reference: Mall et al. (204)
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Table 15. Comparative summary of trial methodology for IVAITEZ/ELX, 6-11 years

AURORA 6-11 (study VX18-445-106 Part B,

AURORA 6-11 OLE (study VX19-445-107 Part A, NCT04183790)

GALILEO (study VX19-445-116, NCT04353817)

e 6to 11 years of age

¢ Body weight 215 kg

Confirmed CF diagnosis

F/F or F/MF genotype

ppFEV1 240% at screening

Stable CF disease

Willing to remain on a stable CF treatment regimen
(other than CFTR modulators)

¢ Able to swallow tablets

+ Negative serum pregnancy test at screening (female
patients)

¢ Meet contraception requirements (sexually active
patients of childbearing potential)

¢ Able to understand protocol requirements and
restrictions

Exclusion criteria

¢ History of any illness or any clinical condition that may
confound study results or pose additional risks

¢ Abnormal laboratory values at screening (haemoglobin,
total bilirubin, AST, ALT, GGT, alkaline phosphatase, renal
function)

* Respiratory infection, pulmonary exacerbation, or
changes in therapy for pulmonary disease within 28 days
before the first dose of study drug

¢ Lung infection with organisms associated with a more
rapid decline in pulmonary status

¢ Acute illness not related to CF within 14 days before the
first dose of study drug

¢ Ongoing or prior participation in a study of an

¢ Willing and able to comply with scheduled visits, treatment plan and
other study procedures

¢ Did not withdraw consent from a parent study

¢ Completed study drug treatment in parent study (study 445-106 Part
B), or had study drug interruption(s) in parent study but completed study
visits up to the last scheduled visit of the Treatment Period in the parent
study

¢ Willing to remain on a stable CF treatment regimen

Exclusion criteria

* History of any comorbidity that might confound the results or pose
additional risks

¢ Pregnant or breast-feeding females

» History of study drug intolerance in parent study that would pose an
additional risk to the subject in the opinion of the investigator

¢ Current participation in an investigational drug trial (other than the
parent study)

S NCT03691779) (174, 200, 205) (173, 201-203, 206) (204, 207, 208)

Genotype F/MF, FIF F/MF, FIF F/IMF

Trial design Phase 3, two-part, multicentre, open-label trial evaluating Phase 3, open-label extension study evaluating the long-term safety Phase 3b, randomised, multicentre, double-blind,
the PK, safety, tolerability, efficacy, and pharmacodynamic and efficacy of IVA/TEZ/ELX in subjects with CF who are 2 6 years of PBO-controlled, parallel-group study evaluating the
effect of IVA/TEZ/ELX in CF patients aged 6 to 11 years age efficacy and safety of IVA/TEZ/ELX in CF patients
with F/F and F/MF genotypes. aged 6 to 11 years with F/MF genotype
Part B evaluated safety and tolerability (primary objective),
efficacy and PK over a 24-week treatment period

Duration ¢ Treatment period: 24 weeks ¢ Treatment period: 192 weeks* e Treatment period: 24 weeks
* Safety follow-up: 4 weeks * Safety follow-up: 4 weeks (Part A) + 4 weeks (Part B) + Safety follow-up: 4 weeks

Population pwCF aged 6 to 11 years and either F/MF or F/F genotypes | pwCF aged 26 years with F/MF or F/F genotypes pwCF aged 6 to 11 years with CF and F/MF

genotype

Eligibility Inclusion criteria Inclusion criteria Inclusion criteria

criteria for « Patient (or authorised representative) signed and dated ¢ Patient (or authorised representative) signed and dated the informed | ¢ Patient’s authorised representative signed and

participants the informed consent form consent form dated the informed consent form

¢ Willing and able to comply with scheduled visits,
treatment plan and other study procedures

* 6to 11 years of age

e Body weight 215 kg

* Confirmed CF diagnosis

¢ F/MF genotype

¢ ppFEV:270% at screening

e LClpy527.5

» Stable CF disease

» Willing to remain on a stable CF treatment
regimen (other than CFTR modulators)

¢ Able to swallow tablets

* Able to understand protocol requirements and
restrictions

Exclusion criteria

» History of any iliness or any clinical condition
that may confound study results or pose additional
risks

e Abnormal laboratory values at screening
(haemoglobin, total bilirubin, AST, ALT, GGT, renal
function)

* Respiratory infection, pulmonary exacerbation,
or changes in therapy for pulmonary disease within
28 days before the first dose of study drug

¢ Lung infection with organisms associated with a
more rapid decline in pulmonary status

+ Acute illness not related to CF within 14 days
before the first dose of study drug

» Ongoing or prior participation in a study of an
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Study

AURORA 6-11 (study VX18-445-106 Part B,
NCT03691779) (174, 200, 205)

AURORA 6-11 OLE (study VX19-445-107 Part A, NCT04183790)
(173, 201-203, 206)

GALILEO (study VX19-445-116, NCT04353817)
(204, 207, 208)

investigational treatment within 28 days before screening
¢ Use of restricted medications as defined in the study
protocol

e Patient or close relative is the investigator or involved in
the investigating team

investigational treatment within 28 days before
screening

¢ Use of restricted medications as defined in the
study protocol

¢ Pregnant and breast-feeding females

» Participant or close relative of participant is the
investigator or involved in the investigating team

Settings and

This multicentre trial was conducted at 21 sites across the

This multicentre trial was conducted at 21 sites across the US,

This multicentre trial was conducted at 34 sites in

locations US, Australia, Canada, Ireland and UK Australia, Canada, Ireland and UK Australia, Canada, Denmark, France, Germany,
where the Israel, Netherlands, Spain, Switzerland, and the
data were United Kingdom

collected

Trial drugs Interventions Interventions Interventions

e [VA/TEZ/ELX (ELX: 100 mg QD; TEZ: 50 mg QD; IVA:
75 mg Q12h [patients weighing <30 kg]; ELX: 200 mg QD;
TEZ: 100 mg QD; IVA: 150 mg Q12h [patients weighing
230 kg])

Comparators

¢ N/A

e |IVA/TEZ/ELX (ELX: 100 mg QD; TEZ: 50 mg QD; IVA: 75 mg Q12h
[patients weighing <30 kg]; ELX: 200 mg QD; TEZ: 100 mg QD; IVA:
150 mg Q12h [patients weighing 230 kg])

Comparators

« N/A

e |IVA/TEZ/ELX (ELX: 100 mg QD; TEZ: 50 mg
QD; IVA: 75 mg Q12h [patients weighing <30 kg];
ELX: 200 mg QD; TEZ: 100 mg QD; IVA: 150 mg
Q12h [patients weighing 230 kg])

Comparators

» PBO

Permitted and

Subjects should remain on a stable treatment regimen for

Subjects should remain on a stable treatment regimen for CF from for at

Subjects should remain on a stable treatment

disallowed CF from 28 days before Day 1 through completion of study least 28 days before Part A Day 1 through completion of study regimen for CF from 28 days before Day 1 through
concomitant participation. Subjects could receive doses of participation. Subjects could receive doses of prednisone/prednisolone completion of study participation. Subjects could
medications prednisone/prednisolone of up to 10 mg/day chronically, or of up to 10 mg/day chronically, or up to 60 mg daily for up to 5 days. receive doses of prednisone/prednisolone of up to
up to 60 mg daily for up to 5 days. OATP1B1 and OATP1B1 and OATP1B3 substrates (statins, glyburide, nateglinide, 10 mg/day chronically, or up to 60 mg daily for up
OATP1B3 substrates (statins, glyburide, nateglinide, repaglinide) should be used with caution, as well as digoxin or other to 5 days. OATP1B1 and OATP1B3 substrates
repaglinide) should be used with caution, as well as digoxin | substrates of P-gp with narrow therapeutic index, such as cyclosporine, | (statins, glyburide, nateglinide, repaglinide) should
or other substrates of P-gp with narrow therapeutic index, everolimus, sirolimus, and tacrolimus. Additional monitoring of the INR be used with caution, as well as digoxin or other
such as cyclosporine, everolimus, sirolimus, and tacrolimus. | is recommended during coadministration with warfarin (CYP2C9 substrates of P-gp with narrow therapeutic index,
Additional monitoring of the INR is recommended during substrate). Other CYP2C9 substrates such as glimepiride and glipizide such as cyclosporine, everolimus, sirolimus, and
coadministration with warfarin (CYP2C9 substrate). Other should be used with caution. Information about bronchodilator use tacrolimus. Additional monitoring of the INR is
CYP2C9 substrates such as glimepiride and glipizide during the study was collected and documented. No CFTR modulators recommended during coadministration with
should be used with caution. Information about (investigational or approved, except for study drugs) were allowed, warfarin (CYP2C9 substrate). Other CYP2C9
bronchodilator use during the study was collected and since these could confound the results of this study substrates such as glimepiride and glipizide should
documented. No CFTR modulators (investigational or be used with caution. Information about
approved, except for study drugs) were allowed, since bronchodilator use during the study was collected
these could confound the results of this study and documented. No CFTR modulators
(investigational or approved, except for study
drugs) were allowed, since these could confound
the results of this study
Brief Primary outcome Primary Outcome Primary outcome
description of | « Safety and tolerability « Safety and tolerability e LClys
reported Secondary outcomes Secondary outcomes Secondary outcomes
outcomes ¢ ppFEV, e ppFEV, « Safety and tolerability
specified in *« CFQ-R RD score ¢ CFQ-R RD score e ppFEV,
the decision * BMI and BMlI-for-age z-score * BMI and BMI-for-age z-score ¢ CFQ-RRD
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AURORA 6-11 (study VX18-445-106 Part B,

AURORA 6-11 OLE (study VX19-445-107 Part A, NCT04183790)

GALILEO (study VX19-445-116, NCT04353817)

el NCT03691779) (174, 200, 205) (173, 201-203, 206) (204, 207, 208)
problem o PEx e PEx
L4 LC|2,5 Ld LC|2,5
Primary ¢ safety and tolerability through safety follow-up visit up to ¢ safety and tolerability as assessed by AEs and SAEs up to Week 100 | « absolute change in LCl,s from baseline through
outcomes Week 28 Week 24
Key ¢ absolute change in ppFEV, from baseline through Week | ¢ absolute change in ppFEV, from baseline up to Week 96 » safety and tolerability assessments
secondary 24 e absolute change in SwCI from baseline up to Week 96
outcomes ¢ absolute change in CFQ-R RD score from baseline e absolute change in CFQ-R RD score from baseline up to Week 96
(including through Week 24 * absolute change in BMI and BMI-for-age z-score from baseline up to
scoring ¢ absolute change in BMI and BMI-for-age z-score from Week 96
methods and baseline at Week 24 « number of PEx and CF-related hospitalisations up to Week 96
timings of ¢ absolute change in weight and weight-for-age z-score ¢ absolute change in LCl, 5 from baseline up to Week 96
assessments) | from baseline at Week 24 * absolute change in weight and weight-for-age z-score from baseline
¢ absolute change in height and height-for-age z-score up to Week 96
from baseline at Week 24 * absolute change in height and height-for-age z-score from baseline
¢ drug acceptability using Modified Facial Hedonic Scale at | up to Week 96
Week 24
* number of PEx and CF-related hospitalisations through
Week 24
* PK parameters of IVA/TEZ/ELX and relevant metabolites
¢ absolute change in LCl, s from baseline through Week 24
Other — « absolute change in ppFEV, from baseline
secondary through Week 24
outcomes ¢ absolute change in CFQ-R RD score from

baseline through Week 24

Trial supports
application for
marketing

authorisation?

No

No

Trial used in
the economic
model?

Yes

Yes

Yes

Rationale for
use/non-use
in the model

Supported marketing authorisation in relevant patient
population

Provides long-term outcomes from study 445-106 Part B

Provides PBO-adjusted estimates in relevant
patient population

*Intended full duration of the trial — ongoing study; Part A 96 weeks + Part B 96 weeks.
Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CF, cystic fibrosis; CFQ-R, cystic fibrosis questionnaire-revised; CYP2C9, cytochrome
P450 family 2 subfamily C member 9; ECG, electrocard