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G178R CFTR missense gene mutation that results in the replacement of a glycine residue at
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G551S CFTR missense gene mutation that results in the replacement of a glycine residue at
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IWRS interactive web response system

Ki inhibition constant
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1. Background information on the procedure

1.1. Type II variation

Pursuant to Article 16 of Commission Regulation (EC) No 1234/2008, Vertex Pharmaceuticals (U.K.)
Ltd. submitted to the European Medicines Agency on 9 October 2013 an application for a variation
including an extension of indication.

This application concerns the following medicinal product:

Medicinal product: International non-proprietary Presentations:
name:
Kalydeco IVACAFTOR See Annex A

The following variation was requested:

Variation(s) requested Type
C.1.6a Change(s) to therapeutic indication(s) - Addition of a II
new therapeutic indication or modification of an approved
one

Update of sections 4.1, 4.2, 4.4, 4.8, 5.1 and 5.2 of the SmPC to extend the indication of Kalydeco in
the treatment of cystic fibrosis to patients aged 6 years and older who have a gating (class III)
mutation in the CFTR gene other than G551D. Consequential changes to sections 1 and 4 of the PL.

The requested variation proposed amendments to the Summary of Product Characteristics and
Package Leaflet.

Kalydeco was designated as an orphan medicinal product EU/3/08/556 on 08 July 2008. Kalydeco was
designated as an orphan medicinal product in the following indication: treatment of cystic fibrosis.

The new indication, which is the subject of this application, falls within the above mentioned orphan
designation.

Information on paediatric requirements

Pursuant to Article 8 of Regulation (EC) No 1901/2006, the application included an EMA Decision
EMEA-C2-000335-PIP01-08-M07 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the application, the PIP (P/0300/2012) was not yet completed.

The PDCO issued an opinion on compliance for the PIP (P/0300/2012).
Information relating to orphan market exclusivity
Similarity

Pursuant to Article 8 of Regulation (EC) No 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicant did submit a critical report addressing the possible similarity with the
authorised orphan medicinal product Bronchitol (mannitol), EMEA/H/C001252.
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Scientific advice

The applicant received Scientific Advice from the CHMP on 20 October 2011. The Scientific Advice

pertained to quality, non-clinical and clinical aspects of the dossier.
1.2. Steps taken for the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP were:

Rapporteur: Concepcion Prieto Yerro Co-Rapporteur: Melinda Sobor

Submission date:

9 October 2013

Start of procedure:

25 October 2013

Co-Rapporteur’s preliminary assessment report circulated on:

16 December
2013

PRAC Rapporteur assessment report circulated on:

27 December
2013

PRAC Rapporteur updated assessment report circulated on:

30 December
2013

Rapporteur’s preliminary assessment report circulated on:

7 January 2014

PRAC RMP advice and assessment overview adopted by PRAC

9 January 2014

Joint Rapporteur’s updated assessment report circulated on:

20 January 2014

Request for supplementary information and extension of timetable adopted by
the CHMP on:

23 January 2014

MAH's responses submitted to the CHMP on:

21 February 2014

PRAC Rapporteur’s preliminary assessment report circulated on:

26 March 2014

PRAC Rapporteur’s updated assessment report circulated on: 2 April 2014
Joint Rapporteur’s updated assessment report on the MAH’s responses

circulated on: 11 April 2014
PRAC RMP advice and assessment overview adopted by PRAC: 10 April 2014
2nd Request for supplementary information and extension of timetable

adopted by the CHMP on: 25 April 2014
MAH'’s responses submitted to the CHMP on: 23 May 2014
PRAC Rapporteur assessment report circulated on: 2 June 2014

PRAC RMP advice and assessment overview adopted by PRAC:

12 June 2014

Joint Rapporteur’s assessment report on the MAH’s responses circulated on:

13 June 2014

CHMP opinion:

26 June 2014

2. Scientific discussion

2.1. Introduction

Cystic fibrosis (CF) is an autosomal recessive genetic condition with an incidence of approximately

1:3500 in most European and North American countries and 1:5000 to 1:20,000 in Latin America, the
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Middle East, and South Africa. Progressive obstructive lung disease causes over 90% of deaths in
patients with CF. Mutations in the gene coding for the CF Transmembrane Conductance Regulator
(CFTR) result in an absent or dysfunctional protein at the surface of certain epithelia. Although CF
affects multiple organs, the leading cause of mortality is the progressive loss of lung function.

CFTR is a 1480-amino acid ATP-binding cassette transporter protein that contains two membrane-
spanning domains (MSD1 and MSD2) that form the chloride channel pore, two nucleotide-binding
domains (NBD1 and NBD2) that bind and hydrolyse ATP to open and close the channel pore (channel
gating), and a regulatory domain with several protein kinase A phosphorylation sites. Formation of the
CFTR channel requires the coordinated folding and assembly of the individual membrane and
cytoplasmic domains. Each MSD is composed of six transmembrane segments (TM1-6 and TM7-12)
that are associated with long a-helical cytosolic extensions known as coupling helices, which are
connected by intracellular loops (ICLs). Contact formation between the ICLs and NBDs is critical for the
proper assembly and Cl— channel function of CFTR.

CFTR normally transports chloride to regulate salt, fluid, and pH balance in multiple organs. In people
with CF, the loss of chloride transport due to defects in the CFTR protein results in the accumulation of
thick, sticky mucus in the bronchi of the lungs, loss of exocrine pancreatic function, impaired intestinal
absorption, reproductive dysfunction and elevated sweat chloride concentration?.

More than 1500 CFTR mutations have been identified, but the functional importance is known only for
a small number. Evaluation of the molecular defect in the CFTR protein caused by CFTR mutations has
shown that the loss of chloride transport can be due to a reduction in the quantity and/or function of
CFTR channels at the cell surface. Gating mutations result in a CFTR protein with a primary defect of
low channel open probability compared to normal CFTR. Gating refers to the amount of time in which
the CFTR channel is open and can transport chloride. Ten CFTR mutations that lead to a CFTR gating
functional defect have been identified: G551D, G178R, G551S, S549N, S549R, G970R, G1244E,
S1251N, S1255P, and G1349D3.

Gating mutations are present in about 5% of the CF patient population worldwide and in the EU.
Approximately 4% of patients have the G551D mutation (approximately 1083 patients in the EU and
2374 worldwide), and the remaining 1% has other gating mutations (205 subjects in the EU and 370
worldwide; see table below).

2 Van Goor F, Yu H, Burton B, Hoffman BJ. Effect of ivacaftor on CFTR forms with missense mutations associated with
defects in protein processing or function. J Cyst Fibros. 2014;13(1):29-36.

3Yu H, Burton B, Huang C-J, Worley ], Cao D, Johnson J Jr, et al. Ivacaftor potentiation of multiple CFTR channels with
gating mutations. J Cyst Fibros. 2012;11:237-45.
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Table 1. Prevalence of the G551D-CFTR and Other CFTR Gating Mutations in Patients with Cystic

Fibrosis
Total Number of Number of Patients Number of Patients With
Geographic Region Patients With CF With G551D Mutation Other Ganng Mutations”
Ewropean Commmmunty
Austria” 1392 17 2
Belzium 10657 4% 33904
Bulgaria 1707 a 3%
Cypras 25 n'a n'a
Czech Republic Z70°7 47+ a
Denmark 471 2 0
Estonia 40 na n'a
Finland 64 n'a n'a
France &000* 120% GO
Germany F300¢ 1594 1457
Greace 555° 4% 0
Hungary 4107 0 a
Treland 1300% 180" 0
Ttaly 4356 ™ 487
Latvia 0% na n'a
Lithuania 47% n'a n'a
Luxembourg 40% n'a n'a
Malta 3% n'a n'a
Hetherlands 1140% 2% 3
Poland 1150" 1+ 0
Portugal 2857 0 1%
Fomania 238’ 0 0
Slovakia 3407 a a
Slovenia 665 n'a n'a
Spain 22007 16% 3%
Swedan 575° 0 0
United Kingdom 828477 Fl4te 20
MNarth America
United States’ 24019 1032 140°
Canada® 4200 1265 25nsl
Australia® 2986 133 n'a
TOTAL 67742 2374 370
Percentage of fotal not applicable 3.5% 0.55%

Cl" cystic ibrosis; CFTR: cystic fibrosis transmembrane conductance regulator gene; n'a: not available.

Other CFTER gating mutations meluda G17EE, S5491], 5549F, G5515, GOTOR, G1244E, 51251, 51255F,
and G1349D.

Total prevalent CF cases i Austia: Vertex datz on file.

Total prevalent CF cases in Denmark = Diagnosed cases™ / Diagnosis rate of 0.95

Total prevalent CF cases m Germany = Diagnosed ca:’es“ Dhagnosis rate of (.95

Totzl prevalent CF cases in Italy = Diagnosed cases™ / Estimated diagnosis rate of E S0
Eefarences used to add a nominal figure for other gating mutation 1 Italv: 'C.S'_\lS * GOTOR.
Total prevalent CF cases in the Metherlands = Diagnosed cases™ / Diagnosis rate”

Totzl prevalent CF casss in Poland = Diagnosed cases™ / Estimated dizgnosis rate of 0.95
Other gating ritations for the TS were derived from CF Foundation Patient Fegishy Data for 2010,
Total prevalent CF cases in Canada = Diagnosed cases™ / DHagnosis rate™

Feferences used to add a nominal fizure for other gating mutation in Canada: G178 GOTOR. =
R3320, 59451 %

-8 B oRoT

56

=

The G551D mutation is the most common gating mutation worldwide. While reports of individual cases
and small cohorts of patients show variable phenotypes in patients carrying the G551D mutation the 3
largest genotype-phenotype association studies that evaluate patients from different geographical
regions have classified the G551D mutation as being associated with a severe phenotype with rates of
lung disease progression and mortality that are similar to other severe phenotypes. There are few
published reports on the clinical features of patients with other non-G551D gating mutations; however
an analysis of the US CF Foundation Patient Registry data revealed that the rates of lung disease
progression in patients with these mutations are similar to that of patients with the G551D mutation.

Ivacaftor, also referred to as VX-770, is an orally bioavailable small molecule that claims to provide a
new therapeutic approach to the treatment of CF by targeting the pathophysiology of cystic fibrosis -
the dysfunctional CFTR protein. Ivacaftor represents a proposed new class of drugs, CFTR modulators,
which restore the function of the CFTR protein. Ivacaftor is a type of CFTR modulator known as a CFTR
potentiator. Ivacaftor acts on the CFTR protein to increase the channel open probability (or gating) to
enhance chloride transport. Ivacaftor was found to be highly selective for CFTR in vitro, as determined
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by its lack of ability to interact with, or modulate the activities of, a broad panel of receptors and
enzymes. In vitro, ivacaftor increased the channel activity of G551D-CFTR protein expressed in
recombinant cell and primary human bronchial epithelial cell cultures. In vitro results showed that
ivacaftor increased chloride transport also in other CFTR gating mutations.

Ivacaftor is the first CFTR modulator to show an improvement in CFTR function and clinical benefit in
subjects with CF who have a gating mutation in the CFTR gene. Kalydeco was authorised in the EU on
23 July 2012 for the treatment of cystic fibrosis (CF) in patients age 6 years and older who have a
G551D mutation in the CFTR gene. The initially proposed extension to the indication is for the
treatment of CF in patients age 6 years and older who have a G551D or other gating (or Class III, also
referred as non-G551D gating mutation) in the CFTR gene.

2.2. Non-clinical aspects

The Applicant submitted results of an in vitro study (study CBDM304464 “Evaluation of the Substrate
and Inhibitor Potential of VX-770, VRT-842917, and VRT-837018 of Organic Anion Transporting
Polypeptide 1B1 and 1B3") that is described in the clinical section as it may have clinical relevance. No
other new non-clinical data have been submitted in this application, which was considered acceptable
by the CHMP.

2.2.1. Ecotoxicity/environmental risk assessment

The MAH stated that the environmental assessment of ivacaftor submitted in the initial MAA is still
applicable to the current submission, since the patient population considered in calculations of the
initial assessment included all CF patients in the EU aged 6 years and over, so individuals with Gating
mutations, which are included in the claimed indication, represent a small sub-set of the all CF
patients. Therefore, the PECsw value for ivacaftor of 0.009 ug/L as derived from the initial assessment
remains a conservative estimate, even if the extension of the indication is granted.

2.2.2. Discussion on non-clinical aspects

The study to investigate the substrate and inhibitor potential of ivacaftor and its metabolites M1 and
M6 for OATP1B1 and OATP1B3 transporters in HEK cells is evaluated in the clinical part of this
assessment report. Absence of other new non-clinical studies is accepted in the light of non-clinical
data provided in the initial application and post-authorisation.

Regarding the environmental assessment of ivacaftor, the MAH pointed that the environmental
assessment of ivacaftor submitted in the initial MAA is still applicable to the current submission, since
the patient population considered in calculations of the initial assessment included all CF patients in the
EU aged 6 years and over, so individuals with Gating mutations, which are included in the claimed
indication, represent a small sub-set of the all CF patients. This justification for the lack of an update
ERA assessment is adequate. Therefore, the PECsw value for ivacaftor is 0.009 ug/L as derived from
the initial assessment.

2.2.3. Conclusion on the non-clinical aspects

Please refer to clinical section for discussion on in vitro study CBDM304464. Absence of any other new
non-clinical data is considered acceptable by the CHMP.

Considering the available data, ivacaftor is not expected to pose a risk to the environment.
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2.3. Clinical aspects

2.3.1. Introduction

The pivotal study for the proposed extension to the indication of Kalydeco is study VX12-770-111
(study 111), a phase 3, two-part, randomized, double-blind, placebo-controlled, crossover study with
an open-label period to evaluate the efficacy and safety of ivacaftor in subjects with cystic fibrosis who
have a non-G551D-CFTR gating mutation. Only the results of the crossover part of the study (Part 1)
are discussed in this report.

GCP

The Clinical trials were performed in accordance with GCP as claimed by the applicant.

The applicant has provided a statement to the effect that clinical trials conducted outside the
community were carried out in accordance with the ethical standards of Directive 2001/20/EC.

2.3.2. Pharmacokinetics

No new pharmacokinetic data are discussed in the documentation provided in support of this extension
of the indication with the exception of a population PK/PD model based on the prior model for ivacaftor
and incorporating data from Part 1 of study 111 (Report J106). In addition, an update on the analytical
methods is presented as well as a final report (dated September 17, 2013) of an in vitro study entitled
“Evaluation of the Substrate and Inhibitor Potential of VX-770, VRT-842917, and VRT-837018 of
Organic Anion Transporting Polypeptide 1B1 and 1B3"” that is addressed in this section of the report.

Analytical methods

The Applicant has submitted the final bioanalytical study report J094 in which the calibration curve and
quality control data met the pre-specified acceptance criteria for all batches of samples analysed.

An analytical method was developed and validated for the determination of ivacaftor, M1, and, M6 in
K3EDTA or K2EDTA human plasma using d4-VX-770, d4-VRT-837018 (d4-M1) or d4-VRT-842917 (d4-
M6) for ivacaftor, M1 and M6 ISTDs, respectively. The method was validated over the range of 2.00 to
2000 ng/mL (slightly lower for M1 after adjustment) for all analytes using LC-MS/MS. This method is
described in Standard Analytical Method VX-770-008 and was validated in study VX-770-DMPK-VAL-
033 (report number E053) and in several addenda.

The performance of this assay was carried out in line with international bioanalytical guidelines (Food
and Drug Administration Bioanalytical Method Validation, 2001). The pre-study validations of the
analytical methods are satisfactory. In-study validation was conducted for the individual studies, and
validation data are submitted and included in the respective bioanalytical study summaries. The
calibration curve and quality control data met the pre-specified acceptance criteria for all batches of
samples analysed and are described in the bioanalytical report in Report 1J094. The QCs used are
representative of the calibration range. Dilution samples were not necessary. No Incurred sample
reanalysis (ISR) was performed as the ISR was performed in previous studies. For all analytes, the
maximum storage period between collection and analysis was no longer that the current validated
storage period at -80 °C. All samples were analysed within the demonstrated long-term stability
period. Chromatograms of calibrators, QCs, and subject samples (and corresponding sample
sequences) from at least 20% of the subject samples analysed were included.
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The MAH stated that in study 111 there were approximately 50% lower M1 metabolite exposure
compared to studies in the original MAA submission. The apparent difference in M1 exposure has been
attributed to the implementation of a new M1 reference standard lot. The purity of an older M1
reference standard used for analysis of samples in the original submission (Lot H04966-106) has been
found to be significantly lower than originally measured, resulting in an overestimation of M1
concentrations in the studies supporting the original submission. How to deal with this issue is
currently being discussed and is not in the scope of the current procedure as the lower purity of the old
reference standard lot does not affect study 111. In this study, the lot REF-10-011 (P10525-015) has
been used and the residue of ignition (ROI) has been taken into account for purity calculation. No
correction due to the purity correct assay value is needed.

Interaction with Organic Anion Transporting Polypeptide 1B1 and 1B3

Considering that hepatic metabolism and elimination in the faeces are the predominant routes of
elimination for ivacaftor and its metabolites, involvement of QATP1B1 and 1B3 uptake transporters
should have been investigated. Within the current submission the MAH submitted the final report
(dated September 17, 2013) of an in vitro study entitled “Evaluation of the Substrate and Inhibitor
Potential of VX-770, VRT-842917, and VRT-837018 of Organic Anion Transporting Polypeptide 1B1 and
1B3”, that is discussed in this section as even though it is an in vitro study it addresses potential
interactions that may have clinical relevance.

The uptake transporter substrate and inhibition potential of ivacaftor (VX-770), VRT-837018 (M1), and
VRT-842917 (M6) was evaluated in a cellular uptake assay. HEK cells transfected with human
OATP1B1 and OATP1B3 were run in parallel with vector control (non-transfected) cells according to the
Guideline on drug interactions. The ICso values for OATP1B1 and OATP1B3 inhibition by M1 were 12.1
MM and 39.8 pM and for M6 were 23.9 uyM and 86.5 pM, respectively.

It was concluded that ivacaftor and its metabolite M1 are not substrates of OATP1B1 or OATP1B3,
whereas the metabolite M6 is a substrate for both OATP1B1 and OATP1B3. In addition, ivacaftor is not
an inhibitor of OATP1B1 or OATP1B3 since the inhibition did not exceed 50%, whereas M1 and M6
showed greater than 50% inhibition towards OATP1B1 and OATP1B3.

The MAH was further requested to discuss the potential clinical relevance of the in vitro results of
ivacaftor, M1 and M6 given that according to the Guideline on Investigations of Drug Interactions
(EMA/CHMP/EWP/125211/2010) potential inhibition of hepatic uptake transporters should be based on
comparison with a 25-fold unbound hepatic inlet concentration. For the unbound Cmax Or Lin, max values
for M1 and M6 were 0.0713 pM and 0.0578 uM, respectively. The multiplication by a factor of 25 will
lead to unbound Cmax Or Iis, max values of 1.78 yM and 1.45 pM. Since the 25-fold unbound hepatic inlet
concentrations for both the M1 and M6 metabolites are much lower than ICsg values, clinically relevant
interactions are not expected between ivacaftor or its metabolites and OATP1B1 and OATP1B3
substrates.

2.3.3. Pharmacodynamics

As for pharmacokinetics, no new pharmacodynamic data has been submitted in support of the
indication extension with the exception of a population pharmacokinetic/pharmacodynamic (PK/PD)
analysis including data from study 111, Part 1. The objectives of this PK/PD analysis are mainly
descriptive. Available pharmacodynamic data (mainly from the initial MAA submission) supporting the
use of ivacaftor in class III gating mutations other than G551D is presented and discussed below.
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Primary pharmacodynamics

Ivacaftor has been shown in cell-based assays to increase CFTR channel gating and enhance chloride
transport. However, the exact mechanism leading ivacaftor to prolong the gating activity of some
mutant CFTR forms has not been completely elucidated. Taking into account that in recently published
papers the mechanism of action of ivacaftor is further investigated the MAH was requested to provide
an update of the mechanism of action of ivacaftor that focuses on CFTR gating mutations. If ivacaftor
was shown to interact with the mechanisms involved in channel gating this would have provided
further reassurance that all gating mutations are indeed suitable for treatment with ivacaftor from a
mechanistic point of view.

The in vitro pharmacological activity of ivacaftor on multiple mutant CFTR forms has been
characterized in electrophysiological and immunoblot studies using recombinant cell lines, such as
Fischer rat thyroid (FRT) cells, or cultured CF HBE cells isolated from donor bronchi obtained from
patients with CF. Each FRT cell line was engineered to express a single human mutant CFTR form. The
use of recombinant cells to profile the activity of ivacaftor against multiple mutant CFTR forms was
necessary as cultured CF human bronchial epithelia (HBE) cells were available only for a limited
number of CFTR mutations. When available, cultured HBE provided a physiologically relevant cell
system to monitor the pharmacological action of ivacaftor, as cultured CF HBE exhibit several defects
in airway epithelial cell function that are believed to contribute to the development of CF lung disease,
including low chloride transport, excessive sodium transport, defective fluid regulation, and decreased
cilia beating.

Experimentally, CFTR-mediated chloride transport was measured in Ussing chamber studies as a
change in the short circuit current (ISC) following addition of a cyclic adenosine monophosphate
(cAMP) agonist, such as forskolin. To directly measure the channel open probability and conductance of
a single CFTR channel at the cell surface, single-channel patch clamp techniques were used. The
quantity of CFTR at the cell surface was assessed in immunoblot studies to measure the steady-state
levels of extensively glycosylated, mature CFTR (170 - 180 kDa band), which is indicative of CFTR exit
from the endoplasmic reticulum, passage through the Golgi complex, and subsequent delivery to the
cell surface.

The selection of the missense CFTR mutations to be tested in the in vitro experiments performed was
based on the presence of 10 or more alleles in the North American and European CF patient population
or on a known molecular defect of interest. In addition to G551D, several other CF-causing CFTR
mutations have been shown to produce a CFTR protein for which the predominant defect is a low
channel open probability compared to normal CFTR. These include, G178R, G551S, G970R, G1244E,
S1255P, and G1349D. Like G551D-CFTR, FRT cells expressing G178R-, G5515-, G970R-, G1244E-,
S1255P-, and G1349D-CFTR had a low (< 10% of normal) level of baseline chloride transport in Ussing
chamber studies. In addition to the previously described CFTR gating mutations, it is stated that the
predominant defect associated with the S549N, S549R, and S1251N CFTR gene mutations is also a low
channel open probability.

According to the MAH, CF-causing CFTR gating mutations as a group shared the following common
functional and clinical characteristics:

e Residual or normal amounts of CFTR at the cell surface;
e Minimal baseline levels of CFTR chloride transport (<10% normal) in vitro;

e Alarge fold (>10-fold) increase over baseline chloride transport in response to ivacaftor in vitro.
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Based on genotype-phenotype studies correlating in vivo CFTR function with the severity of CF, an
increase in CFTR-mediated chloride transport by =10% of normal CFTR chloride transport was used as
an in vitro threshold to distinguish between levels of CFTR function that may be associated with less
severe CF.

The table below shows the in vitro effect of ivacaftor on chloride transport in Fischer rat thyroid (FRT)
cells engineered to express the selected CFTR gating mutations.

Table 2. In vitro effects of ivacaftor on CFTR-gating mutations

CFTER-mediated chlonds tansport ®

Mutation Sweeat CI Bazeline (%o normal) With Ivacaftor (%o noamal)  Fold Increass over
{mmel/L}" Mean SEM Mean SEM baseline ©
CF-Canszing CFTR gating mutations
G351D 108 1.0 0.5 553" 6.3 353
G17EE 103 19 0.5 872" 8.2 30.1
5549M 109 1.8 0.4 os T 55 9.8
S349F 104 a2 2.0 1lo* 4.1 1050.0
G5515 85 a7 0.7 1576 B2 16.2
GY9TOR. 101 1.6 0.6 458" ] 30.5
GI244E a5 03 01 jgoe 12 1287
S1251M 92 i9 0.7 B2t B4 152
81255P 88 0g 0.3 gs" 128 731
G1349D 107 1.7 0.5 793" 41 45.7

* All data shown are the mean = SEM (o= 3 — & replicate expenments); P = 003 vs. forzskelm alone (paired -

tast).

® Wfean sweat chloride levels measured in patients with CF carrying the mutation.

“level of m vitro chlonde fransport with rvacaftor divided by the m vitro baselmea leval.

Source: Beport G203
In vitro, ivacaftor stimulated chloride transport in cells expressing the G551S-CFTR mutant protein
with a fold increase over baseline of 16.2 (the lowest fold change) while in cells expressing the
G1244E-CFTR mutant the highest fold increase was achieved (i.e. 129.7). The difference between the
two extreme values was 8-fold. Similar data with estimated ECsp values have been published®. Please
note that for mutation S549R the fold increase over baseline value quoted in table above is 1050.0

while in the study by Yu et al the value quoted is >20 which represents a more conservative approach.

The MAH was requested to discuss if there exists a possible relationship between the observed
obtained in vivo results (e.g. AFEV1 >5% improvement of baseline, decrease in CL, maximal CL
concentration sweat etc.) and the in vitro restoration of the CTFR/chloride transport toward normal
with ivacaftor. The analysis of the raw data does not show any apparent trend regardless of how the in
vitro data of chloride transport is expressed, i.e. percent of normal or fold change over baseline. Table
below show the data provided by the MAH in response to the above issue.

4Yu H et al. Ivacaftor potentiation of multiple CFTR channels with gating mutations. Journal of Cystic Fibrosis 2012;
11(3):237-45
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Table 3. Relationship between the observed in-vivo results and the in vitro restoration of the
CTFR/chloride transport

Non-G551D Baseline In vitro In vitro fold Mean (SD) Mean (SD)
gating (% chloride change over absolute absolute
mutation (no. normal) transport as baseline in change in change in
of patients) % normal chloride sweat chloride PPFEV1 (week
with ivacaftor transport with (Week 8) 8)
ivacaftor
G178R (n=5) 2.9 87.2 30.1 -52.5 (13.5) 8.4 (7.9)
S549N (n=6) 1.6 95.7 59.8 -74.3 (15.4) 11.3 (9.8)
S549R (n=4)* 0.00 21.0 >20.0 -60.7 (8.8) 5.2 (7.4)
G551S (n=1) 9.7 157.6 16.2 -68.0 3.1
G970R (n=4) 1.0 48.8 30.5 -6.3 (6.6) 2.6 (2.7)
G1244E (n=5) 0.3 38.9 129.7 -55.1 (18.1) 8.4 (8.7)
S1251N (n=8) 3.9 98.2 25.2 -54.4 (23.4) 8.7 (13.0)
S1255P (n=2) 0.8 58.5 73.1 -77.8 (6.0) 3.1 (6.5)
G1349D (n=2) 1.7 79.3 46.7 -80.3 (1.8) 19.7 (23.6)

*n=3 available for the analysis of absolute change in sweat chloride

A linear regression model was also applied to determine whether the absolute or relative change in
either PPFEV1 or sweat chloride could be predicted by the absolute change in (in vitro) chloride
transport after treatment with ivacaftor where the absolute change in chloride transport corresponds to
the absolute difference before and after treatment with ivacaftor (both in % normal). The MAH justify
the use of % normal (rather than the fold change) due to the fact that baseline values are usually only
a few percent of normal for almost all mutations and therefore it was felt that fold change was not the
most reliable and robust measure to express the effect of ivacaftor on chloride transport. This type of
analysis did not show any significant linear correlation between the in vitro chloride transport and
sweat chloride or PPFEV1 in vivo. The MAH states that the possibility that a relationship exists cannot
be disproven by this limited data set. This is agreed, i.e. the lack of statistical significance does not
mean that it does not exist. In addition, only linear relationship has been addressed. The MAH is
encouraged to further explore an understanding of the relationships between in vitro and in vivo data.

Literature® shows that the gating mutations above considered cause protein alterations in the ATP
binding pockets formed by the two NBDs required for normal CFTR channel gating (G551S, G1244E,
S1255P, G1349D S549N, S549R, and S1251N) while the G178R and G970R CFTR mutations alter the
intracellular cytoplasmic loops that are believed to link the ATP-driven conformational changes in the
NBDs to the opening of the CFTR channel pore formed by the membrane spanning domains.

Cystic fibrosis transmembrane conductance regulator (CFTR) mutations may cause CF or be associated
with CFTR-related disorders but they also may have no clinical consequences or have unknown or

5Yu H, Burton B, Huang C-J, Worley ], Cao D, Johnson J Jr, et al. Ivacaftor potentiation of multiple CFTR channels with
gating mutations. J Cyst Fibros. 2012;11:237-45.
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uncertain clinical relevance. All of the non-G551D gating mutations above considered are missense
mutations for which the clinical role is difficult to anticipate®.

A search has been performed in the Clinical and Functional Translation of CFTR (CFTR2) website
(www.CFTR2.0org) on the non-G551D gating mutations characterised in vitro by the MAH as well as on
the mutations identified in the second allele of the CFTR of patients enrolled in study 111. CFTR2 is a
project that assembled clinical data and accompanying CFTR variants from individuals with cystic
fibrosis enrolled in national registries and large clinical centres from 24 countries. By focusing on
variants present in individuals with a diagnosis of cystic fibrosis ascertained by expert clinicians, the
project used a ‘phenotype-driven’ approach to data collection’.

The non-G551D gating mutations that have been characterised by the MAH are all missense mutations
for which the CFTR2 website states that they “would cause CF”, i.e. they can cause CF when combined
with another CF-causing mutation although the level of evidence does not seem to be the same for all
of them, e.g. G551S is associated with borderline normal sweat electrolyte levels while for G178R and
S549N CFTR2 it is stated that “The research published is insufficient to clearly determine whether or
not the mutation is disease-causing”.

It has to be noted that only two of the mutations identified in the second allele of the CFTR in patients
enrolled in study 111 are missense mutations (L1077P and N1303K). They are also said to cause CF
when combined with another CF-causing mutation. The remaining are nonsense (Y913X, G542X,
Q1313X, R1158X), insertion/deletion (F508del, 2183AA->G, 2896insAG) and splice (621+1G->T,
2789+5G->A) mutations that are known to significantly disrupt CFTR protein production and result in
little or no functional CFTR protein in the cell.

The identification of gating mutations as proposed by the MAH relies on in vitro work that may be not
available for all the potential mutations as almost 2,000 variants have been reported in the CFTR
coding and flanking sequences but only the functional importance of a small number is known. The
MAH was initially proposing an indication for all gating mutations but the mutations that have been
characterised in vitro and assessed in study 111 represent only a humber of the possible gating
mutations. Given the variable clinical consequences of missense mutations, the heterogeneity of the
disease and the doubts raised on whether all of the non-G551D mutations above considered are
disease-causing the MAH was requested to further address this issue. The MAH was also encouraged to
develop an approach to keep treatment with ivacaftor only in those patients who really benefit from it,
i.e. to develop a response-guided therapy. In response to CHMP Major Objection the MAH provided an
extensive response and restricted the proposed indication, i.e. it was proposed to list the individual
non-G551D gating mutations that have been studied in study 111.

Regarding whether all the non-G551D gating mutations are cystic fibrosis-causing, two mutations were
in particular questioned, i.e. G178R and S549N.

The analysis of the CFTR2 data shows that there are 48 patients carrying the G178R mutation. Their
average sweat chloride is 103 mmol/L, their PPFEV1 ranges from 28% to 107% (depending on age),
63% are pancreatic insufficient and 66% are colonised by P aeruginosa. Six patients with this CFTR
mutation were enrolled in study 111. Their baseline sweat chloride ranged from 90.5 to 121.5 mmol/L
and their PPFEV1 between 42.9% and 118.7%. The subgroup analysis by non-G551D gating mutation
showed that at week 8 of study 111 the mean (SD) absolute change in PPFEV1 was -2.4 (4.9) and 8.4
(7.9) for the placebo (n=6)- and ivacaftor- (n=5) treated patients, respectively. Similarly, the mean

6 Castellani C et al. Consensus on the use and interpretation of cystic fibrosis mutation analysis in clinical practice. Journal
of Cystic Fibrosis 7 (2008) 179-196.

7 Sosnay PR et al. Defining the disease liability of variants in the cystic fibrosis transmembrane conductance regulator gene.
Nat Genet. 2013 Oct;45(10):1160-7.
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(SD) absolute change from baseline in sweat chloride was -5.42 (8.5) and -52.50 (13.5) mmol/L,
respectively. Overall, it is believed that patients with the G178R-CFTR mutation can benefit from
ivacaftor.

As for S549N, the analysis of the CFTR2 data shows that there are 83 patients carrying this mutation.
Their average sweat chloride is 99 mmol/L, their PPFEV1 ranges from 35% to 117% (depending on
age), 90% are pancreatic insufficient and 52% are colonised by P aeruginosa. Six patients with this
CFTR mutation were enrolled in study 111. Their baseline sweat chloride ranged from 89.0 to 118.0
mmol/L, i.e., in the range of pathological values, although 89 mmol/L corresponds to the upper limit of
residual CFTR function (from 40 to 89 mmol/L), and their PPFEV1 between 77.9% to 102.9%. The
subgroup analysis by non-G551D gating mutation showed that at week 8 the mean (SD) absolute
change in PPFEV1 was -8.9 (9.9) and 11.3 (9.8) for the placebo (n=6)- and ivacaftor (n=6)-treated
patients, respectively. At week 8 the mean (SD) absolute change from baseline in sweat chloride was -
7.6 (10.8) and -74.3 (15.4) mmol/L, respectively. Overall, it is believed that patients with the S459N-
CFTR mutation can benefit from ivacaftor.

In addition, the MAH acknowledged that two of the mutations considered are in the range of residual
CFTR function, i.e. G551S and S1251N.

Regarding G551S-CFTR mutation, there are data from 8 patients carrying this mutation in CFTR2. Their
average sweat chloride is 63 mmol/L, their PPFEV1 ranges from 65% to 91% for patients above 20
years old, 57% are pancreatic insufficient and 43% are colonised by P aeruginosa. The literature
review of CFTR2 includes a reference to a paper describing three delta-F508/G551S compound
heterozygous siblings with a mild CF phenotype, characterized by mild chronic pulmonary disease,
pancreatic sufficiency and increased sweat chloride levels®. Overall, the available data suggest that
patients with this genotype seem to have a mild disease phenotype. Two subjects were enrolled in
study 111 with this mutation but only the results of one of them are available for analysis at week 8 in
the placebo and ivacaftor groups. For both of them the second CFTR mutation was F508del. Their
baseline sweat chloride ranged from 75.5 to 86.5 mmol/L. The mutation seems to be disease-causing
but the evidence of efficacy of ivacaftor is weak in that only two patients were enrolled in study 111
and just one analysed. The only strong proof of activity of ivacaftor is found in the mean absolute
change in sweat chloride of -68 mmol/L in the ivacaftor-treated patient versus -11.50 mmol/L in the
placebo-treated patient. The analysis of the remaining endpoints assessed, i.e. PPFEV1, BMI and CFQ-
R respiratory domain shows very modest improvements except in the CFQ-R respiratory domain.
However, the limitation imposed by the single patient assessed precludes drawing firm conclusions.

As for S1251N, the analysis of CFTR2 shows that there are 69 patients with the same genotype
(S1251N/F508del) as the one of patients enrolled in study 111. Their average sweat chloride is 91
mmol/L, the PPFEV1 for those older than 20 years old ranges from 34% to 91%, 87% are pancreatic
insufficient and 54% are colonised by P aeruginosa. When considering all patients with the S1251N-
CFTR mutation in CFTR2 data are available for 85 patients with an average sweat chloride of 89
mmol/L, a PPFEV1 ranging between 35% to 95%, 83% of them are pancreatic insufficient and 55% are
colonised by P aeruginosa. Eight patients with this non-G551D gating mutation were enrolled in study
111. Their baseline sweat chloride ranged from 79.5 to 97.5 mmo/L (excluding the single patient with
a normal sweat chloride value at baseline). The analysis by non-G551D gating mutation supports the
efficacy of ivacaftor in this mutation. Lung disease in the patient with a normal baseline sweat chloride
of 12 mmol/L can be mainly attributed to concomitant comorbidity, i.e. hyperimmunoglobulin E
syndrome.

8 Orozco et al. Mild cystic fibrosis disease in three Mexican delta-F508/G551S compound heterozygous siblings. Clin Genet.
1995 Feb;47(2):96-8.
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The information currently included in SmPC section 5.1 regarding the mechanism of action is rather
unspecific, therefore an update of this section of the SmPC is proposed. This is supported by the CHMP
but the proposal of the MAH, reflecting the artificial conditions in which the in vitro experiments were
performed, was felt to convey information that was not useful for physicians. As a consequence, this
subsection has been only slightly amended to reflect the current lack of demonstration of relationship
between in vitro and in vivo data.

Antibacterial activity

Ivacaftor has a quionoline ring in its molecule and has been shown to have direct antibacterial activity
against Gram-positive bacteria®. The MAH was requested to discuss whether the effect of ivacaftor may
be mediated by its antibacterial activity.

Ivacaftor has antibacterial activity against gram-positive microorganisms, particularly S aureus which is
one of the main pathogens colonising the lungs of patients with cystic fibrosis, specially the youngest
ones. It is somehow reassuring that no effect has been shown (in vitro) against P aeruginosa.

Data from the GOAL (G551D, observational) study'?, a prospective, multi-centre observational study in
CF subjects with the G551D-CFTR mutation, conducted by the Cystic Fibrosis Foundation in the United
States, showed that patients treated with ivacaftor had reduced P aeruginosa infections. The reduction
in P aeruginosa infection suggests a positive effect from ivacaftor. However, according to the MAH this
effect is judged to be independent of any direct antibacterial activity since ivacaftor was not shown to
impact gram negative bacteria. The data from the GOAL study are reassuring.

Although the MAH does not believe that the effect of ivacaftor is mediated by its (in vitro) antibacterial
activity this cannot be completely excluded with the data provided.

2.3.4. PK/PD modelling

A population pharmacokinetic/pharmacodynamic model has been developed to describe ivacaftor
plasma concentrations and the effects observed on percent predicted forced expiratory volume in one
second (PPFEV1) and on sweat chloride that includes data from different studies in healthy volunteers
and patients with cystic fibrosis and a gating mutation in one allele of the CFTR gene. This model builds
up on the prior model, i.e. data from Part 1 of study 111 have been added to update the model and its
objectives are mainly descriptive in terms of ivacaftor pharmacokinetics and pharmacodynamics.

Ivacaftor PK was described by a 2-compartment model with zero-order delivery to the absorption
compartment and subsequent first-order absorption. Body weight was the most important predictor of
ivacaftor disposition while gender, patient status (CF versus non-CF subject), age, and formulation did
not account for variability in ivacaftor PK in a clinically meaningful manner after accounting for weight.
Ivacaftor CL/F was 39% and 131% of the reference value of 18.8 L/h for the typical 20 kg and 100 kg
subject, respectively, when compared to the reference subject (70 kg).

A pop PK model has been developed for ivacaftor but not for metabolites M1 and M6 since lower M1
concentrations were observed in Study 111 when compared to previous studies. This difference
prompted the MAH to search for the cause of this difference and was attributed to the actual content of
the reference Lot H04966-106 being only 36% of the stated value. This reference standard was used in

9 Leah Reznikov. Antibacterial Properties of the CFTR Potentiator Ivacaftor. Abstract 276, The 27th North American Cystic
Fibrosis Conference, 2013

10 Rowe SM, Heltshe SL, Gonska T, Donaldson S, Borowitz D, Gelfong D, et al. Results of the G551D observational study:
the effect of ivacaftor in G551D patients following FDA approval [abstract]. 27th Annual Meeting of the North American
Cystic Fibrosis Conference, 17-19 October 2013, Salt Lake City, Utah; Abstract 206.
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some of the previous studies and due to this error, M1 concentrations were overestimated. It is unclear
whether only Lot H04966-106 was the only one where actual and nominal contents differed several
fold or other lots are also involved. Currently the misreporting of M1 concentrations is not a major
concern given that the true M1 concentrations are lower than the reported ones. However, the overall
clinical implications of this finding as well as possible changes needed in the Product Information of
Kalydeco should be addressed outside the scope of the current procedure.

M1 has not been incorporated into the population-PK model but the MAH indicate that the population-
PK model will be updated with accurate M1 values from all available studies to allow modelling of the
metabolites to proceed for the ongoing study in subjects with CF who have a gating mutation age 2 to
5 years. Updating the model as proposed is endorsed. Current model-based simulations and
predictions should be viewed with caution. Overall, this issue is considered not to have a major impact
on the current application, but in a separate procedure the MAH is expected to address the
bioanalytical issue of M1 and the changes needed in the SmPC to accurately reflect the available data.

For the covariate model the approach taken has been to predefine covariate-parameter relationships
based on exploratory graphics, scientific interest and mechanistic plausibility of prior knowledge rather
than using a stepwise hypothesis testing. According to the Modelling and Simulation Plan of analysis
the following covariates were pre-defined to be included: sex, weight, age, drug formulation, genotype
(G551D gating mutation vs. non-G551D gating mutations), creatinine clearance and race. Since the
majority of subjects were Caucasian with little representation in other race categories, race was not
finally considered as a descriptor in the covariate model. This is acceptable. However, creatinine
clearance and, most importantly, genotype have not been incorporated into the model. Creatinine
clearance was inadvertently included in the Modelling and Simulation Plan for study 111. Given the
small contribution of renal mechanisms to ivacaftor clearance and the fact that most of the included
participants had creatinine clearance values >80 mL/min it is considered that there is no need to test
creatinine clearance as a covariate. This is acceptable. Genotype was also included as a possible
covariate in the Modelling and Simulation Plan. However, it was not incorporated for evaluation in the
population-PK model. Rather, the individual estimates of ivacaftor CL/F were used to calculate the
mean CL/F in G551DCFTR vs. non- G551D-CFTR gating mutations (19.2 L/hr vs. 15.4 L/hr,
respectively) and to conclude that there does not seem to be differences between both groups. As
already stated, the current model should not be used to support dosing recommendations and model-
based simulations should be viewed with caution.

The pop PK/PD report state that PK parameter values for ivacaftor were similar in CF subjects in study
111 compared to previous studies. There seems to be a lack of consistency when deciding the final
covariates to be kept into the model, i.e. the final model includes some covariates in spite of the fact
that they are expected not to have any impact into the model. Additional inconsistencies already
highlighted at the time of MAA is that being body weight one of the main factors explaining variability
in ivacaftor clearance dosing recommendations for Kalydeco are based on age rather than on body
weight. In the case of children aged 6 years to less than 12 years the updated model again predicts
that systemic exposure in these children is higher than in adults. Therefore, the same measures that
have been adopted in the Risk Management Plan for children with a G551D mutation should be applied
to children with a non-G551D-CFTR gating mutation.

Pharmacokinetic-pharmacodynamic models were constructed to describe the concentration-response
relationships for PPFEV1 and sweat chloride. Instead of using FEV1 (L) as a PD endpoint, the current
model uses PPFEV1. The prior PD model was used as a starting point for the PPFEV1 analysis. The
typical estimates (90% CI) of PD model parameters for the reference covariate effects (male, 18
years) were 73.9 (69.3, 76.9) for Eo, 0.124 (0.104, 0.147) for Emax, and 74.2 ng/mL (37.1, 147) for
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ECsp. The Emax estimate of 0.124 (0.104, 0.147) translates to an absolute increase in PPFEV1 of 9.16%
(7.69%, 10.9%) from the population mean baseline of 73.9%. Age was the most important predictor
for PPFEV1 at baseline, but instead of using age as a continuous variable it has been categorised into
less than 18 years old and equal or older than 18 years old on grounds that PPFEV1 would be different
in children below 18 years of age versus adult patients. The MAH stated that since the decline in
PPFEV1 from 6 to 17 years was followed by a more rapid decline after 18 years of age, and the decline
in the random effect for baseline PPFEV1 changed between 16 and 20 years of age, two separate
relationships including both a continuous and a categorical (<18 years or 218 years) variable were
incorporated into the PK/PD model to describe age effects on baseline PPFEV1. This selection was
considered to be consistent with standard clinical age categorization. However, no mathematical data
have been provided or clinical reasoning discussed to support the decision. The issue can be
considered solved but the model should not be used to support dosing recommendations and model-
based simulations should be viewed with caution. The MAH was asked using the pop-PK/PD model
parameter estimates to predict the PPFEV1 improvements by different age groups such as 6, 8, 10, 12,
14, 16, 18, 20, 30 years and with different baseline PPFEV1 values such as 50%, 60%, 70%, 75%
80%, 85% and 90%. The requested predictions were provided. However, given the lack of robustness
of the model they should be viewed with caution.

The sweat chloride base model was identical to the prior model, consisting of an Enax model with
estimated baseline, and an effect compartment. The typical estimates (90% CI) of PD model
parameters for the reference covariate effects (male, 18 years) were 102 mM (100,103) for Eq, -51.4
mM (-56.2, -46.2) for Emax, 92.9 ng/mL (57.3, 143) for ECso, and 0.0213 h! (0.0157, 0.0266) for Keo.
Females had an 18% increase in sweat chloride Emax when compared to males, translating to an Emax
value of -60.1 (-64.0, -56.5) mM for females.

The pop PK/PD modelling report states that for both PPFEV1 and sweat chloride, model runs were
performed where a separate Emax or ECsp value was estimated for study 111 subjects (non-G551D
gating mutation) and that these estimates were comparable to those obtained from G551D subjects.
The information provided about intermediate models supports the lack of differences regardless of the
underlying type of mutation, i.e. G551D or non-G551D gating mutations; however, it is not conclusive
due to the limited sample size and range of exposure in study 111.

The stated objectives of the present model were not intended to give support to dose selection,
something that certainly seems difficult with the model developed that shows differences in potency of
the drug. In this regard, ECoo (90%CI) values for PPFEV1 and sweat chloride values from the current
analysis are 668 ng/mL (334, 1323) and 836 ng/mL (516,1287), respectively while ECgoo values from
the prior analysis for FEV1 (L) and sweat chloride were 423 ng/mL (45.3, 865) and 900 ng/mL (766,
1008). The ECq value for PPFEV1 is higher in the current analysis relative to that of the prior model for
FEV1. The MAH has explained that such differences may be due to (i) inherent differences in the
endpoints: FEV1 is an absolute measure, with a fixed upper limit dictated by lung size and baseline
lung defect volume, but PPFEV1 has no upper limit and is based on a comparison to a population
average for gender, age, and height; (ii) and difficulties to properly estimate it in the model due to the
limited data in the lower exposure range. This answer further reinforces the limitations of the current
pop PK-PD model.

The MAH has recognised that a precise PK threshold has not been identified as being predictive of
clinical response in patients (e.g. Cmin > ECq0). The MAH proposed to remove information on ECsg and
ECyo from the SmPC. MAH’s proposal to delete the information on pharmacokinetic/ pharmacodynamic
relationship in section 5.2 of the SmPC is agreed.
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Overall, the MAH’s responses in relation to the pop PK-PD model make it clear that a better
characterisation of ivacaftor PK in patients (including rich sampling) is highly desirable and that the
PK/PD model lacks robustness in that:

e M1 concentrations cannot be incorporated into the model for the time being.
e The covariate modelling approach is questionable.

e The ECq values estimated by the model are imprecise and not useful for physicians or for
supporting the dose selection.

e Median Cmin which was previously considered the target PK parameter for efficacy is no longer
considered as such due to differences in drug potency seen when the model was updated with data
from study 111.

No dose-response studies have been performed given the rarity of patients who have non-G551D CFTR
gating mutations. The MAH considers that similar in vitro potency of ivacaftor towards non-G551D
gating mutations relative to G551D and the efficacy and safety results obtained in studies 102 and 103
supported evaluation of 150 mg q12h in study 111. In addition, it is postulated that ivacaftor PK is
similar in healthy subjects and patients with CF, and therefore differences in PK are not anticipated
between patients with other gating mutations relative to patients with the G551D mutation.

In section 5.2 of the SmPC most pharmacokinetic data correspond to healthy volunteers. The MAH was
asked to provide tabular quantitative information of the following PK parameters Cmax, Cmin, AUC, t1/2,
Cl and V calculated by non-compartmental methods in healthy volunteers, and sorted by study (studies
102 and 103 in patients with a G551D mutation versus study 111) and by age group (6 to less than 12
years old, 12 to less than 18 years old and 18 years old and older). The MAH has provided the
requested data (see table below). The PK parameters were calculated by means of non-compartmental
analysis. Since studies 102, 103 and 111 did not include extensive sampling, ti/2 and V could not be
calculated, and Cirougn instead of Cnin is reported. Moreover, Cmax is an approximate value due to the
limited sample points during the absorption phase in the above mentioned studies.

Table 4. Mean (SD) Steady-State Ivacaftor PK Parameters in CF Subjects and Healthy Subjects
following VX_770 150 mg g12h

Population G551D Non-G351D Healthy Subjects

Study 102 103 111 016 011 010
Age group (years) =18 12 to <18 6 to <12 =18 12 to <18 6 to <12 =18

N 16° 62° 26 19° 11 8 20° 24 214
Crame (ng/mL) 1040 (566) 1310 (666) 2030 (1030) 1450 (720) 1370 (741) 2350 (1500) 1095 (267) 087 (335) 1158 (485)
AUCy1 0000 (58500 11700 (66800 17400 (10000) | 11700 (51500 12400 (67900 21900 (141000 | 8586 (2857) 8650 (3300) 0544 (4603)
(ng-h/mL)

Crougn (ng/mL) 582 (472) 775 (363) 1040 (874) 062 (587) 833 (542) 1400 (934) 582(227) 667 (273) 642 (342)
tya (h) NE NE NR NE NR NE 784254 NE 14.7 (3.68)
CL./F (L'h) 283(25.6) 17.6(11.9) 12.4(7.63) 15.6(7.27) 16.4(9.27) 10.3 (8.01) 19.1 (5.62) NE 221211
VoF (L) NE NE NE NE NR NE 205 (59.6) NE 353 (122)

NE: Not Reported

Note: PK sampling in Studies 102 and 103 was conducted at Week 24 and includes predose, 1.5, 3, 4, and 6 hour postdose samples; PK sampling for Study 111 was
conducted at Week 2 or Week 14 and includes predose, 1. 2. 3. 4. and 6-8 hour postdose samples. The predose sample was recycled and used for Cy; for the estimation of
AUC:].L‘_.

"N =17 for Cyus; °N =63 for Cpps: “N = 15 for AUC and CL; *N =19 for AUC, 15, CL/F and Vy; *N=15 for ty and V,

According to the MAH the above PK parameters indicate similar levels of exposure in G551D and non-
G551D adult CF subjects relative to healthy adult subjects. Exposure is also similar in adolescents and
children with a G551D-CFTR mutation relative to those with a non-G551D gating mutation. This is
agreed. However, it should also be pointed out that ivacaftor systemic exposure in children 6 to 12
year old with either a G551D- or non-G551D-CFTR gating mutation is approximately 2-fold higher than
in adults. This makes it desirable that further dosing recommendations (in particular for children below

Kalydeco II-09
EMA/CHMP/360053/2014 Page 20/90



5 years old) are aimed at targeting adult exposures taking into account that Cnin is no longer the
target PK parameter for efficacy.

Based on the results discussed above the information in SmPC section 5.2 has been updated with a
general statement. Detailed quantitative data are to be included when the bioanalytical issue of M1
overestimation in prior studies is resolved.

2.3.5. Discussion on clinical pharmacology
Only limited pharmacokinetic or pharmacodynamic data have been provided with this submission.

Analytical methods used for the measurement of ivacaftor and metabolites M1 and M6 in
plasma

As requested the MAH has submitted the final bioanalytical study report J094 in which the calibration
curve and quality control data met the pre-specified acceptance criteria for all batches of samples
analysed. Lower concentrations of M1 were detected in study 111 as compared to previous studies.
The apparent difference in M1 exposure has been attributed to the implementation of a new M1
reference standard lot. The composition of an older M1 reference standard lot used for analysis of
samples in the original submission has been found to be significantly lower than originally measured,
resulting in an overestimation of M1 concentrations in the studies supporting the original submission.
The overall clinical implications of this finding as well as possible changes needed in the Product
Information of Kalydeco should be addressed outside the scope of the current procedure, but currently
do not warrant an immediate regulatory action. The MAH has confirmed that the PK/PD model will be
updated with data from studies where M1 has been accurately determined. This is endorsed. However,
it has to be noted that whether the ratio ivacaftor:M1 is similar across healthy volunteers and patients
with cystic fibrosis is still questionable. This is expected to be addressed in the planned separate
procedure mentioned above.

Population PK-PD modelling

A population pharmacokinetic/pharmacodynamic model has been developed to describe ivacaftor
plasma concentrations and the effects observed on percent predicted forced expiratory volume in one
second (PPFEV1) and on sweat chloride that includes data from different studies in healthy volunteers
and patients with cystic fibrosis and a gating mutation in one allele of the CFTR gene. This model builds
up on the prior model, i.e. data from Part 1 of study 111 have been added to update the model and its
objectives are mainly descriptive in terms of ivacaftor pharmacokinetics and pharmacodynamics. The
current model lacks robustness and should not be used to support dosing recommendations and
model-based simulations should be viewed with caution. Indeed, the model was not intended to
support dose selection for study 111 and its objectives are descriptive.

Ivacaftor PK parameters calculated by non-compartmental analysis show that the systemic exposure to
ivacaftor is similar in G551D and non-G551D adult CF patients relative to healthy adult subjects.
Exposure is also similar in adolescents and children regardless of whether the CFTR mutation is G551D
or non-G551D gating mutation. However, in patients with G551D- and non-G551D-CFTR gating
mutations, the exposure to ivacaftor is almost 2-fold higher in children 6-12 years old relative to that
seen in adults. This information is reflected in section 5.2 of the SmPC for the time being as a general
statement.
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Interactions with Organic Anion Transporting Polypeptide 1B1 and 1B3

Metabolite M6 has been shown in vitro to be a substrate for the transporters OATP1B1 and OATP1B3.
In addition, metabolites M1 and M6 have been shown in vitro to be inhibitors of both transporters
OATP1B1 and OATP1B3. Conclusions about potential clinical relevant DDIs should be based on
comparison with a 25-fold unbound hepatic inlet concentration according to the Guideline on
Investigations of Drug Interactions (EMA/CHMP/EWP/125211/2010).

The ICso values for OATP1B1 and OATP1B3 inhibition by M1 were 12.1 uM and 39.8 pM and for M6
were 23.9 uyM and 86.5 uM, respectively (use ICsp instead Ki was found acceptable as for competitive
inhibition if Km >> S, the ICso values are expected to be approximately Ki). New calculations for the
unbound Cmayx Or Iin, max resulted in values of 0.0713 pM and 0.0578 uM, respectively. The multiplication
by a factor of 25 leads to unbound Cmax Or Iin, max values of 1.78 uM and 1.45 uM. Since the 25-fold
unbound hepatic inlet concentrations for both the M1 and M6 metabolites are much lower than ICsg
values, clinically relevant interactions are not expected between ivacaftor or its metabolites and
OATP1B1 and OATP1B3 substrates.

In vitro data on the effect of ivacaftor in non-G551D gating mutations

In vitro data on the effect of ivacaftor in non-G551D gating mutations that are the subject of the
present submission initially were not re-discussed by the MAH. The MAH was requested to provide a
comprehensive review of the mechanism of action of ivacaftor in CFTR gating mutations that also
includes a discussion on its antibacterial properties and the role that this property may have in
treatment outcomes in patients. Information in section 5.1 on ivacaftor mechanism of action was
proposed to be updated according to currently available data, but for the reasons discussed above it
has amended only slightly to indicate the lack of demonstration of a relationship between in vitro and
in vivo data.

Regarding the antibacterial properties of ivacaftor it has been shown that in vitro ivacaftor has
antibacterial activity against gram-positive microorganisms, particularly S aureus which is one of the
main pathogens colonising the lungs of patients with cystic fibrosis, specially the youngest ones. It is
somehow reassuring that no effect has been shown (in vitro) against P aeruginosa. The data from the
GOAL study are also reassuring. Although the MAH do not believe that the effect of ivacaftor is
mediated by its (in vitro) antibacterial activity this cannot be completely excluded with the data
provided.

Information obtained from the CFTR2 website suggests that the evidence supporting that all of the
non-G551D gating mutations assessed in study 111 are disease-causing is inconsistent. However,
based on the reanalysis of this information and the subgroup analysis by non-G551D gating mutation it
is concluded that there is no reason to exclude any of the non-G551D gating mutations based on these
arguments. Nevertheless, whether ivacaftor is equally beneficial in all gating mutations has been
questioned based on the in vitro and in vivo results presented. The main consequence is that the
initially proposed unrestricted indication covering all non-G551D gating mutations could not be
accepted, which was reflected in a Major Objection pertaining to clinical efficacy. In response to the
CHMP objection the MAH proposed to restrict the indication to those mutations that have been
investigated in study 111. Whether all the CFTR-mutations studied in this trial can be included in the
indication is addressed in the section on clinical efficacy.
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2.3.6. Conclusions on clinical pharmacology

The current PK/PD model lacks robustness and should not be used to support dosing recommendations
while model-based simulations should be viewed with caution.

Non-compartmental analysis shows that ivacaftor pharmacokinetics is similar in patients with cystic
fibrosis and healthy volunteers and also similar regardless of whether the underlying mutation is a
G551D or a non-G551D gating mutation. However, in patients with G551D- and non-G551D-CFTR
gating mutations, the exposure to ivacaftor is almost 2-fold higher in children 6-12 years old relative to
that seen in adults.

Metabolite M6 has been shown in vitro to be a substrate for the transporters OATP1B1 and OATP1B3.
In addition, metabolites M1 and M6 have been shown in vitro to be inhibitors of both transporters
OATP1B1 and OATP1B3. However, since the 25-fold unbound hepatic inlet concentrations for both the
M1 and M6 metabolites are much lower than ICso values, clinically relevant interactions are not
expected between ivacaftor or its metabolites and OATP1B1 and OATP1B3 substrates.

The clinical implications and possible changes in the Product Information of Kalydeco related to the
finding that M1 concentrations were overestimated in prior studies of ivacaftor need to be addressed
outside the current procedure as in study 111 the analysis for M1 is acceptable.

An in vitro antibacterial activity of ivacaftor against Gram positive microorganisms has been observed,
and contribution of this activity to the mechanism of action cannot be completely excluded based on
the data available.

Doubts were raised regarding whether all of the gating mutations characterised in vitro are cystic
fibrosis-causing. In particular, G178R- and S549N-CFTR mutations have been questioned as being
disease-causing. As for G5515-CFTR mutation the average sweat chloride of patients carrying this
mutation in CFTR2 is 63 mmol/L (a borderline value). However, based on responses provided by the
MAH, it is agreed that all non-G551D mutations assessed in study 111 can be considered as disease-
causing although the available evidence supporting this is variable and stronger for some mutations
than for others. The proposed indication was, however, amended from an unrestricted one to a more
specific one where the individual mutations are listed (please see further discussion in the section on
clinical efficacy).

2.4. Clinical efficacy

2.4.1. Dose response studies

No dose-response studies have been performed given the rarity of patients who have non-G551D-CFTR
gating mutations. The MAH considered that similar in vitro potency of ivacaftor towards non-G551D
gating mutations relative to G551D and the efficacy and safety results obtained in studies 102 and 103
supported evaluation of 150 mg q12h in study 111. In addition, it is argued that ivacaftor PK is similar
in healthy subjects and patients with CF, and therefore differences in PK are not anticipated between
patients with other gating mutations relative to patients with the G551D mutation.

As previously discussed, the systemic exposure to ivacaftor is similar in G551D and non-G551D adult
CF patients relative to healthy adult subjects. Exposure is also similar in adolescents and children
regardless of whether the CFTR mutation is G551D or non-G551D gating mutation. However, in
patients with G551D- and non-G551D-CFTR gating mutations, the exposure to ivacaftor is almost 2-
fold higher in children 6-12 years old relative to that seen in adult patients. This information is included
in section 5.2 of the SmPC.
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2.4.2. Main study
Study 111

The pivotal study for the proposed extension to the indication of Kalydeco is study VX12-770-111
(study 111), a phase 3, two-part, randomized, double-blind, placebo-controlled, crossover study with
an open-label period to evaluate the efficacy and safety of ivacaftor in subjects with cystic fibrosis who
have a non-G551D-CFTR gating mutation. The crossover period was immediately followed by a 16-
week open-label period to provide efficacy and safety results for a total of 24 weeks. This submission is
based on the double-blind crossover period data (Treatment Period 1 through Treatment Period 2)
assessing the primary efficacy endpoint. A schematic of the study design is provided in the figure
below.

Figure 1. Schematic of Phase 3 Study Design of Ivacaftor in Subjects with a Non-G551D Gating
Mutation

Randomization Primary analysis

(1:1 4 to 8 Week
Washout *

Ivacaftor Safety
e 190 mg q12h Follow-up

e Ivacaftor 150 mg q12h

Placebo va or
150 mg q12h
— } ! } }
Day -35 Day1 Week 8 Week 12 Week 20 Week 36
| — . . i
Treatment Period 1 Treatment Period 2 Open-label Period
Part 1:Double-blind, crossover period of study Part 2

ql2h: every 12 hours

Notes: Schematic shown represents the full Study 111. This submission is based on the Part 1, double-blind,
crossover period data (Treatment Period 1 through Treatment Period 2).
Treatment Sequence 1 is 1vacaftor = placebo. Treatment Sequence 2 is placebo = ivacaftor.

Based on the time frame of response in studies 102 and 103 of CF patients with a G551D-CFTR
mutation, the 8-week duration of the placebo-controlled treatment periods was expected to be
sufficient to demonstrate a treatment effect and pattern of response in CF patients with a gating
mutation other than G551D. The 16-week Open-label Period in Part 2 will allow for the assessment of
ivacaftor effect over a 24-week period.

Methods

Study participants

Patients with CF, age 6 years and older, who have a non-G551D-CFTR gating mutation were enrolled
provided that they met all the inclusion criteria and none of the exclusion criteria as follows (only key
criteria shown):

Key inclusion criteria

1. Male or female patients aged 6 years and older with confirmed diagnosis of CF, defined as:
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e a sweat chloride value 260 mmol/L by quantitative pilocarpine iontophoresis OR 2 CF-causing
mutations (all as documented in the subject’s medical record)

AND
e chronic sinopulmonary disease

2. Must have had at least 1 allele of the following CFTR gating mutations: G178R, S549N, S549R,
G551S, G970R, G1244E, S1251N, S1255P, G1349D.

3. FEV1 =40% predicted normal for age, sex, and height (Hankinson or Wang equations at screening.

The Hankinson standard was used for male subjects 18 years and older and female subjects 16

years and older. The Wang standard was used for male subjects aged 6 to 17 years and for female

subjects aged 6 to 15 years.
Key exclusion criteria

1. G551D-CFTR mutation in at least 1 allele

2. An acute upper or lower respiratory infection, pulmonary exacerbation, or changes in therapy

(including antibiotics) for pulmonary disease within 4 weeks before Day 1 (first dose of study drug)

3. Abnormal liver function, at screening, defined as =3 x upper limit of normal (ULN), of any 3 or
more of the following: serum aspartate transaminase (AST), serum alanine transaminase (ALT),
gamma-glutamyl transpeptidase (GGT), serum alkaline phosphatase, and total bilirubin.

4. Abnormal renal function at screening, defined as glomerular filtration rate (GFR) <30 mL/min/1.73

m? (calculated by the MDRD [Modification of Diet in Renal Disease] Study Equation) for subjects
>18 years of age; <45 mL/min/1.73 m? (calculated by the Counahan-Barratt equation) for
subjects age 6 to 17 years (inclusive).

5. History of solid organ or haematological transplantation

6. Colonization with organisms associated with a more rapid decline in pulmonary status (e.g.,
Burkholderia cenocepacia, Burkholderia dolosa, and Mycobacterium abscessus) at screening.

7. Use of inhaled hypertonic saline treatment. (Subjects who had stopped inhaled hypertonic saline

treatment were eligible to participate, but they must have undergone a washout period of 4 weeks

before Day 1 [first dose of study drug])

8. Use of any inhibitors or inducers of cytochrome P450 (CYP) 3A, including consumption of certain
herbal medications (e.g., St. John’s Wort) and grapefruit/grapefruit juice. Subjects must have
stopped consuming these items from 14 days before Day 1 (first dose of study drug).

9. Evidence of cataract or lens opacity at screening.
Treatments

In Part 1, subjects were randomized to receive 150 mg of ivacaftor or placebo every 12 hours (q12h)
during Treatment Periods 1 and 2 (8 weeks each). In Part 2, which was ongoing at the time of
submission, all subjects were to receive 150 mg of ivacaftor every 12 hours for additional 16 weeks.

Study drugs were to be taken with fat-containing food such as a standard “CF” high-fat, high-calorie
meal or snack.
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Objectives

Primary objective of the study was to evaluate the efficacy of ivacaftor in subjects with CF who have a
non-G551D-CFTR gating mutation.

Secondary Objectives were:

e To evaluate the safety of ivacaftor in subjects with CF who have a non-G551D-CFTR gating
mutation

e To evaluate the durability of efficacy of ivacaftor in subjects with CF who have a non-G551D-CFTR
gating mutation.

Tertiary Objectives were to characterize the plasma PK of ivacaftor and metabolites, hydroxymethyl-
ivacaftor (M1) and ivacaftor carboxylate (M6) at steady state in subjects with CF who have a non-
G551D-CFTR gating mutation.

Outcomes/endpoints
Endpoints in Part 1 of the study

Primary Endpoint was absolute change from baseline in percent predicted forced expiratory volume
in 1 second (PPFEV1) through Week 8 in each period of Part 1.

Secondary Endpoints were:
e Change from baseline in BMI at 8 weeks of treatment
e Change from baseline in sweat chloride through 8 weeks of treatment

¢ Change from baseline in the respiratory domain of the Cystic Fibrosis Questionnaire-Revised (CFQ-
R) through 8 weeks of treatment

e Safety, as determined by adverse events, clinical laboratory values (serum chemistry and
haematology, and coagulation), ophthalmologic examinations, electrocardiograms (ECGs), and
vital signs.

Tertiary Endpoints were:

e PK parameter estimates of ivacaftor and metabolites, M1 and M6, derived from plasma
concentration-time data

e Pulmonary exacerbations

e Change from baseline in non-respiratory domains of the CFQ-R through 8 weeks of treatment
e Change from baseline in weight

e Change from baseline in height

e CF-related complications (pancreatitis or DIOS)

e Change from baseline in inflammatory mediators

e Change from baseline in qualitative microbiological cultures.
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Endpoints in Part 2 of the study

Primary Endpoint was absolute change from baseline in percent predicted forced expiratory volume in
1 second (PPFEV1) through 24 weeks of treatment.

Secondary Endpoints were:

e Change from baseline in BMI at 24 weeks of treatment

e Change from baseline in sweat chloride through 24 weeks of treatment

e Change from baseline in the respiratory domain of the CFQ-R through 24 weeks of treatment

e Safety, as determined by adverse events, clinical laboratory values (serum chemistry,
haematology, and coagulation), ophthalmologic examinations, ECGs, and vital signs.

Tertiary Endpoints were:

e PK parameter estimates of ivacaftor and metabolites, M1 and M6, derived from plasma
concentration-time data

e Pulmonary exacerbations

e Change from baseline in non-respiratory domains of the CFQ-R through 24 weeks of treatment
e Change from baseline in weight

e Change from baseline in height

e CF-related complications (pancreatitis or DIOS)

e Change from baseline in inflammatory mediators

¢ Change from baseline in qualitative microbiological cultures.

Sweat chloride values were analysed at a central laboratory. It has been clarified that collection of
sweat followed a standardized procedure and that study 111 site personnel were trained and qualified
on this procedure by approved trainers. Collection of sweat samples were performed using a collection
device, the Macroduct Model 3700 Sweat Collection System. The analytic measurement range for the
sweat chloride assay was 10 to 160 mM/L. If samples fell outside that range, the result was reported
as <10 mM/L or >160 mM/L, as appropriate.

Sample size

A minimum of 20 subjects up to a maximum of approximately 40 subjects were planned. A sample size
of 20 subjects was expected to provide sufficient power for the mean change from baseline in PPFEV1.
Table below presents the estimated study power for detecting different treatment effect sizes between
ivacaftor and placebo in the change in PPFEV1, assuming 20 (minimum possible enrolment) or 40
(maximum possible enrolment) subjects. An SD of 8% and within-subject SD of 5% were assumed in
the calculation. Enrolment of approximately 40 subjects allowed for a larger number of subjects with
each of the non-G551D-CFTR gating mutations to be included.
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Table 5. Power Estimates Under Possible Scenarios of Treatment Effect

Absolute Change in

Percent Predicted FEV; Power of N =20 Power of N =40
3.0% 0437 0.744
3.5% 0.556 0.863
4.0% 0.670 0.937
4.5% 0.770 0.975
5.0% 0851 0.992
5.5% 0910 0.998
6.0% 0.949 =999
6.5% 0974 =999
7.0% 0987 =099
71.5% 0.994 =999
8.0% 0.998 =999
8.5% =999 =999

Notes: Treatment effect = absolute change from baseline in percent predicted FEV1 for ivacaftor minus
absolute change from baseline in percent predicted FEV1 for placebo. Power estimates were based on

patred t-test with o« = 0.05. An SD of 8% and within-subject SD of 5% were assumed in the calculation.

Randomisation

Subjects were randomized 1:1 to receive 1 of 2 Treatment Sequences during the Treatment Periods:

e Treatment Sequence 1: ivacaftor in Treatment Period 1 — washout period — ivacaftor-matched
placebo in Treatment Period 2

e Treatment Sequence 2: ivacaftor-matched placebo in Treatment Period 1 —» washout period —
ivacaftor in Treatment Period 2.

In addition, patients were stratified for age (6 to 11 years, 12 to 17 years, and =18 years) and FEV1
severity (<70%, =70% to <90%, and >90%).

The randomization codes were generated by Vertex or a designated vendor. To protect the study blind
and maintain the scientific integrity of the study data, 3 biostatisticians were involved in the
randomization process: a study biostatistician who was blinded to the actual treatment code, an
unblinded biostatistician not associated with the study, and an unblinded quality check (QC)
biostatistician. The study biostatistician created the randomization specification and dummy
randomization codes, which were reviewed and approved by the unblinded biostatistician. After
approval of the dummy codes, the unblinded biostatistician generated the final randomization list. The
QC unblinded biostatistician reviewed and approved the final randomization list.

Blinding (masking)

This was a double-blind study. The subjects and all site personnel, including the investigator and the
study monitor, were to remain blinded to treatment assignments until database lock. The MAH’s study
team remained blinded to treatment assignments until all subjects completed Part 1 of the study, and
with the exception of the following:

e Any site personnel for whom this information was important to ensure the safety of the subject, in
the event of a life-threatening medical emergency

e Any site personnel for whom this information was important to ensure the safety of the subject and
their foetus in the event of a pregnancy
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e Vertex Global Patient Safety (GPS) and Regulatory Affairs personnel, to satisfy SAE processing
regulations

¢ Unblinded biostatisticians preparing the final (production) randomization list who were not part of
the study team

e IVRS/IWRS vendor

e A single member of Drug Metabolism and Pharmacokinetics (DMPK) Sample Management
e Vertex Clinical Supply Chain

e« DMC

e Vendor preparing the unblinded interim analysis and analyses for the DMC.

Sweat chloride laboratory personnel, and the designees (who were not members of the study team)
reviewing the sweat chloride data on an ongoing basis, were unblinded to the sweat chloride results
but remained blinded to treatment assignment.

A single member of Vertex DMPK Sample Management, independent from the study team, was
unblinded, having access to the IVRS/IWRS, for the purpose of assembling samples intended for
bioanalysis. PK samples collected from placebo-dosed subjects were not analysed in this study. All
other MAH’s DMPK laboratory personnel and MAH’s Quality Compliance Management personnel were
blinded to the treatment assignment. A clinical pharmacologist not involved in the conduct of the study
may have reviewed the bioanalytical results on an ongoing basis but remained blinded to the subjects’
identities (i.e., unique subject number and treatment assignment) in the clinical database.

Subjects and their parent/caregiver should not have been informed of their study-related spirometry
results during the Treatment Periods and the Open-label Period.

Statistical methods

The primary analysis of study 111 was based on data from Part 1.
The following analysis sets were defined:

e The Full Analysis Set (FAS) - all randomized subjects who received at least 1 dose of study
medicine. All analyses of background data and efficacy data were based on the FAS.

e The Per Protocol Set (PPS) - all FAS subjects without major protocol violations (i.e., subjects who
had not been determined to have violated protocol requirements). Major protocol violations were
defined as violations that may have had a substantial impact on efficacy assessment. The criteria
used for excluding subjects from the PPS were determined before the database lock and were
documented. The PPS analyses were only performed for primary and selected secondary endpoints
to provide supportive evidence for efficacy.

e The Complete Case Set (CCS) - all subjects in the FAS who completed both Treatment Periods in
Part 1. The analyses of primary and selected secondary endpoints were based on the CCS, in
addition to the FAS.

e The Safety Set - all subjects who received at least 1 dose of study medicine (i.e., ivacaftor or
placebo).

The primary analysis for the primary efficacy variable (absolute change in PPFEV1) was based on a
mixed effects models for repeated measures (MMRM). The model included the absolute change from
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the baseline in each Treatment Period as the dependent variable, with sequence, treatment, period,
and visit within period as fixed effects, study baseline PPFEV1 and age as covariates, and subject
nested within sequence as the random effect. In the model, visit was treated as a class variable.
Compound symmetry covariance matrix was assumed for the repeated measurements on the same
subject within each period. This model assumed equal variances of the repeated measures and equal
covariances between each pairs of measures within each subject. Denominator degrees of freedom for
the F-test for fixed effects were estimated using the Kenward-Roger approximation. With a mixed-
effects model as the primary analysis model based on maximum likelihood estimation and assuming
that data are missing at random conditional on fixed and random effects, no imputation of missing
data were done.

The main effect of treatment obtained from the model was interpreted as the average treatment effect
(effect of ivacaftor) across all post-baseline visits within the treatment period. The estimated mean
treatment effect, a 95% confidence interval (CI), and a 2-sided P value were provided.

Sensitivity analyses including first-order autoregressive covariance in an otherwise identical model to
the primary analysis, Wilcoxon signed ranksum, and analyses of covariance (ANCOVAs) were
implemented for primary variable.

With a mixed-effects model as the primary analysis model, no imputation of missing data was done.
However, the sensitivity analyses were conducted to assess the impact of missing efficacy evaluations
on the treatment effect estimated through a mixed-effects repeated measures model:

e LOCF-based MMRM analysis
e Worst-case based MMRM analysis
e Dropout reason-based imputation MMRM analysis:

The primary analysis was repeated based on the PPS and CCS. No sensitivity analysis was performed
based on the PPS and CCS.

A carryover effect was not expected since the Washout Period occurred between Treatment Period 1
and Treatment Period 2. However, to provide a back-up analysis in the case when there was a strong
carryover effect, analysis based on MMRM using data from Treatment Period 1 only was conducted.
The model included absolute change from baseline in PPFEV1 as the dependent variable, treatment
(ivacaftor versus placebo) and visit (Weeks 2, 4, and 8) as fixed effects, subject as a random effect,
with adjustment for the continuous baseline value of age and PPFEV1. In the model, visit was treated
as a class variable and a compound symmetry covariance matrix was assumed to model the within-
subject variability. This analysis was based on the FAS.

In addition, change from baseline in PPFEV1 at Week 8 was categorized by the following rules: 25% or
<5%, 27.5% or <7.5%, =210% or <10% and summarized as categorical variables.

Due to small sample size, subgroup analyses were primarily descriptive in nature and consisted of
summary statistics. These subgroup analyses were used to examine the ability to generalize the
findings across subgroups. If an adequate sample size (i.e., =5 subjects in both treatment groups) was
available in any of the subgroups described below, model-based analysis similar to that described for
the primary analysis was conducted within the subgroup. Minimally, summary statistics were provided
by treatment group at each visit.

The following subgroups were used:

e Age Group at Baseline (6 to 11 [inclusive], 12 to 17 [inclusive], and =18 years)
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e PPFEV1 Severity at Baseline (<70%, 70% to 90% [inclusive], and >90% of the predicted value)
e Geographic Region (North America and Europe)

e Sex (Female and Male)

e Pseudomonas aeruginosa (P aeruginosa) infection status at Baseline (Yes and No)

All subgroup summaries were provided only for the FAS.

For Part 1, the safety analysis was based on the set of data associated with the period from signing of
informed consent through the end of the Treatment Period 2. Summaries were by treatment received.
The overall safety profile of ivacaftor versus placebo was assessed in terms of incidence of treatment-
emergent adverse event (TEAEs), clinical laboratory values (haematology, serum chemistry, urinalysis,
and coagulation studies), ECGs, vital signs. Safety variables were analysed based on the Safety Set.
Only descriptive analysis of safety was performed (i.e., no formal between-treatment statistical testing
was performed).

To control the overall type I error rate at 0.05, the primary endpoint and key secondary endpoints
were tested in sequence as follows:

e Test 1: The primary efficacy endpoint was tested at significance level a = 0.05.

e Test 2: If a statistically significant result was obtained from Test 1, the change from baseline in
BMI through Week 8, and change from baseline in sweat chloride through Week 8 were tested
using Hochberg’s step-up procedure at significance level a = 0.05.

e Test 3: If a statistically significant result was obtained from Test 2, change from baseline in CFQ-R
respiratory domain score through Week 8 was tested.

Results
Participant flow

Forty-two (42) patients were screened and 39 randomised. See the flow of patients in table below.

Table 6. Participant flow in study 111

Sequence 1 (I-P Sequence 2 (P-1 Total
Randomisation 20 19 39
Period 1 20 (I) 19 (P) 39
Washout -2 (P) -1 (D) -3 (2P&1I)
Period 2 18 (P) 18 (I) 36
Complete Case Analysis 18 18 36
Treatments per population
FAS
I 20 (P1) 18 (P2) 38
P 18 (P2) 19 (P1) 37
Complete Case Analysis
I 18 (P1) 18 (P2) 36
P 18 (P2) 18 (P1) 36

I: Ivacaftor; P: Placebo; FAS: Full Analysis Set; P1: Period 1; P2: Period 2

Three subjects discontinued the study before Treatment Period 2; their genotypes were
G551S/DELF508, G178R/DELF508 and G970R/2789+5G>A. Therefore, a total of 38 subjects who
received ivacaftor treatment and 37 subjects who received placebo were evaluated for efficacy.
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One patient per treatment sequence discontinued the intervention for “"Other reasons”, e.g. due to the
need to extend the Washout Period (“washout extended due to antibiotic usage” and “per sponsor, did
not qualify to continue”). An additional patient was lost to follow-up.

Recruitment

Study Part 1 was initiated on 11 July 2012 (date first eligible subject signed informed consent form)
and study Part 1completion was on 31 May 2013 (date last subject completed the last visit in Part 1).

Subjects were randomized at 8 study sites in the US, 3 in France and one in Belgium. The number of
patients randomised was 22, 8 and 9 respectively.

Conduct of the study

The study protocol was amended 4 times by the time of the data cut for the Part 1 clinical study
report. The final protocol (Version 5.0) is dated 05 December 2012.

Protocol Amendment 1

Version 2.0 of Protocol VX12-770-111, dated 17 February 2012, was the first amendment of the
protocol (replacing Version 1.0, dated 07 February 2012) and was finalized before study initiation on
11 February 2012.

The main change implemented with this amendment related to the inclusion criterion for PPFEV1 that
was changed from “40% to 90% inclusive for subjects age 12 years or older” and “40% to 105%
inclusive for subjects age 6 to 11 years” to “"FEV1 240% predicted normal for age, sex, and height
(Hankinson or Wang equations) at screening.” This was changed because the original PPFEV1 range
was included in error. This was also clarified in the randomization strata.

Protocol Amendment 2

Version 3.0 of Protocol VX12-770-111, dated 21 March 2012, was the second amendment of the
protocol. The principal changes included the following but are not limited to them:

e Due to recent preliminary finding of a dose-related increase in cataracts in juvenile rats identified
in a nonclinical study conducted to support clinical studies in patients with cystic fibrosis younger
than 2 years of age, an additional screening assessment of a comprehensive ophthalmologic
examination was added for all subjects.

e Clarification about cycling antibiotic therapy was added.
e The blinding process for the bioanalysis samples was updated.

e Clarification about collection of blood samples for the optional pharmacogenomic analysis was
provided.

Protocol Amendment 3

Version 4.0 of Protocol VX12-770-111, dated 07 September 2012, was the third amendment of the
protocol. The principal changes included the following but are not limited to them:

e Subjects who complete the Open-label Period and the Follow-up Visit and who choose not to enrol
in the open-label treatment arm of Study VX12-770-112 (Study 112) were to be offered enrolment
in the observational arm of Study 112.
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e It was clarified that subjects who prematurely discontinue treatment and have received study drug
for more than 4 weeks will be offered enrolment in the observational arm of Study 112.

¢ Ophthalmologic examinations were added as a safety endpoint for safety monitoring.

e Based on feedback from the Cystic Fibrosis Foundation Therapeutics Development Network and in
order to reduce the number of assessments, the sweat chloride test at screening was made
optional for subjects who have sweat chloride values documented in their medical records or if it is
not needed to establish eligibility.

e The collection of qualitative microbiology culture samples at the Follow-up Visit was changed for
subjects who prematurely discontinue treatment; if a sample was collected at the Early
Termination Visit, the sample at the Follow-up Visit did not need to be collected.

¢ An assessment of a comprehensive ophthalmologic examination was added at the Week 36 Visit for
subjects who are aged 6 to 11 years (inclusive) at the time of the Day 1 Visit.

e Unblinding of treatment assignments was changed specifying that the MAH’s study team will
remain blinded until all subjects have completed Part 1 of the study.

¢ Handling of sweat samples by a central laboratory was clarified to align with current central
laboratory practices.

Protocol Amendment 4

Version 5.0 of Protocol VX12-770-111, dated 05 December 2012, was the fourth amendment of the
protocol. The principal change implemented with this amendment was related to the following:

e It was corrected that the collection of sweat chloride at screening is required for subjects only if
the value is not available in the subject’s medical records and the value is needed for the diagnosis
of CF to fulfill inclusion criterion 1. Collection of sweat chloride at screening is not required, but is
optional, for those subjects who have sweat chloride values documented in their medical records
and it is not needed to establish eligibility.

Changes to Planned Analyses

The Statistical Analysis Plan (SAP) was finalized before database lock and unblinding for this study and
provides the final planned statistical analyses for Part 1. Difference from the last approved clinical
study protocol (Version 5.0) included the following:

e Change covariance matrix from “unstructured covariance matrix” to “compound symmetry
covariance matrix” for all MMRM models. This modification was made to ensure model
convergence.

Difference from the last approved statistical analysis plan (dated 13 June 2013) included the following:

¢ Removed the baseline of analysed variables from model covariates for all LMM models. This
modification was made to align the statistical methodology with desired clinical interpretability.

¢ Removed ‘period’ from the negative binomial regression model for count variables. This
modification was made to ensure model convergence.

e Before Part 1 data lock, analysis of the responder category <5 mmol/L or 25 mmol/L to evaluate a
lower range of sweat chloride response was added, and the responder category <15 mmol/L or
>15 mmol/L was removed since any sweat chloride value that fell within this range would have
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been reflected in the pre-specified responder categories <10 mmol/L or 210 mmol/L and <20

mmol/L or 220 mmol/L.

Baseline data

The majority of subjects in both Treatment Sequences were White (75.0% in Treatment Sequence 1
and 73.7% in Treatment Sequence 2) and of non-Hispanic or Latino ethnicity (75.0% in Treatment
Sequence 1 and 68.4% in Treatment Sequence 2).

The mean age was 23.8 years (range: 6 to 57) in Treatment Sequence 1 and 21.7 years (range: 6 to
47) in Treatment Sequence 2; there were 19 subjects overall in the <18 years subgroup and 20
subjects overall in the =218 years subgroup. Mean baseline sweat chloride values (overall 97.54
mmol/L) and mean PPFEV1 at baseline (overall 78.3806%) were similar between the 2 Treatment

Sequences.

Baseline data for the FAS are provided in the table below.

Table 7. Demographic and Baseline Characteristics, Part 1, Full Analysis Set

Treatment Treatment
Sequence 1* Sequence 2° Overall
Variable N=120 N=19 N=39
Sex, n (%0)
Male 13 (65.0) 9(47.4) 22(56.4)
Female T(35.0) 10 (32.6) 17 (43.5)
Race, n (%)
White 15(75.0) 14 (73.7) 20 (74.4)
Black or African American 130 1(5.3) 2(3.1)
Asian ] ] 0
American Indian or Alaska Native ] ] 0
Native Hawaitan or Other Pacific Islander ] ] 0
Other ] ] 0
Mot Collected Per Local Regulations 4(20.00 4(21.1) &(20.5)
Ethnicity, n (%)
Hispanic or Latino 1(5.0) 2(10.53) 30T
Not Hispanic or Latine 13 (7500 13 (68.4) 28(71.8)
Mot Collected Per Local Fegulations 420109 40211 (2035
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Treatment

Treatment

Sequence 1* Sequence 2t Overall
Variable N=10 N=19 N=19
Geographic Region, n (%)
MNerth America 11 (35.09 11 (37.9) A2 (56.4)
Europe 0(45.0) 2421 17 (43.8)
Genotype, n (%)
S1251N/DELF508 42000 4(21.1) 2(20.5)
G1244E /DELFS08 0 3(15.8) 30N
GYT0R/DELFS08 2(10.0) 1(5.3) 317
S349N/DELF508 130y 2(10.5) 30N
G178R/DELFS08 120y 1(5.3) 2(3.1)
G3515/DELF308 120y 1(5.3) 2(3.1)
S549F/DELF508 1(3.0) 1(5.3) 2(3.1)
GI78R/LI0TTP 1(2.0) 1(5.3) 2(3.1)
SHIN/NIZ0EK 1(2.0) 1(5.3) 2(3.1)
G1340D /2183 AASG 1(3.0) 0 1(2.6)
G1340D/DELF508 0 1(5.3) 1(2.6)
G1244E/G1244E 0 1(5.3) 1(2.6)
G1244EY913X 1(3.0) 0 1(2.6)
G17BR2B6INSAG 0 1(5.3) 1(2.6)
Gl7BR/621+1G-T 1(3.0) 0 1(2.6)
S549N/GS42X 1(3.0) 0 1(2.6)
GOTORATEO5G-A 1(3.0) 0 1(2.6)
S1253P/Q1313X 2(10.0) 0 2(3.1)
SH49R/RI138X 0 1(5.3) 1(2.6)
S349R/SERO451LED 1(3.0) 0 1(2.6)
Genotype by Gating Mutation, n (%)
S1251W 42000 4(21.1) 2205
G178R 3(15.0) 3(15.8) 6(15.4)
S349N 3(15.0) 3(15.8) 6(13.4)
G1244E 1(2.0) 4(21.1) 3(12.8)
S349E 2(10.0) 2(10.5) 4(10.3)
GOTOR 3(13.0) 1(5.3) 4(10.3)
G351 1(30) 1(5.3) 2(3.1)
S1253P 2(10.0) 0 2(3.1)
G1349D 1(30) 1(5.3) 2(3.1)
Age (vears)
N 20 19 39
Mean 138 217 228
sD 1323 12.92 1296
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Treatment Treatment

Sequence 1° Sequence 2 Overall
Variable N=20 N=19 N=39
Median 240 15.0 230
Minimmim & & 6
Maximum 57 47 57
Age Group (years). n {%0)
6o 11 3(15.0) 3(26.3) g(20.5)
12 t2 17 6 (30.0) 3(26.3) 11(28.2)
=18 11 (35.0) 9474 20(31.3)
Percent Predicted FEV;
n 20 19 30
Mean 777414 T9.0535 78.3806
sD 21.57322 20.895935 2097534
Median B0.3835 855085 84.4533
Minimmim 42.900 42 968 42900
Maximumm 118.715 104.070 118.715
Percent Predicted FEV1, n (%0)
=70% T(35.0) 6(31.6) 13(33.3)
=70% to <00% 6 (30.0) 6(31.8) 12 (30.8)
=00% T(35.0) T(36.8) 14 (35.9)
Height (cm)
n 20 19 39
Mean 161.30 153.84 157.67
SD 19.644 20.908 20.354
Median 168.0 158.0 166.0
Minimmim 105.0 114.0 106.0
Maximmm 177.0 1581.0 181.0
Weight (kg)
n 20 19 30
Mean 59.80 55.01 57.46
sD 18.663 25762 223235
Median 62.0 4.0 9.0
Minimmim 200 220 200
Maximum 880 126.0 126.0
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Treatment

Treatment

Sequence 1° Sequence 2° Owerall
Variable N=10 N=19 N=130
BMI (kg/m?)
n 20 19 39
Mean 2226 21.99 2213
sD 4122 3879 4089
Median 21.70 20.34 2134
Mininmum 15.5 14.5 14.5
Maxinmm 312 385 385
Height-for-age z-score (points)
n 9 10 19
Mean -0.0956 -0.7988 -0.4657
sD 1.15808 0.84016 1.03882
Median 01120 -0.8845 -0.2800
Mininmum -2 4R8 -2.533 -1.555
Maxinmm 1.281 0.378 1231
Weight-for-age z-score (points)
n o 10 19
Mean 03788 -0.1818 0.0837
sD 1.18287 1.02501 1.10900
Median 03280 -0.3740 0.2320
MEninmum -1.966 -1.437 -1.966
Maxinmm 1286 1.420 2286
EMI-for-age z-score (points)
n 9 10 19
Mean 03031 0.2204 03501
sD 1.15806 1.09003 1.10084
Median 03690 0.1630 0.2520
Mininmum -1.593 -1.462 -1.593
Maximnm 2264 1.647 2264
Sweat Chloride (mmolT)
n 20 19 39
Mean 8458 100.66 97.54
sD 22738 12,735 18.576
Median 101.75 10450 102.00
Mininmum 12.0r 755 12.0
Maxinmm 118.0 121.5 1215
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Vanahle

Treatmnent

Sequence 1°
N=10

Ovwerall
N=30

Source: Table 14.1.2.1

Notes: All results displayed are baseline results, Baseline was defined as the most recent measurement befoge
mtake of the fist dose of study drug, Weight-for-age z-score and BMI-for-age z-score were calculated by
using NCHS growth charts. Z-score was defined as missing 1f the subject's age was over 240 months old at

the time of assessment.

*  Treatment Sequence 1: rvacaftor in Treatment Period 1=Washout=*placebo in Treatment Feriod 2.

Incorporated,

Medical history

Treatment Sequence 1. placebo i Treatment Peniod 1 -*Washout=*1vacaftor m Treatment Pemiod 2
*  The mininmim sweat chloride value in Trestment Sequence 1 was attributed to Subject [INNNEGNG :<=
Lisnng 16.2.6.2). The subject’s sweat chlonde valnes were queried during review and confirmed by IOON

The table below summarizes medical history consistent with a diagnosis of CF with an incidence of at

least 15% in any treatment sequence group.

Table 8. Medical History Consistent with a Diagnosis of CF with an Incidence of at Least 15% of
Subjects in Any Treatment Sequence, Part 1, Full Analysis Set

Treatment Sequence 1* Treatment Sequence Orverall
N=10 N=19 N=310
Condition n (%) n (%o) n (%o)
Cystic Fibrosis Lung Disease 19 (93.0) 19 (100.0) 32974
Pancreatic Insufficiency 14{70.00 17(89.5) 31{79.5)
Chronic Sinusitis 8 (40.00 9474 17{43.6)
Asthma 6(30.0) 9474 15(38.5)
Clubbing 8 (40.00 6(31.6) 14(35.9)
Gastroesophageal Reflux Disease 6300} 6(31.6) 12(30.8)
(GERD)
Nasal Polyps 4(20.0) B42.1) 12(30.8)
Hepatic Enzyme Increased & (30.0) 40211 10 (25.6)
Nasal Pelypectomy 4(20.0% 5(26.3) 9231
Constipation 5(23.0) 2(10.3) T(17.9
Bacterial Disease Carrier 4(20.0% 2(10.3) 6(13.4)
Depression 42000 2(10.3) 6(13.4)
Vitamin D Deficiency 3150y 3(15.8) 6(13.4)
Pneumeonia 1(3.00 3(15.8) 4(10.3)
Haemoptysis 3(15.0y 1(5.3) 4(10.3)
Bronchopulmonary aspergillosis 0 3(15.8) EX )

allergic
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Treatment Sequence 1° Treatment Sequence 2°

N=10 N=19
Condition n (%) n (%)
Panecreatitis 0 3(13.8)
Fectal Prolapse 0 3(15.8)

Owerall
N=139
n (%)
37N
3I(7.N

Source; Table 14.1.4.1

Note: Percentages were caleulated relative to the number of subjects in the full analysis set.

k

Concomitant medication

Treatment Sequence 1: ivacaftor in Treatment Penod 12> Washouwt 2placebo in Treatment Period 2.
Treatment Sequence 2: placebo in Treatment Period 1 2Washout—#ivacaftor in Treatment Period 2.

The table below summarizes concomitant medications received by at least 15% of subjects while
receiving placebo or ivacaftor. The most commonly reported concomitant medications were indicated
for management of CF complications. The use of concomitant medications received by at least 15% of
subjects while receiving placebo or ivacaftor was similar with the exception of levofloxacin (16.2% of
subjects while receiving placebo and 2.6% of subjects while receiving ivacaftor).

Table 9. Concomitant Medications Received by At Least 15% of Subjects in Any Treatment Sequence,

Part 1, Full Analysis Set

Placebo Ivacaftor

N=3 N=13§
WHO Drug Dictionary Clazsification (%) n (%)
Subjects with Any Concomitant Medieation 37 {100y 38 (1007
Domase Alfa 30 (E1.1) 30 (789
Panereatin 24649 240632
Azithromycin 18 (31.4) 20 (32.6)
Salbutamel 16(43.2 17(44.7)
Seretide 13 (351 12 (31.6)
Vitamins NOS w/Zine 12(32.4) 12 {31.6)
Colecaleiferel 110257 11 (2899
Sodinm Chleside 102700 2(23.7)
Bactiim 102700 10 (26.3)
Ibuprofen 90243} 11 (289}
Macrogol 90243} 10(26.3)
Tocopheryl Acetate 90243} 90237
Teobramvem 9(24.3) E21.1)
Colistimethate Sodium 9(24.3) T(18.4)
Paracetamol 8(21.6) 11 (28
Fluticasous Propionate 8(21.6) E21.1)
Levasalbutamol Hydrochlonde 8(21.8) T(l184)
Omeprazels T(18.9) T(18.4)
Vitamin D NOS T(18.9) 6(15.8)
Amoxi-Clavalamico 6(16.2) T(184)
Multivitamins With Minerals 90003801/ 6(16.2} 6(15.8)
Influenza Vaceine 6162} 5(13.2)
Levofloxacn &(16.2) 1(2.5)

Source: Table 14.1.52
WOS: not otherwise specified.

Wotes: A subject with maltiple concomitant medications within a PT was counted ouly once within 2 PT.
Concomitant medications were coded froms the WHO Drug Dictionary Enhanced, March 2012
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Numbers analysed

Table below shows the number of patients analysed per study population.

Table 1. Subject Disposition, Part 1

Treatment Treatment

Sequence 1" Sequence 2" Owerall
Disposition Category n (%) o (%) n {%8)
All Sersened Subjects 42
All Bandomized Subjects 20 19 39
Safety Set 20 19 39
Full Anzly=is Set (FAS) 20 19 39
Fer Protocol Set (PPS) 11 15 26
Complete Case Sat (CCS) 13 18 36
Mever Dosed a a 3

A total of 39 subjects were included in the Full Analysis Set (FAS) and the Safety Set: 20 subjects in
Treatment Sequence 1 (ivacaftor in Treatment Period 1 — Washout — placebo in Treatment Period 2)
and 19 subjects in Treatment Sequence 2 (placebo in Treatment Period 1 — Washout — ivacaftor in
Treatment Period 2). Three subjects discontinued the study before Treatment Period 2 (2 subjects in
Treatment Sequence 1 and 1 subject in Treatment Sequence 2); therefore, a total of 38 subjects who
received ivacaftor treatment and 37 subjects who received placebo were evaluated for efficacy.

Seven subjects in Treatment Sequence 1 and 3 subjects in Treatment Sequence 2 were excluded from
the PPS due to major protocol violations. Of these, 8 subjects were excluded from the PPS for
prohibited medications (i.e., ciprofloxacin, erythromycin ethylsuccinate, fluconazole, hypertonic saline,
pentobarbital, prednisolone, Prozac); 1 subject was excluded because of the timing of his inhaled
antibiotic use (TOBI) relative to study drug dosing on Day 1 (i.e., the subject was randomized at the
end of an “on” cycle instead of an “off” cycle; and 1 subject (in Treatment Sequence 2) was excluded
for study drug compliance <80% in Treatment Period 1. Three additional subjects were excluded from
the PPS because they discontinued before Treatment Period 2 (2 subjects in Treatment Sequence 1; 1
subject in Treatment Sequence 2). These three subjects were also excluded from the CCS because
they discontinued before Treatment Period 2.

A total of 18 subjects in each Treatment Sequence completed the full assigned duration of dosing.
Outcomes and estimation
Change from baseline in PPFEV1

Primary efficacy variable was absolute change from baseline in PPFEV1 through Week 8 in each
Treatment Period of Part 1. The table below shows the results of the absolute change from baseline in
PPFEV1.
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Table 10. Absolute Change From Baseline in PPFEV1 by MMRM, Part 1, Full Analysis Set

Absolute Change Treatment Effect
Visit or Time  Treatment Sample Statisties From Bazeline" (Ivacaftor vs Placebo)
Period Group n Mean n L% Mean  Difference (95% CI) Pvalue
Bazeline Flacebo 37 793361 -- --
Ivacaftor 38 76,3055 - - - -
Orverall Placebo 37 TE03E0 37 -31912 10,6780
Postbaseline Ivacafior 38 837058 38 74868 (72339 l4loop) 0901

Source: Table 142121

Note: Sample statistics are tnadmsted resulis.
*  Estimates were obtained from MMEM, with absolute change from baseline as the dependent variable; with

freatmeant, sequence, period, and vist within peried (Week 2, Weak 4, and Weask B) as fixed affects; with
subjact nested within sequence a5 2 random effect; and with adjustment for the continuous baselne values
of age and percant predicted FEV, nsing a compound symmetry covariancs matrix.

The mean absolute change from baseline in PPFEV1 through Week 8 by MMRM was greater during
ivacaftor treatment (7.4868%) than during placebo treatment (-3.1912%). The estimated treatment
difference (95% CI) for ivacaftor versus placebo was 10.6780% (7.2559, 14.1000). To assess potential
carryover effects, treatment sequence and treatment period were included in the MMRM analysis of the
primary efficacy endpoint. No significant effects of treatment sequence or treatment period were
observed for the primary efficacy endpoint, suggesting no carryover effect.

The consistency of treatment effect over study visits for the absolute change from baseline in PPFEV1
by MMRM is presented in the table below. Statistically significant treatment differences (P <0.0001)
were observed by Week 2 (first post-baseline time point assessed; 8.3142% [95% CI: 4.5109,
12.1175]) and were sustained through Week 8 (13.7554% [95% CI: 9.9414, 17.5694].

Table 11. Absolute Change From Baseline in PPFEV1 by MMRM, Consistency of Treatment Effect Over
Visits, Part 1, Full Analysis Set

Absolute Change Treatment Effect

Visit or Time  Treatment _ oample Statistics From Bazeline’ (Ivacaftor vs Placebo)
Period Group n Mean n L5 Mean Difference (95% CT) P value"
Baszeline Placaba 37 793351 - -

Ivacaftor 38 76.3659 —~ — - B
Wesk 2 Placebo 37 T1.8637 37 -1.4208 21142

Tvacafior g £3.505 33 {(4.5109, 12.1175) =0-0001

vacaftor 3 5850 38 5.8933 :

Wask 4 Placaba 37 T76.7878 37 -2.2903 EI.S'EEIE_ 0.0001

Ivacaftor 3% 239181 38 7.7005 (6.1874, 13.7941) ’
Wask £ Placaba 37 734824 37 -5.8472 15-.'."5'54_ 0.0001

Ivacaftor 37 83,6015 37 7.0082 (9.9414, 17.53694) ’

Sourcs: Table 142122

Mote: Sample statistics are tnadusted resulis.

*  Estimates were obtainad from MMEM, with absoluts change from period baseline as the dependent
variable; with treatment, sequence, pertod, visit within period (Week 2, Week 4, and Weaak 3}, and
tfreatment by visit interaction as fixed effects; with subject nested withm sequence as a random affect; and
with adjustment for the continuous baseline values of age and percent predictad FEV, using 2 compound
SVIImeily covarlancs matrix

F value for Overzll Post-Baseline was from the main treatment effact; P wvalues at indrvidual wisits were
from linsar contrasts between the 2 treatments at the grven visit.

To evaluate individual subject response to ivacaftor and placebo, a waterfall plot showing the absolute
change from baseline in PPFEV1 at Week 8 by treatment is presented in the figure below.

Kalydeco II-09
EMA/CHMP/360053/2014 Page 41/90



Figure 2. Waterfall Plot of Absolute Change From Baseline in PPFEV1 at Week 8 by Treatment, Part 1,
Full Analysis Set

0
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Source: Figure 142611
Mote: The horizontal (dashed) reference lme at 5% and -5% refers to the lowest responder critenia laval.

The pattern of response suggests a clear distinction in treatment effect between ivacaftor and placebo.
One subject had -19.573% decrease from baseline in PPFEV1 at Week 8 of ivacaftor treatment but this
was attributed to an adverse event of infective pulmonary exacerbation that was not related to
ivacaftor.

The results of sensitivity analyses performed to assess the robustness of the primary analysis are
shown in the table below.
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Table 12. Absolute Change From Baseline in PPFEV1, Sensitivity Analysis, Part 1, Full Analysis Set

Absclute Change Treatment Effect
Treatment From Bazeline (Ivacaftor vz Placebo)
Sensitivity Analysis Group L5 Mean Difference (95% CT) P value
AMEDT with First Order Placzba 37 -3.2546 - - ) ;
Anrtoregressive Covariance® Teacaftor 13 7 6054 10.Ba00 (75986, 14.1234) =<0.0001
AMEM with Last Placsbao 37 -3.2027 _ . ] .
Ohservation Carried Forward®  [yacaftor 33 7 4660 10,6686 (7.2421, 14.0972) =0.0001
MMEM with Worst Case Placebao 37 -3.2027
10,6696 (72421, 14.0972 =0.0001
Imputation" Ivacaftor 38 T 45659 ( ’ )
AMEM with Dropout Placebao 37 -3.2027 _ - . .
Feason-based Imputation”™ Tvacaftor 38 7 4669 10,6696 (7.2421, 14.0972) =0.0001
ANCOVAS Placzba 37 -5.7900
13,8452 (98943, 17.7961 =0.0001
Ivacaftor 37 3.0531 32 ’ )
Wileoxon Placsh 36 -42675
ilcoxon aczba : __‘\ _ 0.0001
Ivacaftor 36 5.0933

Source: Table 142123

*  Estimates were obtainad from MMEM, with absclute change from baseline as the dependent variable; with

freatment, sequence, period, and visit within period (Week 2, Week 4, and Weask 2} as fixed affacts; with

subject nested within sequence as 2 random effect, adjusted for the combnuous baseline values of age and

percent pradicted FEV,, using an AR(L) covaniance matiix.

Identical MMEM model described in Foomete 2 was used, except using compound symmetry covariance

mairix. Missing data were imputed with Last Obsarvation Camied Forward, Worst Caze Imputation, and

Dropout Eeazon-based metheds as mdicated. Multiple mmputation was applied to remedy loss of vanance

information.

AMNCOVA was based on the absolute change from baseline at Week 8 in each Treatment Perniod.

* Wileoxen Fank-Sum Test was based on the absolute chanze from baseline at Waek £, with medians
dizplaved in the LS Mean colummn

A supportive analysis based on MMRM using data only from Treatment Period 1 was conducted to
explore if any carryover effect between Treatment Period 1 and Treatment Period 2 was evident.
Results from the analysis are presented in the table below.

Table 13. Absolute Change From Baseline in PPFEV1 by MMRM, Treatment Period 1, Part 1, Full
Analysis Set

Absolute Changze Treatment Effect
Visit or Time  Treatment Sample Statiztics From Bazeline” (Ivacaftor vs Placebo)
Period Group I Mean n LS Mean  Difference (95% CI) Pvalue
Bazeline Placebo 19 T9.0533 - -
Ivacaftor 20 T77.7414 - - B -
'Drm'.all Placsbo 19 TE.6564 19 -2.1838 i 8.2330 0.0061
Post-basaline Ivacaftor 20 36186 20 60652 (2.3012, 13.9648)

Source: Table 142127

Nl}tE" Sample statistics are unadynsted results. Only data from crozsover Treatment Period 1 are used.
Eztimates were obtained from MMEM, with abselute change from baseline as the dependent variable, with
freatment and visit (Week 2, Week 4, and Wesk ) as fixed effects, with subject nested within sequence as
a random effect, and with adjustment for the continuous baseline values of age and percent predicted FEV,,
using @ compound svinmetry covanlance matrix

To provide additional supportive information, a responder analysis was conducted by categorizing the
absolute change from baseline in PPFEV1 at Week 8 as =5% or <5%, =7.5% or <7.5%, =10% or
<10%. Results are presented in the table below and show that only a single subject on placebo had a
>5% response compared to almost half the ivacaftor subjects. Over 40% of ivacaftor subjects
responded by >10% after 8 weeks of treatment.
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Table 14. Responder Analysis of Absolute Change at Week 8 in PPFEV1 Part 1, Full Analysis Set

Placebo Ivacaftor

N=37 N=38

Category n (%) n (%)
=5% 1(27) 18 (47.4)
5% 36 (97.3) 19 (50.0)
Total 37 (100.0) 37(97.4)"
=7.5% - 17(44.7)
=7.5% 37 (100.0) 20 (52.6)
Total 27 (100.0) 37 (97.4)"
=10% - 16 (42.1)
=10% 37 (100.0) 21(55.3)
Total 37 (100.0) 37 (97.4)"

Source: Table 14.2.1.1.7

Motes: Period baseline was defined as the most recent non-missing measurement collected prior to initial
admimstration of study dmg in each Treatment Period, with additional requirement for the Treatment
Fenod 2 baseline that it needed to be from an assessment after 14 days m the Washout Pariod. If the
Treatment Pariod 2 baselme was missmg, the Treatment Peniod | basaline was usad

S‘Lﬂ:ljeft_ was randonuzed to Treatment Sequence 1 but discontinued from the studv after
completing the Week 4 Visit and subszequently did not complete Treatment Period 1; subject was lost to
follow-up (see Listing 16.2.13.

Both the responder analysis of changes in PPFEV1 and the waterfall plot show that there were a
number of patients who improved on placebo as well as some who deteriorated on ivacaftor. As a
consequence, and upon request of the CHMP, the MAH provided the individual narratives of these
patients. The narratives of seven patients were discussed. Two of these patients with genotypes
S1251N/F508del and S549N/G542X had the maximum decreases during ivacaftor treatment, i.e. -
19.57 at week 8 and -6.97 at week 4, respectively. While it was stated that patient S1251N/F508del
experienced a pulmonary exacerbation during ivacaftor treatment, the narrative of the patient with the
genotype S549N/G542X did not offer any reasonable explanation for the observed decrease in FEV1 at
week 4 but the patient experienced a much more pronounced decline in FEV1 during placebo-
treatment (-21.55). The remaining patients with genotypes S549R/F508del, G178R/L1077P,
G1244E/F508del, S1255P/Q1313X and G970R/F508del had more limited decreases in lung function
that ranged from -3.53 to -0.78.

Change from baseline in BMI

The mean absolute change from baseline in BMI at Week 8 (rate of change difference) by LMM is
shown in the table below.

Table 15. Absolute Change From Baseline in BMI (kg/m2) by LMM, Part 1, Full Analysis Set

Rate of Change

in Treatment Treatment Effect
Visit or Time  Treatment Sample Statizties Period" (Ivacaftor vz Placebo)
Periad Group n Mean n L% Mean  Difference (95% CI) P value"
Bazeline Placsbao 37 22527 - -
Tvacaftor 18 22,241 - - - -
Weak & Placabo 37 22.570 37 0.0163 ) 0.6624 -0.0001
Ivacaftor 37 23.101 38 0.6787 (03366, 0.9881) :

Mote: Sample statiztics are unadmsted results.

*  Estimated change from baszeline per 36 days was obtained from a linear mined model, with BMI as thes
dependant varizble; with treatment, sequence, and period as fixed affects; and with mtercept, visit (davs on
study, mchuding all visits through Week 8 in each period), and treatment bv visit iInteraction as random
effects, with adjustment for bazslme percent predicted FEV, and aze.

P value for the treatment affect 1= from the slope of BMI (kg rnzj versus time (days).
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Mean (standard error, SE) changes from baseline in BMI at study visits across the Treatment Periods
are presented in the figure below. Increases from baseline in BMI during treatment with ivacaftor were
observed at Week 2 (first post-baseline time point assessed) and continued through Week 8.

Figure 3. Mean Absolute Change From Baseline in BMI (kg/m2) by Treatment, Part 1, Full Analysis
Set
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Source: Figure 142 4]

BMI-for-age z-scores were calculated using the CDC growth chart for the 19 subjects who were 20
years of age or younger. The mean absolute change from baseline in BMI-for-age z-score at Week 8 by
LMM was greater during treatment with ivacaftor (0.2437 points) than during placebo treatment (-
0.0392 points) (see table below).

Table 16. Absolute Change From Baseline in BMI-for-Age Z-Score by LMM, Part 1, Full Analysis Set

Eate of Change

in Treatment Treatment Effect
Visit or Time  Treatment Sample Statistics Period" (Ivacaftor vz Placeba)
Period CGroup n Mean n L% Mean Difference (95% CI) P value"
Baseline Placebo 17 04914 - -
Ivacafior 19 0.3151 - - B B
Weak & Placsbao 17 04915 17 -0.0352 . I]._JS_‘-{I 0.0010
Ivacaftor 18 0.6246 19 0.2437 (01187, 0.4492)

Source: Table 142424

Motes: Sample statistics are unadynsted results. BMI-for-age z-scores were calenlated using MNationzal Center for
Haalth Statistes (INCHS) growth charts. Analvsis was conducted only when the number of subjects with
rezults in each treatment group =35 and the model converged.

Estimated change from baseline per 56 days was obtamned from a linear mixed meodsl, with BMI-for-age
z-zcore as the dependent vanable; with treatment, sequence, and period as fixed effacts and with intercept,
vizit (days on study, including all visits through Wesk 8 m sach period), and treatment by visit interaction
as randem effects, with adustment for baseline percent predicted FEV, and aga.

F value for the treament effect is from the slope of BMI-for-age z-score versus time {days).

Change from baseline in sweat chloride

The mean absolute change from baseline in sweat chloride (mmol/L) through Week 8 by MMRM s
shown in the table below.
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Table 17. Absolute Change From Baseline in Sweat Chloride (mmol/L) by MMRM, Part 1, Full Analysis
Set

Abszolute Change Treatment Effect
Visit or Time  Treatment Sample Statistics From Baszeline® (Ivacaftor vs Placebo)
Period Group n Mean n L% Mean  Difference (95% CT) Pryalue
Bazeline Placeha 37 94,2297 - -
Tvacaftor 38 93.3684 - - B B
Orrerall Placsbo 37 91.3551 37 -3.1134 -49. 1667
Postbaseline  Tvacator 37 406165 37 522801 (369927 -4l3sey 00001

Mote: Sample statistics are unadjusted results.

*  Estimates were obtained from MMEM, with abselute change from baseline as the dependent variable; with
freatment, sequence, period, and visit within pertod (Week 2, Week 4, and Weask 2} a5 fixed affacts; with
subject nested within sequence as a random effect; and with adjustment for the continuous baseline value of
age, percent predicted FEV |, and sweat chlonide, nsing a compound symmetry covarlance matrix.

Statistically significant treatment differences were detected by Week 2 (first post-baseline time point
assessed; -45.7161 mmol/L [95% CI: -53.9486, -37.4836]) and were sustained through Week 8 (-
49.6331 mmol/L [95% CI: -57.7951, -41.4711]) (see table below).

Table 18. Absolute Change From Baseline in Sweat Chloride (mmol/L) by MMRM, Consistency of
Treatment Effect Over Visits, Part 1, Full Analysis Set

e e e - S

Absolute Change Treatment Effect
Visit or Time  Treatment Sample Statiztics From Baszeline” (Ivacaftor vs Placebo)
Period Group n Mean n LS Mean Difference (95% CI) P value"
Bazeline Placebao 37 94,2297 - -
Ivacaftor 38 533684 - - B -
Weaak 2 Placabo 35 921714 35 -2.4864 45 T161 00001
Ivacaftor 33 44,5000 33 -48.2025 [-33.0486, -37 4838 ’
Weask 4 Placsbo 15 23.6111 36 -0.8764 _57 0888 _ 00001
Ivacaftor i4 40,1912 34 -529632 (-60.2920, -43 BE36)
Wesk B Placsbo 15 £8.1056 36 -5.9533 49 £31] 10,0001
Ivacaftor 16 37.4583 36 -55 5863 (-57.7951, -41.4711) ]

Source: Table 142222

Mote: Sample statistics are unadmusted results.

*  Estimates were chtained from MMEM, with abzolute change from period baseline as the depandent
variable; with sequence, pertod, treatment, wizit within period (Week 2, Week 4, and Week 8), and
freatment by visit interaction as fixed effects with subject nested within sequence as a random effect; and
with adjustment for the continuous baseline values of age and percent predictad FEV,, using 2 compound
sVInmeily covarlance matrix.

F value for Overzll Post-Baseline is from the main treatment affact; P values at individual visits are from
linear contrasts between the 2 freatments at the given visit.

A responder analysis was conducted by categorizing absolute change from baseline in sweat chloride
values at Week 8 as =5 mmol/L or <5 mmol/L decrease, =210 mmol/L or <10 mmol/L decrease, and
>20 mmol/L or <20 mmol/L decrease. Results of this analysis are presented in the table below and
show that the majority of subjects treated with ivacaftor who had =5 mmol/L decrease at Week 8 also
had =20 mmol/L decrease at Week 8.
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Table 19. Responder Analysis of Absolute Change at Week 8 of Sweat Chloride (mmol/L), Part 1, Full
Analysis Set

Placebo Ivacaftor
(N=37) (N=238)
Category n (%) n (%)
=5 mmol/L decrease 18(48.6) 33 (86.8)
<5 mmol/L decrease 18 (48.6) 3(79)
Total 36 (97.3) 36 (94.7)"
=10 mmoelL decrease 11¢29.7) 32 (842)
10 mmol L decreaze 25 (67.6) 4(10.5)
Total 26(97.3) 36 (94.7)"
=20 mmoelL decrease 3(8.1) 11 (81.6)
20 mmelL decrease 33(89.2) 5(13.2)
Total 36 (97.3) 36 (94.7)°

Souce: Table 142218

IWotes: Peniod baseline was defined as the mest recent non-mussing measurement collected prior to matial
admimistration of study drug in each Treatment Period, with additional requirement for the Traatment
FPenod 2 baseline that it needed to be from an assessment after 14 days m the Washout Period. If the
Treatment Period 2 baseline was missimg, the Treatment Penied 1 baseline was used.

Subject I - - randomized to Treatment Sequence 1 but dizcontinued from the study after
completing the Wask 4 Visit and subsequently did not complate Treatment Period 1: subjsct was lost to
follow-up (zee Listng 16.2.1).

The responder analysis of changes in sweat chloride at week 8 showed that three subjects had a >20
mmol decrease in sweat chloride while on placebo and three subjects had <5 mmol decrease in sweat
chloride while receiving ivacaftor. Upon request of the CHMP the MAH provided the individual
narratives of these patients as well as waterfall plots of changes in sweat chloride at weeks 2, 4 and 8.

The narratives provided for patients who had the smallest decreases in sweat chloride values while on
treatment with ivacaftor showed that all of them carried the G970R-CFTR mutation. The analysis at
week 8 of the mean absolute change in sweat chloride showed that in 3 out of the 4 patients enrolled
in study 111 the reduction was below 5 mmol/L and between 5 and 20 mmol/L for the remaining
patient. Similarly, the mean (SD) absolute change in percent predicted FEV1 at week 8 was 0.4 (3.7)
and 2.6 (2.7) for placebo- and ivacaftor-treated patients. These results are comparatively inferior to
those achieved by patients with other non-G551D gating mutations.

The analysis of patients with a decrease in sweat chloride above 20 mmol/L while on placebo (i.e.,
higher than anticipated in the absence of an active treatment) did not suggest any specific pattern in
terms of genotype. Narratives were provided for three patients with the following genotypes:
G1349D/2183AA>G, S549R/F508del and S549N/N1303K. All three of them had pancreatic
insufficiency.

The patient with the genotype S549N/N1303K had at Day 1 (start of ivacaftor dosing) a sweat chloride
of 118 mmol/L that after 8 weeks of treatment decreased to 31 mmol/L. At Week 12 (start of placebo
dosing) his sweat chloride has increased to 105.5 mmol/L and decreased after 8 weeks of placebo
treatment to 93.5 mmol/L.

For the patient with the genotype S549R/F508del the amount of sweat chloride was not sufficient for
analysis in most of the study visits where this measurement was performed. At baseline his sweat
chloride was 105 mmol/L and 80 mmol/L during the run-in. The first day of ivacaftor-treatment the
value was 103.5 mmol/L and after 8 weeks of placebo treatment it was 79.5 mmol/L. The lack of
quantifiable sweat chloride amounts in most of the study visits precludes a clear interpretation of the
data.
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Patient with the genotype G1349D/2183AA>G had while on ivacaftor a decrease in sweat chloride from
102 to 20.5 mmol/L. At week 12 (at the time of starting placebo treatment) his sweat chloride value
had returned to the run in value prior study initiation. After 8 weeks of placebo treatment his sweat

chloride dropped from 97 to 79 mmol/L.

The waterfall plots provided of change in sweat chloride at weeks 2, 4, and 8 showed that the majority
of the patients had a clear reduction in sweat chloride during ivacaftor treatment, i.e. almost all
mutations consistently displayed a decrease in sweat chloride well above 20 mmol/L with ivacaftor.
The only exceptions were G970R patients and single examples for S1251N subjects (see figure below).

Figure 4. Individual CFTR genotypes: waterfall plots for absolute change from baseline in sweat

chloride, full analysis set
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Iote: The honzontal reference lnes at -5 momolL and -20 mmelL identfy subjects who were treated wath
ivacaftor who had a =5 mmol'L decrease m sweat chlonde and subjects who were treated with placebo who had
a =20 mmolT dacrease m sweat chlonde.

Change from baseline in CFQ-R Respiratory Domain Score

Four versions of the questionnaire were used: 3 in which the subject was interviewed or information
was self-reported (Children of Ages 6 to 11 Years, Children of Ages 12 to 13 Years, and Adolescents

and Adults) and 1 in which the subject's parent or caregiver was the respondent (Parents and

Caregivers). Pooled questionnaire analyses were defined as all questionnaire versions except for the

Parents and Caregivers version.

Results of the mean absolute change from baseline in the respiratory domain score of the CFQ-R

through Week 8 by MMRM and by questionnaire version are shown in the table below.
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Table 20. Absolute Change From Baseline in CFQ-R Respiratory Domain Score by MMRM, Part 1, Full
Analysis Set

Abzolute
Sample Change From Treatment Effect
Statistics Bazeline” (Ivacaftor vs Placebo)
Questionnaire  Visit or Treatment Difference
Verzion Time Period Group n Mean n LS5 Mean (95% CT) P value
Children Ages  Baselne Placebo 2 TRI1250 -- --
6to 11 Vears Ivacaffor 8§  70.8333 - - - -
Orrerall Placebo 3 8313333 g 56308 11.3391 .
Postbaselile Lacator 8 878473 8 16.9699 (-49020 275803 102
Chaldren Ages Baselme Placebo 2 750000 - -
1210 13 Years Ivacaftor 3 717777 - - - -
Orvrarall Placebo 2 Tislld 2 --
Post-baselme  Lyacaftor 3 677083 3 - - -
Adolascants Baselne Placebo 27 734568 -- --
and Adults Ivacaffor 27 687831 - - - -
Orerall Placebo 27 To.0es0 27 -2.6581 11.3360
Postbaselie Loacatr 27 79181 27 86779 (54081 172639 O
Parents and Bazelne Placebo 10 33334 -- --
Caregivers Ivacaftor 11 718182 - - - -
Chrerall Placebo 10 784814 10 48973 7.2743 0.0300
Post-baselme Tyacaftor 11 844096 11 121715 (-1.0717,15.6203) ©
Pooled” Bazelme Placebo 37 T4.54%6 -- --
Ivacaftor 38 70.6141 - - -
Orrarall Placeba 37 73.14381 37 -0.6720 96105
Posthaseline Ivacaftor 38 802360 38 89385 (44874 147336 00
Source: Table 142321

Hotes: Sample statistics are unadjusted results. Analysis was conducted only when the mumber of subject with
results in each treatment group =3

Estimates were obtainad from MMEM, with abselute change from baseline as the dependent variabla; with
freatment, sequence, peried, and visit within period (Week 2, Week 4, and Waek £) as fixed effects with
subject nested within sequence as a random effect; and with adjustment for the continueons baseline values
of age, percent pradicted FEV,, and CFQ-F respiratory domain score using a compound symmetry

a

covariance matrix,
Poolad was defined a: all questionnaire versions except for the Parents and Caragivers version.

The Children of Ages 12 to 13 Years version was not analysed with MMRM due to sample size
constraints.

A responder analysis was conducted by categorizing the absolute change from baseline in the pooled
CFQ-R respiratory domain score through Week 8 as either =4 points or <4 points (which is considered
the minimal clinically important difference). During treatment with ivacaftor, the majority of subjects
(73.7%) had a =4 point increase from baseline in the CFQ-R respiratory domain score at Week 8;
during treatment with placebo, the majority of subjects (70.3%) had <4 point increase from baseline.

Tertiary Efficacy Variables
Pulmonary exacerbations

The number of events and model-based estimates of event rates of pulmonary exacerbations through
Part 1 (Week 20) are summarized in table below.
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Table 21. Number of Pulmonary Exacerbations, Part 1, Full Analysis Set

Ivacaftor Eate Ratia"

Event Type Statistics N=38 (95% CI) P value'
Total Mumber of Davs on Study 3001 - -
All Pulmonary Number of Subjects with Events g - -
Exacerbations’”  wymper of Event: 10 0.807 0.5637
(Event Eate) (0.159) (0386, 1.688)
Requining Iumber of Subjects with Events 2 - -
Hospitalization  Number of Events 2 - 0.4531
(Event Fate) (-] -
Fequining IMumber of Subjects with Events 3 - -
I_V antibiotic MNumber of Events 3 - 0.7266
Zerapy (Event Fate) {—=1 [

Source: Table 14251
Wotes: Estimates were obtained from negative binomial ragression with the number of events as the dependent
variable, freatment and sequence as fixed effects, and adjustment for baselme percent pradicted FEV| and

age, with log (ime on treatment pericd) as an offset.
Pulmonary exacerbation mncludes events that met the protocol defmition of pulmonary exacerbations (1e

treatment with new or changed antibiotic therapy for 24 sinepulmeonary signs/symptoms).

':Q_

Event rate and rate rafios were calenlated when the number of subjects with events in each treatment group

P values are from the freatment effect nsing negative binonual regrassion when the number of subjects with

events mn each treaiment zroup =3 and the model converged; otherwize, when the number of subjects with

events 15 <5, P values are from the Melemar test.

The mean (SD) duration of pulmonary exacerbations was lower during treatment with ivacaftor (2.92
[6.027] days) compared with placebo (4.43 [9.487] days), but this difference was not statistically
significant (P = 0.2166).

Figure below presents the survival curves by treatment group for time-to-first pulmonary exacerbation
in Part 1. Subjects received ivacaftor or placebo during the first 8 weeks of the curve; subsequent time
points represent the Washout Period when subjects did not receive study drug. The Washout Period

duration may have extended beyond 4 to 8 weeks for some subjects due to acute illness.
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Figure 5. Time-to-First Pulmonary Exacerbations, Part 1, Full Analysis Set
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Notes: The open cireles on the plot denote censored subjects. The shaded region from Week 8 to Week 24
represents the Washout Period when subjects did not receive study druz; the Washout Period may have
been extended bevond 4 to § weeks for some subjects dus to acute illness. The non-shaded region
represents the time subjects were actively treated with study drog (1.2, Treatment Pennod | and Treatment
Period ). The analysis mncluded Treatment Peniod | and Treatment Penod 2 (e, active treatment with
study dmgz) and the Washout Pertod when subjects did not recerve stody dug from Week 8 to Week 12,
Events that started (or mncreased in seventy) during the Washout Pennod were attmbuted to the treatmant
received in Treatment Period 1.

Change from baseline in weight

Change from baseline in weight through 8 weeks of treatment by LMM is summarized in table below.

Table 22. Absolute Change From Baseline in Weight (kg) by LMM, Part 1, Full Analysis Set

Change From

Treatment Effect

Visit or Time  Treatment Sample Statistics Bazeline {Ivacaftor vs Placebo)
Period Group u Mean n LS Mean Difference (95% CI Pyalue”
Bazeline Placebao 37 58.59 - -
Ivacaftor 38 5783 - - - B
Weaek B Placebo 37 5000 37 03425 ) 1.6674 i 0.0007
Ivacaftor 37 60.31 38 2.009% (0.7098, 2.6250) S

Source: Table 142,423

Iote: Sample statisties
a

affects, with adjustment for bazalme percant predicted FEV, and aze.
F value for the treatment effect 15 from the slope of weight (kg) versus time {days).

are unadusted resulis.
Eztimated change from bazeline par 56 davs was obtamed from a linear mixed modsl, with weizht as the
dependant vanable; with treatment. sequence, and peniod as fixed sffects; and with mtercept, visit (davs on
study, meheding 21l visits through Week B in each peniod), and treatment by visit interaction as random

Positive mean (SE) absolute changes from baseline in weight occurred by Week 2 and increased during
the 8-week Treatment Period.

The mean change from baseline for weight-for-age z-score through Week 8 is presented in table below
for patients 20 years of age or younger (CDC growth chart).
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Table 23. Absolute Change From Baseline in Weight-for-Age Z-Score by LMM, Part 1. Full Analysis Set

Change From Treatment Effect
Visit or Time  Treatment ample Statistics Bazeline" {Ivacaftor vs Placebo)
Period Group n Mean o LS Mean Difference (95% CI) P value"
Bazeline Placeba 17 0.1470 - --
Ivacaftor 1% 0.0652 - - - -
Wesk B Placebo 17 0.1464 17 -0.0397 0.2569 0.0002
Ivacaftor 18 02953 19 0.2172 (0.1248_0.3890) T

Sourca: Table 14242 4

Wotes: Sample statistics are unadjusted results. Weight-for-ags z-scores were caleulated wsing WCHS zrowth
charts.

Estimated change from bazeline per 56 days was obtamed from a lmear mixed model, with weizht-for-age
z-zcore as the dependent variable: with treatment, sequence, and peniod as fixed effects; and with mmtercept,
vizit (dayvs on study, meluding all visits through Week 8 m sach period), and treatment by visit intsraction
as random effects, with adjustment for baselne percent predicted FEV, and ags.

P value for the treatment effect 15 from the slope of weight-for-age z-score versus time {davs).

a

Change from baseline in height

Change from baseline in height through Week 8 by LMM is summarized in the table below.

Table 24. Absolute Change From Baseline in Height (cm) by LMM, Part 1, Full Analysis Set

Change From Treatment Effect
Visit or Time  Treatment  sample Statistics Baseline” (Ivacaftor vi Placebo)
Period Group n Mean n L% Mean Difference (95% CT) Pvalue”
Baseline Flacabe 28 1522 - -
Ivacaftor 30 1554 - - - -
Week B Flaceho 17 1453 16 0.5877 0.1832 0.5207
Ivacaftor 18 146.5 30 0.7709 {(-0.3807, 0.7471) -

Sourcae: Table 1424211

Mote: Sample statistics are unadjusted resulis.

*  Estimated change from baseline per 56 days was obtamed from a2 Imear mixed model, with height as the
dependent variable; with weatment, sequence, and period as fixed effects; and with infercept, visit (days on
stady, includimg zll vizits throngh Week 8 in each period), and treztment by vistt interaction as random
effects, with admstment for baseline percent predicted FEV, and age.

Falue for the treatment effect 15 from the slope of height {em) versus time (days).

Change from baseline in height through Week 8 was slightly greater during ivacaftor treatment
(0.7709 cm) than during placebo treatment (0.5877 cm), but the treatment difference (95% CI) of
0.1832 cm (-0.3807, 0.7471) was not statistically significant (P = 0.5207). The lack of statistical
significance may be attributed, in the MAH’s opinion, to the short duration of study drug treatment
(i.e., 8 weeks) and that the majority of subjects were adults (i.e., 218 years of age).

For subjects 20 years of age or younger, height-for-age z-scores were calculated using the CDC growth
chart. Change from baseline in height through 8 weeks of treatment is summarized by treatment group
in the table below. The treatment difference (95% CI) of 0.0209 cm (-0.0607, 0.1024) was not
statistically significant (P = 0.6130).
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Table 25. Absolute Change From Baseline in Height-for-Age Z- score by LMM, part 1, Full Analysis Set

Change From Treatment Effect
Visit or Time  Treatment —ample Statistcs Baseline" (Ivacaftor vz Placeba)
Period Group n Mean o LS Mean Difference (95% CI) P value"
Baseline Placebe 17 -0.5857 - -
Ivacaftor 15 0432 - B B
Week 8 Flacebo 17 05751 17 -0.0011 0.0209 0.6130
Ivacaftor 13 05ME 19 0.0187 (-0.0607, 0.1024) o

Source: Table 142423

Motes: Sample statiztics are unadjustad resulis, Height-for-age z-scores were caleulated wsing NCHS growth
charts.

Eztimated change from baseline per 56 days was obtamed Som 2 lmear mixed meodel, with herght-for-aze
z-zeore as the dependent variable; with treatment, sequence, and period as fixed effacts; and with mtercept,
vizit {davs on study, meluding all visits through Waek 8 in sach period), and treatment by visit inferaction
as random effects, with adjustment for baselne percent predicted FEV, and aze.

Fsralue for the treatment effect 15 from the slope of height-for-age z-scove versus time (days).

Change from baseline in inflammatory mediators (blood samples)

The mean concentrations and mean log-transformed concentrations of inflammatory mediators
(leukocytes, CRP, IgG, and IL-8) are presented in the table below.

Table 26. Absolute Change From Baseline in Inflammatory Mediator and Log-Transformed
Inflammatory Mediator Concentrations by MMRM, Part 1, Full Analysis Set

Sample Abzolute Change Treatment Effect
Treatment Statistic From Baseline” (Ivacaftor vs Placebo)
Visit or Time Period Group n Mean n  LSMean  Difference (95% CI) P value”
Leunkocytes (10%L)
Period Bazeline Flaceba T B3l - --
Tvacaftor 38 90958 - - - B
COrwerall Postbazeline  Flacebo 3T 791w 37 -0.4599 -0.8530 00537
Trvacaftor g 74223 38 -1.3130 (-1.7202,0.0142) o
Leukoeytes 10°L), Log-Transformed Data
Period Baszeline Flacebo T 08301 - --
Tvacaftor 18 09789 - -- - -
(Orverall Postbaseline Placebo 3T 09312 37 -0.0142 00392 0.0398
Trvacaftor 38 09092 38 -0.0534 {-0.0764 -0.0019) o
C-reactive Protein (nmalL)
Period Baseline Placebo 17T 53204 -
Ivacaftor 37T 6T.EBO1® - - - -
(Orverall Postbaseline Placebo T 622060 37 22423 -21.3978 01433
Trvacaftor 38 426539 37 -19.155% (-530.2791,7.4836) )
C-reactive Protein (nmol'L), Log-Transformed Data
Peniod Baseline Placebo 3T 12884 -
Tvacaftor T L4430 - - -
Overall Postbaszeline FPlacebo 37 1.3891 37 0.0442 2655 0.0050
Tvacaftor 38 11678 37 -0.2213 (-0.4472,-0.0838) o
Immunoglobulin & (/L)
Period Baselins Placebo 6 123892 - -
Tvacaftor 38 131074 - -- B B
Orverall Postbaseline Placebo 3T 127320 38 0.1579 06728 00157
Ivacaftor 38 124164 38 -0.5148 (-1.2127,-0.1329) e

Immunoglobulin G (g/L), Log-Transformed Data
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e g e ——— ——

Sample Abzolute Change Treatment Effect

Treatment Statistic From Baseline® (Ivacaftor vz Placeba)
Visit or Time Period Group I Mean n  LS5Mean  Difference (95% CI) P value”
Peniod Baseline Placebo 16 11034 -

Tvacaftor 1B 11288 - - -
Overall Postbaszaline Flacebo 37 1.1145 36 0.0051 00214 0.0143

Tvacafior 8 11077 38 00162 (-0.0383,-0.0043) T
Interlenkin-8 (pz/mL)
Period Baseline Placebo 17 131486 - -

Tvacaftor 37 143514 — - B B
Orverall Posthazeline Flacebo 37 150225 37 --

Tvacaftor 3B 112864 37 - - -
Interlenkin-8 (pz/mL), Log-Transformed Daia
Period Baselins Placebo 37 1.0871 - -

Fracaftor 3711327 — - B B
Overall Posthazaline Flacebo 37 10837 37 00151 00513 0.0316

Tvacaftor 8 10373 37 -0.0803 (-0.1168 -0.0058) o

Sources: Table 14.2.6.2 and Table 14263

Wotes: Sample statistics are unadjusted rasulis. Analvsis conducted only when the number of subjects with
results in each treatment sroup =5 and the model converged.

Estimates were obtained from MMEM, with absoluts change from bazelme (or m log-transformed
inflammatory mediaters, as applicable) as the dependent vaniable; with treatment, sequence, period, and
visit within pertod (Week 2, Week 4, and Waek 8) as fixed effacts with subject nested within sequence as
random effect; and with adjustoeent for the continuons baselme values of age, percent predicted FEV,, and
inflammatory mediaters (or log- transformed inflammatory mediators, as appliczble), using a compound
SFImetly COvVarlance matn.

Fvalue 15 the from the mam weatment effact.

Change from baseline in qualitative microbiological cultures

Shift from period baseline in qualitative microbiology cultures from throat swabs and sputum samples
is presented by treatment in the table below for 8 common or important microbiological organisms that
affect patients with CF: Achromobacter xylosoxidans, Burkholderia cenocepacia, Haemophilus
influenzae, P aeruginosa (small colony variant), P aeruginosa (mucoid), P aeruginosa (non-mucoid),
Staphylococcus aureus, and Stenotrophomonas maltophilia.

In general, shifts to higher or lower amounts of each microbe were sporadic and did not show any
patterns across the treatment groups; however, this analysis is limited by the small number of
subjects and a high incidence of unknown results for sputum samples.

Additional efficacy variables
Relative change from baseline in PPFEV1

The mean relative change from baseline in PPFEV1 through Week 8 was greater during ivacaftor
treatment (10.7549%) than during placebo treatment (-3.4147%); the treatment difference (95% CI)
of 14.1696% (9.8953, 18.4439) was statistically significant (P <0.0001).

Statistically significant treatment differences in relative change from baseline in PPFEV1 were detected
by Week 2 (first post-baseline time point assessed; 11.2346% [95% CI: 6.3175, 16.1517]; P
<0.0001) and increased through Week 8, with the largest treatment difference observed at Week 8
(17.7334% [95% CI: 12.8020, 22.6649]; P <0.0001).
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Change from baseline in additional spirometry endpoints (FEV1 (L), FVC, FEF25%-75%,
FEV1/FVC, Percent Predicted FVC, Percent Predicted FEF25%-75%, and PPFEV1/FVC)

The mean changes from baseline through Week 8 was greater in the ivacaftor group than in the
placebo group for all parameters analysed; these differences were statistically significant (P <0.01).

Ancillary analyses

Subgroup analyses were performed for primary and secondary endpoints. Comparisons were made
between treatment groups within subgroup categories as follows for both the primary and secondary
endpoints:

e Age Group at Baseline (6 to 11 years [inclusive], 12 to 17 years [inclusive], and =18 years)
e PPFEV1 Severity at Baseline (<70%, 70% to 90% [inclusive], and >90% predicted)
e Geographic Region (North America and Europe)

e Sex (Female and Male)

P aeruginosa Infection Status at Baseline (Yes and No)

The following subgroup comparison was made between treatment groups only for the secondary
endpoints:

e Change From Baseline in PPFEV1 at Week 8 During Ivacaftor Treatment (=25% and <5%)

The tables below show these results.

Table 27. Subgroup Analyses of Primary and Secondary Endpoints by Age Group at Baseline, Percent
FEV1 at Baseline, and Geographic Region, Part 1

Treatment Difference Versus Placebo (95% CI)

P Value
Subject Age (vears) Baseline Percent Predicted FEV) Geographic Region
Gto 11 12 to 17 =18 <=70% =T0% to =00% =00% N. America Europe
Absolute Change From Baseline in Percent Predicted FEV; (%)”
N=83§ N=2511 N=20:1% N=1313 N=11:11 N=1314 N=21:21 N=16:17
5.1788 91454 86598 7.9698 9.0362 98877 6.1305 11.7607
(-4.5696, 14.9272) (3.4067, 14.8840) (4.7096, 12.6101) (3.5024, 12.4373) (4.0151, 14.0573) (3.2127, 16.53627 (2.9258,9.3352) (5.6163, 17.9052)
0.2531 0.0052 0.0001 0.0013 0.0019 0.0067 0.0006 0.0009
Absolute Change From Baseline in BMT (kg/m?)™*
N=88 N=911 N=20:19 N=1313 N=11:11 N=1314 N=211:21 N=16:17
09133 0.6339 0.5783 0.7533 04230 0.7694 0.6391 0.6950
(0.2568. 1.5738) (0.0124, 1.2554) (0.1603, 0.9963) (0.2611, 1.2456) (-0.1458, 0.9958) (0.2173,1.3216) (0.2044, 1.0739) (02222, 1.1677)
0.0075 0.0457 0.0071 0.0032 0.1417 0.0069 0.0043 0.0044
Absolute Change From Baseline in BMI-for-Age Z-score™™?
N=0:11 N=0:0 N=22 N=29:10 N=0:10 N=829
0.2503 NA NA 0.3553 0.2807 02918
(0.0446, 0.4364) (0.1853, 0.5250) (0.0334, 0.5281) (00690, 0.5145)
0.0181 0.0001 0.0269 00114
Absolute Change From Baseline in Sweat Chloride (mmol/L)™*
N=3838 N= 9811 N=120:1% N=1313 N=11:11 N=1313 N=21:20 N=16:17
NA -51.1909 -45.1011 323 -60.2924 -51.3602 -54.7133 -42.7760
(-66.7448.-33.6371) (-35.2262,-349760) (-533. -20.0869) (-77.2211,-433637) (-39.0944.-43 6260) (-62.4992 -469274) (-39.1832.-26.3669)
<0.0001 <0.0001 0.0006 <0.0001 <0.0001 =(.0001 <0.0001
Absolute Change From Baseline in CFQ-R Respiratory Domain Score (points): Pooled Analysis™
N=8538§ N= 9811 N=20:1% N=1313 N=11:11 N=1314 N=21:121 N=16:17
11.2925 8.0980 10,5969 11.1053 11.5497 83024 84521 0.7827
(-4.2536, 26.8386)  (-4.4151. 20.6111) (3.3680, 17.6257) (3.0203, 19.1903) (2.4271, 20.6723) (-3.3333, 19.9381) (03715, 16.5328) (3.6864. 15.8790)
0.1350 0.1801 0.0043 0.0099 0.0170 0.1307 0.0409 0.0033
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Sources: Table 14.2.1.2.4, Table 142223, Table 14.2.3.2.3, Table 1424.2.7, and Table 142428

Notes: Number of subjects (IN) is presented as placebo: ivacaftor. Analysis conducted only when the number of subjects with results in each treatment group was
=5

Estimates were obtained from MMRM. with absolute change from baseline as the dependent variable; with treatment, sequence, period. and visit within
period (Week 2. Week 4, and Week 8) as fixed effects; with subject nested within sequence as a random effect; and with adjustment for the continuous
baseline values of age and percent predicted FEV; and corresponding baseline value of the analyzed variable, using a compound symmetry covariance
matrix. For the subgroups of percent predicted FEV severity and age, no adjustment was made for baseline percent predicted FEV, and age, respectively
Estimated change from baseline per 56 days was obtained from linear mixed models conducted by subgroup, with BMI or BMI-for-age z-score as the
dependent variable: with treatment. sequence, and period as fixed effects: and with intercept. visit (days on study through Week 8), and treatment by visit
interaction as random effects, adjusted for baseline percent predicted FEV, and age. For the subgroups Percent Predicted FEV,; Severity and Age. models
include no adjustment for baseline Percent Predicted FEV, and age, respectively.

¢ Pvalue for the treatment effect is from the slope of BMI (kg/m") or BMI-for-age z-score versus time (days).

BMI-for-age z-score 1s calculated using NCHS growth charts.

®  Analysis conducted only when the number of subjects with results in each treatment group =5 and the model converged.

* Pooled is defined as all questionnaire versions except for the Parent/Caregiver version.

Table 28. Subgroup Analysis of Primary and Secondary Endpoints by Subject Sex, P Aeruginosa
Infection Status at Baseline, and >5% and <5% Change From Baseline in PPFEV1 At Week 8 During
Ivacaftor Treatment, Part 1

Treatment Difference Versus Placebo (95% CI)

P Value
Change From Baseline in Percent Predicted FEV; at
Subject Sex P aeruginosa Infection Status at Baseline Weelk 8 of Ivacaftor Treatment
Male Female Yes No =5% =5%
Absolute Change From Baseline in Percent Predicred FEV, (%0)°
N=2222 N=15:16 N=20:19 N=17:19 NA NA
8.7833 8.0494 7.4846 80704 NA NA
(3.3648, 142017) (4.4461. 1.6528) (3.1328 11.8365) (3.6263.12.5146)
0.0027 0.0001 0.0018 0.0010
Absolute Change From Baseline in BMI (kg.-"ml}b
N=2222 N=15:16 N=20:19 N=17:19 N=19:20 N=18:18
0.6896 0.6169 0.8918 0.4248 0.6027 7318
(0.2331, 1.1260) (0.1386. 1.0931) (0.4238, 1.3598) (0.0393, 0.8102) (0.2036, 0.9998) (0.2101, 1.2534)
0.0022 0.0121 0.0003 0.0311 0.0033 0.0064
Absolute Change From Baseline in BMI-for-Age Z-score”™
N=11:11 N=63 N=33 N=12:14 N=3510 N=&%
0.2048 0.2639 0.5855 0.1380 0.2367 0.3238
(0.0894, 0.5003) (-0.0162, 0.5481) (0.2563, 0.9147) (-0.0207, 0.3366) (0.0102, 0.4631) (0.0933,0.5343)
0.0056 0.0639 0.0011 0.0822 0.0409 0.0068
Absolute Change From Baseline in Sweat Chloride (11111101.-'].)"“1
N=2221 N=15:16 N=1T: N=1%19 N=18:18
-45.4918 -54.1873 -52.48534 -46.3512 -52.8373
(-537.7603, -33.2233) (-64.2248. -44.1497) (-64.5158, -40.4549) (-39.7663, -32.9360) (-60.5540,-45.1205)
=0.0001 =0.0001 =0.0001 =0.0001 =0.0001
Absolute Change From Baseline in CFQ-R Respiratory Domain Score (points): Pooled Analysis™®
N=2222 N=15:16 N=20:19 N=17:19 N=1920 N=18:18
10.7640 7.0890 13.6021 42778 4.0411 16.3948
2.7952, 18.7329) (-0.1194, 14.2974) (6.7009.20.4943) (-3.3627.11.9183) (-2.4474, 10.5296) (8.15346, 24.6351)
0.000% 0.0536 0.0004 0.2598 0.2107 0.0004

Sources: Table 14.2.1.2.4, Table 14.2.2.2.3, Table 14.2.3.2.3, Table 14.2.42.7, and Table 142,428

Notes: Number of subjects (IN) is presented as placebo: ivacaftor. Analysis conducted only when the number of subjects with results in each treatment group
was 3.

Estimates were obtained from MMEM, with absolute change from baseline as the dependent variable; with treatment, sequence, period, and visit within
pertod (Week 2. Week 4, and Week 8) as fixed effects; with subject nested within sequence as a random effect; and with adjustment for the continuous
baseline values of age and percent predicted FEV and corresponding baseline value of the analyzed variable, using a compound symmetry covariance
matrix. For the subgroups of percent predicted FEV severity and age, no adjustment was made for baseline percent predicted FEV, and age, respectively.
Estimated change from baseline per 56 days was obtained from linear mixed models conducted by subgroup. with BMI or BMI-for-age z-score as the
dependent variable: with treatment. sequence, and period as fixed effects: and with intercept. visit (days on study through Week 8), and treatment by visit
interaction as random effects, adjusted for baseline percent predicted FEV, and age. For the subgroups Percent Predicted FEV, Severity and Age, models
include no adjustment for baseline Percent Predicted FEV; and age. respectively.

¢ Pwalue for the treatment effect is from the slope of BMI (kg/m*) or BMI-for-age z-score versus time (days).

Analysis conducted only when the number of subjects with results in each treatment group =5 and the model converged.

Pooled 15 defined as all self-reporting questionnaire versions, except for the Parent/Caregiver version.

Efficacy results by non-G551D gating mutation

Upon CHMP request the MAH conducted subgroup analysis by the non-G551D gating mutation. The
following table displays in vitro (fold change over baseline in chloride transport) and clinical (mean
[SD] absolute change at week 8 in sweat chloride and in PPFEV1) in the ivacaftor group in study 111
by non-G551D gating mutation.
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Table 29. In vitro (fold change over baseline in chloride transport) and in vivo (absolute change in
sweat chloride and in PPFEV1) of ivacaftor treatment by non-G551D gating mutation

Non-G551D gating mutation In vitro fold Mean (SD) Mean (SD)
(number of patients change over absolute change absolute change in
available for analysis in the baseline in in sweat chloride PPFEV1 (Week 8)
ivacaftor group at week 8) chloride transport (Week 8)

G178R (n=5) 30.1 -52.5 (13.5) 8.4 (7.9)
S549N (n=6) 59.8 -74.3 (15.4) 11.3 (9.8)
S549R (n=4)* >20.0 -60.7 (8.8) 5.2 (7.4)
G551S (n=1) 16.2 -68.0 3.1

G970R (n=4) 30.5 -6.3 (6.6) 2.6 (2.7)
G1244E (n=5) 129.7 -55.1 (18.1) 8.4 (8.7)
S1251N (n=8) 25.2 -54.4 (23.4) 8.7 (13.0)
S1255P (n=2) 73.1 -77.8 (6.0) 3.1 (6.5)
G1349D (n=2) 46.7 -80.3 (1.8) 19.7 (23.6)

*n=3 available for the analysis of absolute change in sweat chloride
Predictability of the effect of ivacaftor

To give further support to the results obtained in study 111 after 8 weeks of treatment with ivacaftor,
predictability of efficacy results through week 24 based on results through week 8 has been assessed
by the MAH in two ways. First by providing a correlation between the Week 8 and Week 24 value for
absolute change in PPFEV1 for the ivacaftor group that was 0.67884 (P <0.0001) in study 102 and
0.86614 (P <0.0001) in study 103, supporting in the MAH’s opinion the utility of the Week 8 values in
predicting the Week 24 treatment effect. And second, by performing a post-hoc analysis on the
persistence of FEV1 response for subjects in the ivacaftor treatment group based on the value
observed at Week 8. This analysis found that 60 (72%) of 83 subjects in study 102 maintained the
same status of improvement at Week 24: 52 who had a =5 percentage-point improvement at both
time points and 8 who had a 20 to <5 percentage-point improvement at both time points. In Study
103, 19 (73%) of 26 subjects maintained the same Week 8 status of improvement at Week 24: 16
who had a =5 percentage-point improvement at both time points and 3 who had <0 percentage-point
improvement at both time points. Secondary efficacy variables in study 102 and 103 have also been
analysed in this regard.

Predictive potential of the sweat chloride test

The MAH was requested to discuss the predictive potential of the sweat chloride test in identifying
which patients would benefit from continuation of the therapy. This has been accomplished by the MAH
as follows. First, an analysis of data from ivacaftor treated patients in study 111 has been performed
aimed at determining the correlation of (change in) sweat chloride values with changes in FEV1, BMI
and the respiratory domain of CFQ-R at week 8. No correlation was found as shown by Pearson’s
correlations of -.0931, -.0473 and -.0877 respectively indicating that there is no linear relationship
between the variables studied. Other analyses using changes in PPFEV1 did not show any correlation
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either. The MAH also discussed 3 papers where this concept has been investigated. Two of them?! 12
conclude that there is no correlation between the reduction in sweat chloride seen with ivacaftor in
phase 3 studies in patients with a G551D-CFTR mutation and improvement in lung function (measured
as FEV1). Third paper!3 reached the same conclusion using a different patient population. The paper by
Seliger et al (2013) investigated additionally the use of sweat chloride changes at day 15 as a
predictive marker of response (i.e. an increase in FEV1 > 5%) to ivacaftor at week 16 using data from
phase 3 studies in patients with a G551D-CFTR mutation. Two thresholds (sweat chloride concentration
< 80 mmol/L, and a raw change in sweat chloride = 20 mmol/L) were used to calculate Positive
Predictive Value (86.3%), sensitivity (73.9%), Negative Predictive Value (65.5%), and specificity
(80.9%) for an improvement in FEV1 of >5% from baseline at week 16. The Negative Predictive Value
of both thresholds combined is 65.5%, i.e. if the combined threshold is not reached the probability that
the improvement in lung function can be achieved is still high, discouraging (in the opinion of the
authors) the use of sweat chloride as a tool to identify ivacaftor non-responsive patients. Of note is
that the improvement in FEV1 of equal or above 5% is based on FEV (L) rather than on PPFEV1.

Summary of main study

The following table summarise the efficacy results from the main study 111 supporting the present
application. This summary should be read in conjunction with the discussion on clinical efficacy as well
as the benefit risk assessment (see later sections).

Table 30. Summary of Efficacy for trial VX12-770-111

A Phase 3, Two-part, Randomized, Double-blind, Placebo-controlled, Crossover Study With an Open-
label Period to Evaluate the Efficacy and Safety of Ivacaftor in Subjects With Cystic Fibrosis Who Have
a Non-G551D-CFTR Gating Mutation

Study identifier

Protocol VX12-770-111

Design

Randomized, double-blind, placebo-controlled, two-part study (Part 1: 8-week
crossover part with a 4 to 8 week wash-out followed by Part 2: 16-week
open-label period).

Duration of main phase:

Two treatment periods of 8-week duration
each separated by a 4 to 8-week washout
period, i.e. 20- to 24-week crossover study.

Duration of Run-in phase:

Day -14 (£2 days) relative to first dose of
study drug in Treatment Period 1

Duration of Extension phase:

16 weeks (up to a total length of treatment
with ivacaftor of 24 weeks)

Hypothesis

Superiority (not explicitly formulated)

Treatments groups

Treatment Sequence 1 (each
sequence has two Treatment

Periods)

Ivacaftor 150 mg every 12 hours in Treatment
Period 1 (8 weeks) — washout — placebo of
ivacaftor in Treatment Period 2 (8 weeks), 20
randomised patients

Treatment Sequence 2 (each
sequence has two Treatment

Placebo of ivacaftor in Treatment Period 1 —
washout — ivacaftor 150 mg every 12 hours

Periods) in Treatment Period 2, 19 randomised patients
Primary PPFEV1, 8 Absolute change from baseline in PPFEV1
endpoint weeks through Week 8 (%)

11 Durmowicz AG, Witzmann KA, Rosebraugh CJ, Chowdhury BA. Change in sweat chloride as a clinical endpoint in cystic
fibrosis clinical trials: the ivacaftor experience. Chest. 2013;143(1):14-8.

12 Seliger VI, Rodman D, Van Goor F, Schmelz A, Mueller P. The predictive potential of the sweat chloride test in cystic
fibrosis patients with the G5510 mutation. J Cyst Fibros. 2013;12(6):706-13.

13 Barry PJ, Jones AM, Webb AK, Horsley AR. Sweat chloride is not a useful marker of clinical response to ivacaftor. Thorax.
2013; Nov 20. doi: 10.1136/thoraxjnl-2013-204532 [Epub ahead of print].
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Endpoints and

definitions

Secondary | BMI, 8 weeks Absolute change from baseline in BMI at 8
endpoint weeks of treatment (kg/m?2)
Secondary | Sweat chloride, | Absolute change from baseline in sweat
endpoint 8 weeks chloride through 8 weeks of treatment
(mmol/L)
Secondary | Respiratory Absolute change from baseline in the
endpoint domain score of | respiratory domain score of the pooled CFQ-R
the pooled CFQ- through Week 8 (Pooled questionnaire
R, 8 weeks analyses were defined as all questionnaire
versions except for the Parents and
Caregivers version)

Database lock

25 June 2013 (Part 1)

Results and Analysis

Analysis description

Primary Analysis

Analysis population
and time point
description

Full analysis set — all randomized patients who received at least 1 dose of
study medicine (i.e., ivacaftor or placebo). Patients were analysed according
to the study medicine to which they were assigned at/through week 8 of

Descriptive statistics
and estimate
variability

treatment.

Treatment group Ivacaftor Placebo
Number of subjects 37 37
FEV: 8 weeks, )

LS Mean 7.4868 3.1912
Standard error 1.2292 1.2459
BMI 8 weeks, LS 0.6787 0.0163
mean

Standard error 0.4948 0.4954
*Sweat chloride 8

weeks, LS mean -52.2801 -3.1134
Standard error 2.7210 2.7172
Respiratory domain

pooled CFQ-R 8 8.9385 -0.6720
weeks, LS mean

Standard error 1.8178 1.8475

Effect estimate per
comparison

Primary endpoint

Ivacaftor vs. Placebo

PPFEV1, MMRM | 10.6780
95% CI | 7.2559, 14.1000
P-value | <0.0001

Secondary endpoint

Ivacaftor vs. Placebo

BMI, LMM | 0.6624
95% CI | 0.3366, 0.9881
P-value | <0.0001

Secondary endpoint

Ivacaftor vs. Placebo

Sweat chloride, MMRM | -49.1667
95% CI | -56.9527, -41.3807
P-value | <0.0001
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Secondary endpoint Ivacaftor vs. Placebo

Respiratory domain, | 9.6105
pooled CFQ-R, MMRM

95% CI | 4.4874, 14.7336

P-value | 0.0004

Notes *Sweat chloride: n=36

Analysis description A number of tertiary endpoints (including pulmonary exacerbations),
additional spirometry variables and subgroup analyses have also been
performed.

2.4.3. Discussion on clinical efficacy
Design and conduct of clinical studies

Study VX12-770-111 (study 111) was a phase 3, two-part, randomized, double-blind, placebo-
controlled, crossover study with an open-label period to evaluate the efficacy and safety of ivacaftor in
subjects with cystic fibrosis who have a non-G551D-CFTR gating mutation. The crossover period (Part
1) was immediately followed by a (currently) finished 16-week open-label period (Part 2) to provide
efficacy and safety results for a total of 24 weeks of treatment with ivacaftor. This submission is based
on the double-blind crossover period data (Part 1).

In Part 1 of the study patients were randomized 1:1 to receive 1 of 2 Treatment Sequences during 8-
week Treatment Periods. The washout period lasted for 4 to 8 weeks. Based on the time frame of
response in studies 102 and 103, the 8-week duration of the Treatment Periods was expected to be
sufficient to demonstrate a treatment effect and pattern of response in CF patients with a CFTR gating
mutation other than G551D. This study was the subject of a CHMP Follow-Up Protocol Assistance
where the short term duration was endorsed provided that results were consistent with those of prior
studies in patients with a G551D-CFTR mutation.

Part 2 of study 111 has finished and the final CSR is expected to be available by June 2014. It should
be provided as soon as it is available. Submission of results of this study is foreseen in the RMP.

Patients with a confirmed diagnosis of CF (defined as chronic sinopulmonary disease AND a sweat
chloride value 260 mmol/L or 2 CF-causing mutations), aged 6 years and older, with at least 1 allele of
the following CFTR gating mutations G178R, S549N, S549R, G551S, G970R, G1244E, S1251N,
S1255P, and G1349D were enrolled. In addition, patients must have had 240% predicted FEV1 based
on the Hankinson (male subjects 18 years and older and female subjects 16 years and older) or Wang
(male subjects aged 6 to 17 years and for female subjects aged 6 to 15 years) equations. Patients
having a G551D mutant CFTR allele were excluded as its presence was expected to hamper the
interpretation of the study results.

A minimum of 20 subjects and a maximum of approximately 40 subjects were planned to be enrolled
but no criterion was given upfront to determine the final sample size. Therefore, the MAH was
requested to provide justification for the Standard Deviation (SD) used to estimate the study sample
size. The MAH have clarified that the standard deviation of 8% corresponds to the mean of the SD of
the ivacaftor and placebo groups at week 8 in studies 102 and 103. This is acceptable.

Forty-two patients were screened and 39 randomised in a 1:1 ratio to Treatment Sequence 1 (ivacaftor
150 mg every 12 hours — washout period — placebo) or Treatment Sequence 2 (placebo — washout

Kalydeco II-09
EMA/CHMP/360053/2014 Page 60/90



period — ivacaftor 150 mg every 12 hours). In addition, patients were stratified for age (6 to 11 years,
12 to 17 years, and >18 years) and FEV1 severity (<70%, >70% to <90%, and >90%).

Three screened patients were not randomised and three randomised patients discontinued Part 1 of
study 111. As not all of the patients enrolled received study drug treatment in Treatment Period 2, the
numbers per treatment were lower than the total number of subjects enrolled in the study. Thirty-eight
(38) patients who received ivacaftor and 37 patients who received placebo were evaluable for efficacy
analysis.

The majority of patients in both Treatment Sequences were White (75.0% in Treatment Sequence 1
and 73.7% in Treatment Sequence 2) and of non-Hispanic or Latino ethnicity. The mean age was 23.8
years (range: 6 to 57) in Treatment Sequence 1 and 21.7 years (range: 6 to 47) in Treatment
Sequence 2; there were 19 patients overall in the <18 years subgroup and 20 patients overall in the
18 years subgroup. Patients were enrolled in North America (22 [56.4%] subjects) and the EU (17
[43.6%] subjects).

Mean baseline sweat chloride value (overall 97.54 mmol/L) and mean PPFEV1 at baseline (overall
78.39%) were similar between the two Treatment Sequences. However, in Treatment Sequence 1 the
minimum sweat chloride value was 12 mmol/I, i.e. completely within the normal range. This patient
was a 57-year-old White female with CFTR genotype S1251N/F508del. At Day 1 (start of study drug
dosing), she had a PPFEV1 value of 43.27% and a sweat chloride value of 12 mmol/L. After 8 weeks of
ivacaftor treatment her PPFEV1 was 53.91% and her sweat chloride 5 mmol/L. The low baseline sweat
chloride value and the presence of a hyperimmunoglobulin E syndrome that courses (among others)
with sinus and lung (staphylococcal) infections of repetition that lead to chronic cystic lung disease as
one of the later features of the disease question whether the lung phenotype of this patient indicates
cystic fibrosis. However, the subgroup analysis by non-G551D gating mutation supports the efficacy of
ivacaftor in patients with the S1251N-CFTR mutation and an exploratory analysis excluding this patient
showed consistency with those of the analysis including this patient.

Maximum PPFEV1 was 118.7%. Distribution per PPFEV1 category was as follows: 7 patients (35%) in
Treatment Sequence 1 and 6 (31.6%) in Treatment Sequence 2 had a baseline PPFEV1 of less than
70%. In the category from =70% to <90% these figures were 6 (30%) and 6 (31.6) respectively.
Last, the number and percentage of patients with a PPFEV1 higher than 90% was 7 (35%) and 7
(36.8%) in Treatment Sequences 1 and 2, respectively.

The study intended to enrol a minimum of 2 patients per non-G551D mutation. The most frequent
CFTR genotype was S1251N/F508del with 4 patients per Treatment Sequence, i.e. a total of 8 patients.
Most subjects had the class II F508del mutation on the second CFTR allele (24 out of the 39 subjects).

Although the MAH concluded that the demography of subjects was generally balanced between the two
treatment sequences there seems to be an uneven distribution of some factors between treatment
seqguences.

Mean body weight (Kg) was 59.8 Kg in Treatment Sequence 1 as compared to 55.1 in Treatment
Sequence 2. However, the maximum body weight quoted in Treatment Sequence 2 is 126 kg. This
body weight corresponds to a 39-year-old White male patient whose CFTR genotype was
F508del/G1349D. At Day 1 (start of placebo dosing), he had a PPFEV1 value of 84.5%, a sweat
chloride value of 104.5 mmol/L, and a BMI of 38.5 kg/m2. After 8 weeks of ivacaftor treatment his BMI
was 40.0 kg/m2, his PPFEV1 was 85.0% and his sweat chloride value was 15 mmol/L. Concomitant
medications as well as his medical history support the diagnosis of cystic fibrosis with pancreatic
insufficiency. The MAH states that obesity is increasingly seen among patients with cystic fibrosis and
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refer to literature!* where the prevalence of overweight/obesity in a cross-sectional study of 68
patients with cystic fibrosis at a single centre in Greece was reported as 13.2% (9/68) using the 2005
Cystic Fibrosis Foundation criteria. The authors conclude that certain degree of obesity (i.e. below 23
kg/m2) in CF appears to exert a rather positive effect on lung function contrary to what is known about
its role in non-CF populations. Overweight/obese patients in this study had pancreatic sufficiency
(89.9%), mutations other than F508del (66.7%) and no traits of the metabolic syndrome. This does
not seem to be the case of the obese patient enrolled in study 111 as he had pancreatic insufficiency
and carried an F508del-CFTR mutation. There seems to be two additional patients with a BMI above 30
kg/m2 with a genotype that involves the CFTR mutations G1244E and S549N. There are also a number
of patients in study 111 with a BMI above 25 kg/m2.

Genotype by gating mutation was evenly distributed except for G1244E-CFTR mutation (one patient in
Treatment Sequence 1 and 4 patients in Treatment Sequence 2).

CFTR mutations may cause CF or be associated with CFTR-related disorders but they also may have no
clinical consequences or have unknown or uncertain clinical relevance!>. All of the non-G551D gating
mutations discussed are missense mutations for which the clinical role is difficult to assess. Therefore,
it seems important to ensure that patients enrolled in study 111 had a clinical phenotype that is
consistent with the clinical picture of CF as requested per inclusion criteria. The diagnostic criteria used
in study 111 are in line with consensus recommendations. However, of the three main pillars on which
the diagnosis of cystic fibrosis is based the great are of uncertainty is related to the decision on
whether the mutations present are disease-causing. This is particularly the case of missense mutations
such as the non-G551D gating mutations considered in this procedure. Therefore, it would appear that
requiring two disease-causing mutations and a compatible clinical (lung disease) and biochemical (i.e.
sweat chloride values well in the range of the disease) phenotype (rather than two disease-causing
mutations or a sweat chloride 260 mmol/L) could have overcome issues related to patients/mutations
having a normal sweat chloride or borderline values.

The data provided show that 14 (70%) patients in Treatment Sequence 1 and 17 (89.5%) in
Treatment Sequence 2 were pancreatic insufficient while 19 (95%) and 19 (100%) had CF lung
disease.

The number of patients receiving pancreatic enzyme replacement therapy was 26, below the number
of 31 who had pancreatic insufficiency. Overall, 65% (13) of patients and 36.8% (7) of patients in
Treatment Sequences 1 and 2 respectively received or were receiving inhaled antibiotics. The number
of bacterial carriers per Treatment Sequence was 4 (20.0%) and 2 (10.5%) respectively. On the other
hand, the subgroup analysis by P aeruginosa infection status at baseline shows that the percentage of
patients on placebo and ivacaftor who were positive for this variable was 54.1% (20 patients) and
47.4% (19), respectively. Nine patients on placebo (24.3%) and 8 on ivacaftor (21.1%) were receiving
tobramycin while these figures for colistimethate sodium were 24.3% (9 patients) and 18.4% (7
patients), respectively.

Overall, there seems to be some mismatch between the number of patients with the above conditions
and the numbers receiving medications intended for these conditions, e.g. there seems to be
discrepancies between the numbers of patients who were positive at baseline for P aeruginosa infection
and the number of patients who received inhaled antibiotics. It would have been desirable that the

14 panagopoulou P, Maria F, Nikolaou A, Nousia-Arvanitakis S. Prevalence of malnutrition and obesity among cystic fibrosis
patients. Pediatr Int. 2013. doi: 10.1111/ped.12214 [Epub ahead of print].

15 Castellani C et al. Consensus on the use and interpretation of cystic fibrosis mutation analysis in clinical practice. Journal
of Cystic Fibrosis 7 (2008) 179-196.
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patient population had been better characterised in terms of P aeruginosa lung infection/colonisation
and in terms of patients receiving inhaled antibiotics for this reason.

The primary efficacy variable of study 111 was the absolute change from baseline in PPFEV1 through 8
weeks of treatment which is the recommended primary clinical endpoint in efficacy studies for CF given
that lung function in CF declines with age and is a significant predictor of mortality. The primary
efficacy analysis was based on a Mixed Effects Model for Repeated Measures (MMRM) in the Full
Analysis Set. Sensitivity analyses to assess the robustness of the primary analysis were also
performed.

Overall, the methods of the study 111 are considered acceptable and this study is deemed suitable to
investigate efficacy in the particular CF genotypes.

Efficacy data and additional analyses

The mean absolute change from baseline in PPFEV1 through Week 8 by MMRM was greater during
ivacaftor treatment (7.4868%) than during placebo treatment (-3.1912%). The estimated treatment
difference (95%CI) for ivacaftor versus placebo was 10.6780% (7.2559, 14.1000). Statistically
significant treatment differences were observed by Week 2 (first post-baseline time point assessed;
8.3142% [95% CI: 4.5109, 12.1175]) and were sustained through Week 8 (13.7554% [95% CI:
9.9414, 17.5694]. Sensitivity analyses supported the results of the main analysis.

The responder analysis of changes in PPFEV1 as well as the waterfall plot provided showed, however,
that there were a number of patients whose FEV1 deteriorated while on ivacaftor. As a consequence,
the MAH was asked to provide the individual narratives of these patients. The narratives of seven
patients were discussed. Two of these patients with genotypes S1251N/F508del and S549N/G542X had
the maximum decreases during ivacaftor treatment, i.e. -19.57 at week 8 and -6.97 at week 4,
respectively. While it was stated that patient S1251N/F508del experienced a pulmonary exacerbation
during ivacaftor treatment, the narrative of the patient with the genotype S549N/G542X did not offer
any reasonable explanation for the observed decrease in FEV1 at week 4, nevertheless, the patient
experienced a much more pronounced decline in FEV1 during placebo-treatment (-21.55).The
remaining patients with genotypes S549R/F508del, G178R/L1077P, G1244E/F508del, S1255P/Q1313X
and G970R/F508del had more limited decreases in lung function that ranged from -3.53 to -0.78.

Patients in the placebo group showed a decline in PPFEV1 that seems relatively rapid and consistent,
but that has not been observed in the placebo arm of studies 102 and 103. In case this trend had
continued during the 4-8 weeks washout period, the baseline PPFEV1 values of these patients in
Sequence 2 would have been significantly lower than those of patients who were treated with ivacaftor
in Sequence 1. As a consequence, the MAH was requested to address a possible inconsistency across
studies in this regard and to provide the baseline characteristics and efficacy data separately for
Sequence 1 and Sequence 2 (for both groups of patients, i.e. placebo-treated and ivacaftor-treated). It
has been shown that outcomes at week 8 in studies 102 and 103 are similar to those observed in
study 111. This is the case not only for the point estimates of the difference between treatments but
also for the 95% confidence intervals that show a high degree of overlap. However, the absolute
change from baseline trough week 8 in the placebo group differs between study 111 and studies 102
and 103 as shown by a mean change of -0.2 and -1.7 in studies 102 and 103 respectively and -5.85 in
study 111. This relatively rapid and consistent decrease in FEV1 in study 111 could not be fully
explained by the MAH. It is argued that likely the small humbers and the inherent variability in the
disease may partially explain this issue. The response also shows that variability (assessed based on
standard deviations) was systematically lower in the placebo group of the three studies than in the
ivacaftor group.
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Regarding the placebo group, the statistical MMRM model included sequence, treatment, period, and
visit within period as fixed effects, study baseline value and age as covariates, and subject nested
within sequence as the random effect. Therefore and taking into account the effects included in that
model, it would be the sequence effect, confounded with a carry-over effect in a 2x2 design, which
might be considered as a potential source of concern in the analysis but not the period effect. In
principle, despite the lack of statistical significance of the sequence effect, that term might be still
considered as a source of concern in case of relevant clinical magnitude. However, given the relatively
small sample size and the observed magnitudes this is not the case. In summary, with the current data
there is no evidence of a statistically or clinically relevant carry-over effects which could impair the
interpretation of the study results.

Subgroup analyses of the main efficacy variable should be viewed with caution due to the small
numbers but it is noticed that patients enrolled in the USA showed a lower mean absolute change from
baseline in PPFEV1 of 6.1% as compared to that of patients enrolled in Europe (11.8%). No full
explanation for the observed numerical difference in response seen between the two regions was
provided, but this difference, in the opinion of the MAH, lacks clinical relevance given the overlap in the
95%CI intervals of the difference between treatments in the two regions. This can be accepted but it
cannot be excluded that the patient population enrolled in these two regions could differ in some
characteristics (e.g. the 4 patients with the G970R-CFTR mutation have been all enrolled in Europe) or
that there could be differences in the standard of care that may help to explain this observation. As the
overall results of the trial should be considered, no additional issues are raised in this regard.

Children aged 6 to less than 12 years showed a smaller change in PPFEV1 (5.2%) as compared to
adolescents (9.2%) and adults (8.7%). The small number of children (overall n=8) and often the poor
reproducibility of pulmonary function in them likely influenced the change in PPFEV1 seen in this
population.

The presence of P aeruginosa infection at baseline (20 patients on placebo and 19 patients on
ivacaftor) had little impact on the change in PPFEV1 (7.5% vs. 8.1% for those not having P aeruginosa
infection at baseline).

Subgroup analysis by the non-G551D gating mutation was not initially performed. The MAH rationale
that “... a reliable analysis of efficacy and safety results by genotype was not feasible because each
mutation was only represented by a small number of patients” is acknowledged. However, given the
potential heterogeneity of the patient population it was considered that an analysis by non-G551D
gating mutation considering also the mutation in the second allele should have been provided and
discussed as this could facilitate a more detailed evaluation on the consistency of efficacy across
genotypes. As a consequence, these subgroup analyses were performed and discussed by the MAH.
Efficacy results were presented and summarised at different points in time for the endpoints studied
and for every non-G551D mutation. Results (confined to the changes in sweat chloride and PPFEV1)
are shown for patients treated with ivacaftor in Table 29 of this report.

As stated in the section on clinical pharmacology the analysis of the relationship between in vitro
(either as fold change over baseline in chloride transport or as percent of normal with ivacaftor) and in
vivo data (absolute change from baseline at week 8 of ivacaftor treatment in any of the primary or
secondary variables assessed in study 111) did not show a correlation or trend.

Summary statistics for absolute change in BMI by treatment arms and type of non-G551D mutation
showed that the smallest increase in BMI was observed in patients with the G551S- and G970R-CFTR
mutations. The smallest decrease in sweat chloride values during ivacaftor treatment was also seen in
patients with the G970R-CFTR mutation compared to subjects with other CFTR mutations. This was
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also the case of the respiratory domain of the CFQ-R, i.e. the smallest change in this parameter was
observed in patients with the G970R mutation. The results by non-G551D gating mutation are included
in Section 5.1 of the SmPC.

The overall conclusion is that patients carrying non-G551D gating mutations constitute a
heterogeneous population. As part of the response to the CHMP Major Objection the MAH proposed to
detail the individual CFTR gating mutations in section 4.1 of the SmPC (instead of the initial
unrestricted indication proposed for all non-G551D gating mutations). However, for listing all
mutations studied in trial 111 there are some signals which cannot be ignored, such as the consistent
lower efficacy of ivacaftor in patients carrying a G970R-CFTR mutation.

Given this heterogeneity and as far as the rationale behind the lack of response to ivacaftor for specific
mutations is unclear changes in sweat chloride and PPFEV1 by non-G551D gating mutation (including
G970R) are being included in section 5.1 of the SmPC.

Analysis by the mutation affecting the second allele of the CFTR gene has been performed but not
discussed by the MAH on grounds that about 75% of the study 111 patients had a second allele
genotype that could be considered unresponsive to ivacaftor (i.e. F508del-CFTR and stop codon
mutations) and, consequently, it is unlikely that the second allele had any substantial effect on the
overall efficacy outcomes in this study. The results provided indicate that patients with a stop codon
mutation are the ones who have the greatest reduction in sweat chloride with ivacaftor (-74.75
mmol/L) while at the same time experienced the smallest change in PPFEV1 (1.73). The stop codon
mutations concerned are Y913X, G542X, or Q1313X. An additional stop codon mutation (R1158X) was
mistakenly included in a different category for the analysis. The MAH stated that this does not impact
the interpretation of the data for either grouping category.

Secondary endpoints were change from baseline in BMI at 8 weeks of treatment, change from baseline
in sweat chloride through 8 weeks of treatment, change from baseline in the respiratory domain of the
CFQ-R through 8 weeks of treatment and safety. As it can be seen for most efficacy variables the
change from baseline is calculated through 8 weeks of treatment while for BMI it is estimated at week
8 suggesting that the expected change in BMI may be achieved later.

The mean absolute change from baseline in BMI at Week 8 (rate of change difference) by LMM was
greater during ivacaftor treatment (0.6787 kg/m?) than during placebo treatment (0.0163 kg/m?). The
treatment difference (95%CI) was 0.6624 kg/m? (0.3366, 0.9881). The mean absolute change from
baseline in BMI-for-age z-score (CDC growth chart for the 19 subjects who were 20 years of age or
younger) at Week 8 by LMM was greater during treatment with ivacaftor (0.2437 points) than during
placebo treatment (-0.0392 points). The treatment difference (95%CI) was 0.2830 points (0.1167,
0.4492). Change from baseline in weight through Week 8 (tertiary endpoint) was greater during
ivacaftor treatment (2.0099 kg) than during placebo treatment (0.3425 kg). The treatment difference
(95% CI) was 1.6674 kg (0.7098, 2.6250).

The change from baseline in BMI was relatively rapid and the highest (0.9) in patients of 6-11 years of
age. The MAH was requested to comment the possible role of water retention. The MAH response
focused on showing that there is no signal that suggests problematic fluid retention in ivacaftor-treated
patients. However, assessment of the nutritional status requires (in addition to weight or BMI)
measurements of body composition, anthropometric and other measurements that have not been
collected in the ivacaftor trials so far.

It can be suggested that the beneficial effect of ivacaftor on the nutritional status i.e. clinically
meaningful increase in body weight is an indirect proof of the better absorption of lipids and proteins.
In study 111, 63-65% of patients were treated with pancreatic enzymes for their insufficient enzyme
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secretion. In order to refine evaluation of the effect of ivacaftor on the exocrine pancreatic function the
MAH was requested to provide an analysis on BMI-z-scores by baseline use of pancreatic enzymes. The
MAH’s data and analyses showed that ivacaftor therapy should be optimized with exogenous pancreatic
enzyme therapy in the majority of CF patients. An indirect proof that ivacaftor may improve the
impaired exocrine pancreatic function (pancreatic bicarbonate secretion) has been provided?®.

The mean absolute change from baseline in sweat chloride (mmol/L) through Week 8 was greater
during ivacaftor treatment (-52.2801 mmol/L) than during placebo treatment (-3.1134 mmol/L). The
estimated treatment difference (95%CI) for ivacaftor versus placebo was -49.1667 mmol/L (-56.9527,
-41.3807). Statistically significant treatment differences were detected by Week 2 (first post-baseline
time point assessed).

The responder analysis of absolute change at Week 8 in sweat chloride shows that three subjects had a
>20 mmol decrease in sweat chloride on placebo while similarly three subjects had <5 mmol decrease
in sweat chloride while receiving ivacaftor. The waterfall plots provided of change in sweat chloride at
weeks 2, 4, and 8 show that the majority of the patients had a clear reduction in sweat chloride during
ivacaftor treatment, i.e. almost all mutations consistently displayed a decrease in sweat chloride well
above 20 mmol/L with ivacaftor (see Figure 4).

Patients who had the smallest decreases in sweat chloride values while on treatment with ivacaftor all
carried the G970R-CFTR mutation. The analysis at week 8 of the mean absolute change in sweat
chloride shows that in 3 out of the 4 patients enrolled in study 111 the reduction was below 5 mmol/L
and between 5 and 20 mmol/L for the remaining patient. Similarly, the mean (SD) absolute change in
PPFEV1 at week 8 was 0.4 (3.7) and 2.6 (2.7) for placebo- and ivacaftor-treated patients. These
results are comparatively inferior to those achieved by patients with other non-G551D gating
mutations and, therefore, patients with a G970R-CFTR gating mutation should be excluded from the
proposed indication given these consistent findings.

There were three patients with a decrease in sweat chloride above 20 mmol/L while on placebo. All of
them had pancreatic insufficiency and their genotype (G1349D/2183AA>G, S549R/F508del and
S549N/N1303K) did not suggested a specific pattern. The MAH has not provided any suitable
explanation for this finding (methodological or otherwise). In spite of that, for all the mutations to be
included in the indication there are patients substantially reducing their sweat chloride with ivacaftor
even in relation to the placebo patients above mentioned. Given the small numbers it is considered
that this evidence is sufficient.

The mean absolute change from baseline in the pooled (excluding the Parents and Caregivers version)
CFQ-R respiratory domain score through Week 8 by MMRM was greater during ivacaftor treatment
(8.9385 points) than during placebo treatment (-0.6720 points). The estimated treatment difference
(95%CI) for ivacaftor versus placebo was 9.6105 points (4.4874, 14.7336) and exceeds the defined
minimal clinically important difference (MCID) of 4 points. Subgroup analysis by age show that the
change in CFQ-R respiratory domain score was not statistically significant in subjects aged 6-11 years
and also in subjects who had =70% of PPFEV1 baseline values. CFQ-R is a relatively insensitive
instrument, particularly in children and adolescents and therefore the lack of significant effect in these
populations is not surprising.

A number of tertiary endpoints have been also assessed in study 111. Overall, their results are
consistent with the analysis of the main and secondary endpoints although for some of them

16 Gelfond D, Borowitz D, Frederick C, Uluer A, Sicilian L, Konstan M, et al. Impact of ivacaftor therapy on the intestinal pH
profile in CF subjects with G551D mutation [abstract]. 27th Annual Meeting of the North American Cystic Fibrosis
Conference, 17-19 October 2013, Salt Lake City, Utah; Abstract 540.
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statistically significant differences versus placebo were not shown (e.g. pulmonary exacerbations event
rate) but trends are not unfavourable for ivacaftor.

A tertiary endpoint assessed was change from baseline in qualitative microbiological cultures but the
analysis was limited by the small number of subjects and a high incidence of unknown results for
sputum samples. This is unfortunate as ivacaftor has a quionoline ring in its molecule and has been
shown to have direct antibacterial activity against Gram-positive bacterial’.

In conclusion, statistically significant differences in favour of ivacaftor 150 g every 12 hours versus
placebo were seen in the primary and secondary endpoints of study 111. Results of the primary
endpoint are not only statistically significant but also clinically relevant. However, the narratives
provided for patients with unexpected results in sweat chloride while on treatment with ivacaftor or
placebo and the analysis by specific non-G551D gating mutation show that the patient population is
likely very heterogeneous and consequently a broader indication for patients with any non G551D-
CFTR gating mutation cannot be accepted. The MAH’s latest proposed indication is limited to the
specific mutations that have been studied in study 111 and excluding the G970R mutation in which
efficacy could not be demonstrated. This is endorsed.

Based on information provided on predictability of efficacy results in other studies through week 24
based on results through week 8, there seems to be a good agreement between results at week 8 and
week 24. However, this is based on post-hoc analyses and as such conclusions should be drawn with
caution.

The MAH stated that in their view the mutation-by-mutation approach to implementing personalized
medicine for CF is not optimal as there will continue to be rare mutations discovered, including severe
gating mutations, which can be functionally characterized but would have no practical pathway for
being included in the label. This is acknowledged. However, as far as the rationale behind the lack of
response to ivacaftor of specific mutations/patients is unclear it is not possible to ignore the consistent
effect seen in patients with the G970R-CFTR mutation treated with ivacaftor. If a response-guided
therapy were available (see below) this would be less of a concern as patients could be assessed
individually. Overall, the MAH is encouraged to further pursue the characterisation of the mechanism of
action of ivacaftor as well as the identification of individual factors that may be predictive of response
to it.

The MAH was asked to elaborate and discuss a rule of decision that may help physicians to decide
whether to keep or to interrupt treatment with ivacaftor based on these results, e.g. similarly to what
has been done by Van Goor et al'® for the predictive potential of the sweat chloride test in cystic
fibrosis patients with the G551D mutation. However, as explained by the MAH a suitable response-
guided therapy cannot be identified. Therefore, the indication for ivacaftor in patients with cystic
fibrosis carrying a non-G551D-CFTR mutation should be based on the identification of those individual
mutations for which a benefit is seen in a clinical study. As a consequence, the individual mutations
have been listed in section 4.1 of the SmPC excluding, as previously discussed, the G970R-CFTR
mutation. Data for this mutation are still included in section 5.1 of the SmPC.

2.4.4. Conclusions on the clinical efficacy

Statistically significant differences in the primary and secondary endpoints have been attained
favouring ivacaftor over placebo in study 111 where patients aged 6 years and older with cystic fibrosis

17 | eah Reznikov. Antibacterial Properties of the CFTR Potentiator Ivacaftor. Abstract 276, The 27th North American Cystic
Fibrosis Conference, 2013

18 \Van Goor F. et al. The predictive potential of the sweat chloride test in cystic fibrosis patients with the G551D mutation.
Journal of Cystic Fibrosis 12 (2013) 706-713.
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and a non-G551D gating mutation in an allele of the CFTR gene were enrolled. Overall, these patients
seem to have a mild to moderate disease phenotype. Consistency has been observed between the
primary and secondary endpoints in study 111. This seems also to be the case across studies, i.e. with
studies 102 and 103 in patients with a G551D mutation. In spite of the above results concerns were
raised regarding the potential heterogeneity of gating mutations and the patient population enrolled in
study 111, as well as on whether all of the non-G551D gating mutations assessed in this study were
disease-causing. The narratives provided for patients with unexpected results in changes in sweat
chloride while on treatment with ivacaftor or placebo and the analysis by specific non-G551 gating
mutation show that the patient population is indeed heterogeneous and consequently a broader
indication for patients with any non G551D-CFTR gating mutation could not be accepted. As a
consequence, the MAH proposed to limit the indication to the specific mutations that were assessed in
study 111, excluding patients carrying the G970R gating mutation as for this mutation efficacy could
not be demonstrated.

The discussion of a possible response guided therapy (i.e. a rule to identify patients who benefit from
treatment with ivacaftor) was requested, however, a suitable response-guided therapy could not be
identified.

2.5. Clinical safety

Introduction

The MAH provided in the current submission short-term safety data from patients with CF aged 6 years
and older and a non-G551D gating mutation in an allele of the CFTR gene exposed to ivacaftor and/or
placebo in Part 1 (20 to 24 week crossover study) of study 111.

Patient exposure

A total of 38 subjects who received ivacaftor treatment and 37 subjects who received placebo were
evaluated for safety. Table below provides summary statistics for the mean duration of ivacaftor and
placebo treatment.

Table 31. Study Drug Exposure, part 1, Safety Set

Statistic/ Placeha Ivacaftor
Exposure Summary Category (N=3T) (N =38)
Expozure to Study Drug Mean (5D 64214 34.7(6.56)
(Days)
Median (Mdin, Max) 56.0 (52, 62) 56.0(23, 60)
Expozure Classification Qto =2 0 0
(Weeks)
2o =4 a 1{2.6)
4o =8 102700 11(289)
=8 270730 26 (6E.4)

Source: Tzkle 14.1.8
Note: Exposure to Stady Drug (davs) was defined as the last known dose date — the first dose date within each
Treatment Pertod + 1.

The mean treatment duration (SD) was similar for both ivacaftor (54.7 [6.56] days) and placebo (56.4
[2.14] days). The maximum study drug exposure was 60 days for ivacaftor and 62 days for placebo.
Most subjects received at least 8 weeks of treatment; all but 1 subject received at least 4 weeks of
treatment.
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Subject disposition and the reasons provided by the investigator for the premature discontinuation of
study drug in the non-pooled Phase 3 study (Study 111) are provided in the table below. In Part 1 of
Study 111, 1 subject was lost to follow-up and 2 subjects discontinued for “other” reasons (“washout
extended due to antibiotic usage” and “per sponsor, did not qualify to continue”).

Table 32. Subject Disposition and Reasons for Discontinuation: Non-Pooled Phase 3 Study 111

Placebo-Controlled Crossover Study 111, Part 1°

Ivacaftor— Flacebo—+
Placebo® Ivacaftor® Owverall
n (%) n (%) n (%)
Safety Set 20 (100 19 (10d) 39 (100)
Full Analysiz Set 20 (100 19 (10d) 39 (100)
Completed treatment 18 (80.0) 18{94.7) A6 (e2.3)
Drizcontinned treatment 2100y 1({5.3) 31T
Eeazon for discontinuation
Adverse event 4] ] ]
Laost to follow-up 1{5.00 o 1 {2.6)
Moncompliance with smdy reguirernents /] o o
Deeath 4] ] ]
Physician decizion /] o o
Pragnancy 0 o o
Fequired prolrbited medication ] o o
Smady rerminaton by sponsor /] o o
Withdrawal of consent 4] ] ]
Orthar?! 1 (5.00 1{3.3) 2{5.1)

Source: Module 535 1I12-T

70-111/Table 10-1

Percentages were caloulated relztive to the oumber of subjects in the Full Avalysis Set (FAS). The FAS was defined as
all subjects who received ar least 1 dose of smady dmg. Safery Ser was defined as all sulyjects who received at lagsr

1 dose of smdy dmgz

¥ Tresment Sequence 1- ivacafror in Trexmsnt Period 1 3Washour-3placsbo in Tresmment Period 2.

Treameant Sequence 2: placebo in Traanuent Pertod 1= Washout =+ ivacafior in Treannent Peried 2.
Orihar reasons subjects disconmivued weatment were due to the peed to extend the Washonr Period (“washonr exrended

due to annbiotic usagze” and “per sponsor, did not qualify to continne™)

Adverse events

In this crossover study, adverse events were attributed to the study drug (ivacaftor or placebo) the
subject received during the treatment period in which the event occurred. Adverse events that started
(or increased in severity) during the Washout Period between Treatment Period 1 and Treatment
Period 2 were attributed to the treatment received in Treatment Period 1. Adverse event summary
tables include TEAEs only. The incidence of adverse events is provided for Study 111 in the table

below.
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Table 33. Summary of Adverse Events Incidence: Phase 3 Crossover study 111

Placebo Ivacafror

(N=37) (N =38)
Category n (%) n (%)
Subject: With Any Adverse Events 31(83.8) 218 (73.1)
Subjects With Related Adverse Events 3(8.1) 3(21.1)
Subjects With Adverse Events Leading to Death 0 0
Subjects With SAE= 7(18.9) 4(10.3)
Subjects With Felated SAEs 1(2.7) 1(2.6)
Subjects With Adverse Events Leading to Study Drug Interruption® 127 0
Subjects With Felated Adverse Events Leading to Stmdy Drug Intenruption 0 0
Subjects With Adverse Events Leading to Study Drug Withdrawal 0 0

Souwrce: Module 53.5 1/ VX12-770-111/Table 12-2.
Iote: Felated mcludes related and possibly related to study dmg catesories.
T]]E nunl.bn O:‘.‘ S'lle ects “‘hﬂ I:lld a13 :!.d‘.'er;e avent th:!: ;Ed o mta!'n].pt'.on ﬂr‘ freatment \'\r'l.'&l. P].:lCEbO dUE:

[

not include 3 subjects who had an mtermuption of study dmg comeident with adverse events

(Subject NN [-::--inz 13 deses]. Subject [N -2 © dose:], and Subject [ IENGTcTczczN

[mussing 1 dose]). The investigator reported the mterruptions as “missing doses” (Module 5.3.5.1

VINI2-T70-111/Listmg 16.2.5.2.1.3) and not as stady drug intermuptions for adverse events; therefore, these

mtenuptions are not captured in the adverse events database or reflected mn summary Module 53.5
VHI12-T70-111/Table 14.3.1.1 and Module 5.3.5.1/VX12-770-111/ Listing 16.2.7.1.

The proportion of subjects with adverse events during ivacaftor treatment was 73.7% while the
proportion of subjects with adverse events in the placebo group was 83.8%. The incidence of subjects
with adverse events considered by the investigator to be related to the study drug was higher during

ivacaftor (21.1%) than during placebo treatment (8.1%).

The adverse events with an incidence of at least 3% of subjects during either treatment are presented

by SOC and PT in table below.

Table 34. Adverse Events Occurring in At Least 3% of Subjects During Either treatment by System
Organ Class and Preferred Term, Part 1, Safety Set

Placebo Ivacaftor

Syztem Ohrgan Class N=3T) (N = 38)
Preferred Term u (%) n (%a)

Subjects With Any Adverse Events 31 (53.5) 28(73.T)

Infection: and Infestations 17 (45.9) 15 {39.5)
Infective Pulmonary Exacerbation of CF 11(29.7) 9237
Rhrmitis 1354 305
Influsnza 1354 2(5.3)
Sinmstiis 154 1{2.6)
Upper Eespiratory Tract Infaction 2054 1(2.6)

Respiratory, Thoracic and Mediaztinal disorders 16 (43.2) 11 {15.9)
Cough T(189) 3132
Spuum Increased JED 379
Haemeoptysis 154 1{2.6)
Cropharyngeal Fain 4(10.8) 1{2.8)
Rales 3(8.1) 1{2.8)
Fhmorthesa 154 1{2.6)
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Placebo Ivaeaftor

Swvatem Organ Class N=3T (N = 38)
Preferred Term n (%) n (%)
Produchve Cough 2054 0
Fezpiratory Tract Congestion 254 0
Sims Congastion 254 0

General disorders and Adminiztration Site Condition: I(E4) 9(13.7)
Pyrexia 1027 ENER)
Fatizue 1] 2{5.3)

Gastrointestinal Disorders 12(31.4) 6(15.8)
Constipation 4] 2(5.3)
Abdominal Pamn 4 (10.8) 1(2.6)
MNausea 3(8.1) 1(2.6)
Flatalence 2054) 0
Gasmooesophageal Feflux Dizsasze 254 0

Nervous System Disorders 6(16.2) £(13.2)
Headache 5(13.5) 379

Investigation: 124 4{10.5)

Muszculozkeletal and Connective Tissue Disorders 1(2.7) 4(10.5)
Arthralzia 4] 2({5.3)

Skin and subcutaneous tissue dizorders £(13.5) 4(10.5)
Raszh 254 1{2.8)

Seurcs: Table 1431211

Mates: 50C and PT withmn S0C wers sorted in descending cvder of frequency m the ivacaftor column. A
subject with multiple events within an SOC or within a PT was coumted only once withm an SOC or PT,
rezpectivelv. Adverse events were codad from MadDEA Version 131

The SOC with the highest incidence of adverse events during both treatments was infections and
infestations (39.5% during ivacaftor and 45.9% during placebo treatment). Other classes with an
incidence of at least 10% during ivacaftor treatment and a higher incidence than during placebo
treatment were as follows:

e General disorders and administration site conditions (23.7% during ivacaftor treatment and 5.4%
during placebo)

e Investigations (10.5% during ivacaftor treatment and 5.4% during placebo)

e Musculoskeletal and connective tissue disorders (10.5% during ivacaftor treatment and 2.7%
during placebo)

By PT, the adverse events with the highest incidence during both treatments were infective pulmonary
exacerbation of CF and cough. The incidence of both events was lower during ivacaftor than placebo
treatment:

e Infective pulmonary exacerbation of CF (23.7% of subjects during ivacaftor treatment and 29.7%
of subjects during placebo)

e Cough (13.2% of subjects during ivacaftor treatment and 18.9% of subjects during placebo)

Adverse events for which the incidence was at least 5% higher with ivacaftor than placebo treatment
were as follows:

e Fatigue (5.3% [2 subjects] ivacaftor treatment and O subjects during placebo treatment)

e Constipation (5.3% [2 subjects] during ivacaftor treatment and 0 subjects during placebo
treatment)
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e Arthralgia (5.3% [2 subjects] during ivacaftor treatment and 0 subjects during placebo treatment)

e Pyrexia (7.9% [3 subjects] during ivacaftor treatment and 2.7% [1 subject] during placebo
treatment)

The majority of adverse events during both treatments were considered by the investigator to be not
related or unlikely related to the study drug (not related: 28.9% during ivacaftor and 40.5% during
placebo treatment; unlikely related: 23.7% during ivacaftor and 35.1% during placebo treatment). The
proportion of subjects who had adverse events considered by the investigator to be possibly related to
the study drug was higher during ivacaftor (21.1% [8 subjects]) than during placebo treatment (8.1%
[3 subjects]).

The incidence of all adverse events considered related or possibly related to the study drug by SOC
and PT is presented in table below.

Table 35. Related or Possibly Related Adverse Events by System Organ Class and Preferred Term by
Treatment, Part 1, Safety Set

Placebo Ivacaftor
Svztem Organ Class N=3T) (N =38)
Preferred Term n (%) u (%)
Subjects With Any Related 3(8.1) 5(IL1)
Adverze Events
Respiratory, Thoracic and 1{2.7) 3.
Mediastinal Dizorders
Sputnm Increased Q 2(3.3)
Drysphomnia Q 1{2.6)
Haemoptysis Q 1(2.8)
Paranaszal Cwst 102N 0
Investigations o 2({5.3)
Alznine Aminotransferase Q 1(2.8)
Inereased
Blood Creatinine Increased L] 1(2.8)
Gamma-Glutamy] Transferase Q 1(2.8)
Increased
Blood and Lymphatic System L] 1(2.6)
Dizorders
Anasnua Q 1(2.8)
Castrointestinal DHzorders L] 1{%&)
Distal Ileal Obshuction Syndroms Q 1{2.6)
Nervous System Disorders L] 1{2.6)
Drysgansia Q 1{2.6)
Reproductive System and Breast L] 1{2.6)
Dizorders
Metrorrhazia Q 1(2.6)
Skin and Subcutanecus Tissue 2 (5.4 ]
Dizorders
Razh 127 0
Urticaria 120 0

Source: Table 1431 4

Motes: S0C and PT within S0C were sorted in descending crder of frequency m the ivacaftor column. A
subgect with mmltiple events within a 50C or within a PT was counted only ence within a 50C or PT,
respectively. Adverse events wers coded from MadDFE A Version 151

During both treatments, the majority of subjects had adverse events that were mild or moderate in
severity. Compared with placebo, ivacaftor was associated with a lower incidence of moderate and
severe events (moderate: 18.4% during ivacaftor treatment versus 35.1% during placebo treatment;
severe: 10.5% during ivacaftor treatment versus 21.6% during placebo treatment). There were no
life-threatening adverse events in this study.

The severe adverse events that occurred during the study are presented by SOC and PT in table below.
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Table 36. Severe Adverse Events by Treatment: Safety Set

Placebo Ivacaftor
System Organ Class (N=237) M =138)
Preferred Term n (%) n {%a)
Subjectz With Any Severe Adverse Events 5(2l.6) 41(10.5)
Infection: and Infestations EXES ] 1(53)
Infective Pulmonary Exacerbation of CF 2054} 2{53)
Tonsillihs 1(2.7) 0
Respiratory, Thoracic and Mediaztinal Disorders 1]
Paranasal Cyst 0
Pneumothorax 0
Gastrointestinal Dizorders 1i(2.6)
Distal [leal Obstuction Syndromea 1{2.8)
Appendicezl Mucocoels 0
Distal Intestinal Obstruction Syndrome 0
Intussusception 0
Nervous System Disorders 1i(2.6)
Headache 1{2.8)
Investigations ]
Hepatic Enzymea Increasad 0
Muszculozkeletal and Connective Tiszue Dizorders 1{2.6)
Intervertabral Dize Protusion 1{2.8)

Source: Table 143.1.5

MNotes: S30C and PT witlun 50C are sorted in descending crder of frequency m the ivacaftor columm PT n
(P2} =nl¥ = 100, A subpect with multiple events within a 30C or within a PT is counted only once within a
S50C or PT, respectively. A subject with multiple severities for the same AF iz counted only undsy the AE
with the maxinmm seventy. Adverse events were codad from MedDEA, Version 151

Subgroup Analyses of Adverse Events

Adverse events were summarized for subgroups based on age at baseline (6 to 11 years [inclusive], 12
to 17 years [inclusive], and =18 years at baseline), sex (female and male), PPFEV1 at baseline
(<70%, 270% to <90%, and >90% predicted), and geographic region (North America and Europe).

Age subset

Table below provides the adverse events with an incidence of at least 15% by age group.
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Table 37. Adverse Events Occurring in At Least 15% of Subjects During Either Treatments by
Preferred Term and Age Subgroups, Part 1, Safety Set

Placebo

Ivacaftor

Age 6 to Age 12 to

Age 6

to Age 12 to

11 Years 17 Years Age 11 Years 17 Years Age
(Inclusive) (Inclusive) =18 Years (Inclusive) (Inclusive) =18 Years

System Organ Class (N=8)  (N=9) < (N=20) (N=8) (N=11) (N=19)

Preferred Term n (%) n (%) n (%) n (%) n (%) n (%)
Subjects With Any 8 (100.0) 8(83.0) 15 (75.0) T(87.5) 10 (90.9) 11 (57.9)
Adverse Events
Subjects With Any SAEs 3(37.5) 1(11.1) 3(15.0) 1(12.5) 0 3 (15.8)
Infections and 6 (75.00 3333 8 (40.0) 4 (50.0) 6 (54.5) 5(26.3)
Infestations

Infective Pulmonary 3(37.H 3333 5(25.00 22500 4(36.4) 1(15.8)

Exacerbation of CF
General Disorders and 0 1(11.1) 1(5.0 1{12.5) 5 (45.5) 1(15.8)
Administration Site
Conditions

Pyrexia 0 1(11.13 0 1(12.5) I(18.2) 0
Respiratory, Thoracic 4 (50.00 4(44.4) 8 (40.0) 1] 4 (36.4) 7 (36.8)
and Mediastinal disorders

Cough 1(12.5) 2(222 4 (20,0 0 1(5.1) 4(21.1)

Sputum Increased 0 1(11.13 2{10.0% o I(18.2) 1(3.3)

Bhinorrhoea 0 2222 0 0 1(9.1) 0

Oropharyngeal Pain 0 2(222) 2{10.0) 1] 0 1(5.3)
Nervous System 1125 2(22.2) 3 (1500 0 2(18.2) 1(15.8)
Disorders

Headache 1{12.3) 2222 2{10.0) o 2(18.2) 1(5.3)

Scurces: Table 14.3.1.2.2, Listing 16.2.7.1, and Listing 16.2.4.1.1
Notes: A subject with multiple events within an SOC or within a PT was counted only once within an S0C or
PT resnectively Adverse svents were coded from MedDR A Version 15 1

Sex

Table below provides the subgroup analysis of adverse events with an incidence of at least 15% by

sex.

Table 38. Adverse Events Occurring in At Least 15% of Subjects During Either Treatment by

Preferred Term and Sex Subgroups, Part 1, Safety Set

Placebo Ivacaftor
Male Female Male Female

Syztem Organ Class m=12 N=1=% N=122 N=16
Preferred Term n (%) n (%) n (%a) n (%)

Subjectz: With Any Adverse 18 (51.8) 12 (86.7) 16 (T2.T) 12 (75.0)

Event:

Infections and Infestations 9(40.9) 8(53.3) 83 (36.4) T (43.8)
Infective Pulmonary 4(18.2) Ti48.T) 5(27.3) 3(18.8)
Exacerbation of CF
Fhinitis 2{9.1) 0 0 3(15.8)

Respiratory, Thoracic and 10 (45.5) 6 (40.0) 6(27.3) £(31.3)

Mediastinal Dizorders
Cough 3(13.8) 4(267) 2{9.1) 3(18.8)
Fales 0 302000 0 1{6.3)

Gastrointestinal Disorders 7 (3L.5) £{33.3) 3(13.6) 3 (158.5)
Nausea 0 302000 0 1(6.3)

Nervous system Disorders S(22.7) 1{6.T) 3(13.6) 1i12.5)
Headache 4(18.2) 1(6.T) 2{0.1) 1{6.3)

Sowrce: Table 14.3.1.2.2

MNotes: SOC and PT within 50C ars sorted in descending cvder of frequency in the ivacaftor column. A subject
with multiple events withm a SOC or within a PT was counted only ones within a S0C or PT, respectivaly.

Adverse avents ware coded from MedDFA Version 15.1.
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Baseline PPFEV1

Table below provides the baseline PPFEV1 value subgroup analysis results for adverse events with an

incidence of at least 15%.

Table 39. Adverse Events Occurring in At Least 15% of Subjects During Either Treatment by

Preferred Term and Baseline FEV1 Predicted Value Subgroups, Part 1, Safety Set

Placebo Ivacaftor
Percent Predicted FEV,; Severity Percent Predicted FEV; Severity
=T0%  =70% to <00%  >90% =70%  =T0% to <0000  =000%

Svstem Organ Class N=13 N=11 N=13 N=13 N=11 N=14
Preferred Term n (%) n (%) n (%) n (%) n (%) n (%)
Subjects With Any 11 (84.6) 9 (81.8) 11(84.6) 7(53.8) 8(72.7) 12 (92.9)
Adverse Events
Infections and Infestations 9 (69.2) 3(27.3) 5(38.5) 4 (20.8) 3(27.3) 8 (57.1)

Infective Pulmonary G(46.2) (182 3351 4(30.8) 2(18.2) 3214

Exacerbation of CF

Bhinitis 2(15.4) 0 0 0 1(9.1) 2(14.3)
ERespiratory, Theracic and 7 (53.8) 6 (54.5) 3(23.1) 3(231) 3(27.3) 5(35.7)
Mediastinal Disorders

Cough 2(15.4) 4(36.4) 1(7.7) 2(154) 0 3214

Haemoptysis 2(15.4) 0 0 0 1(9.1) 0

Rales 2(15.4) 0 1{7.7) 1(7.7) 0 0

Oropharyngeal Pain 1(7.7) 3(27.3) 0 1{7.7) 0 1]

Productive cough 2(154) 0 0 0 0
General Disorders and 1(7.7) 0 1(7.7) 21(15.4) 4(26.4) 2(21.4)
Administration Site
Conditions

Pyrexia 0 0 1{7.7) 0 2(182) 1(7.1)
Gastrointestinal Disorders 3 (23.1) 4 (36.4) 5(38.5) 0 3(27.3) 2(21.4)

Constipation 0 0 0 0 2(18.2) 1]

Abdominal Pain 1(7.7) 1(59.1) 2(15.4) 0 0 1(7.1)

WNausea 0 0 ENRER Y] 0 0 1(7.1)
Nervous System Disorders 0 1(18.2) 4(20.8) 2({15.4) 1(9.1) 1(14.3)

Headache 0 1(9.1) 4(30.8) 0 1(9.1) 2(14.3)
Skin and Subcutaneous 0 4 (36.4) 1(7.7) 3231 0 1(7.1)
Tissue Disorders

Rash 0 I(18.2) 0 1(7.7) 0 1]

Source: Table 1431232

Notes: A subject with multiple events within a SOC or within a PT was counted only coce within a SOC or PT.
respectively. Adverse events were coded from MedDEA, Version 15.1.

Geographic Region

Table below provides the subgroup analysis by geographic region.
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Table 40. Adverse Events Occurring in At Least 15% of Subjects During Either Treatment by
Preferred term and Geographic Region Subgroups, Part 1, safety Set

Placebo Ivacaftor
North America Europe North America Europe

Svstem Organ Class N=11 N=16 N=11 N=17

Preferred Term n (%) n (%) n (%) n (%)
Subjects With Any Adverse Events 16 (76.2) 15 {93.8) 15 (71.4) 13 (76.5)
Infections and Infestations 11 (52.4) 6 (37.5) 7(33.3) §(47.1)

Infective Pulmonary Exacetbation 9(429) 2(12.3) 4(15.0) 5(294)

of CF

Flunitis 0 2(12.35) 0 3(17.8)
Respiratory, Thoracic and 10 (47.6) 6 (37.5) 6 (28.6) 5(29.4)
Mediastinal Disorders

Cough 6(28.6) 1(6.3) 3(143) 2(11.8)

Oropharyngeal Pain 4(19.03) 0 1(4.8) 0
Gastrointestinal Disorders 4(19.0) § (50.0) 0 6(35.3)

Abdominal Pain 1(4.3) 3(18.8) 0 1(5.9)

Nausea 0 3({18.8) 0 1(5.9)
Nervous System Disorders 2(9.5) 4 (25.0) 1(4.8) 4(23.5)

Headache 1{4.8) 4(25.0) 0 3(17.6)

Source: Table 14.3.1.22

MNotes: A subject with multiple events within a SOC or within a PT was counted only ence within a SOC or PT,
respectively. Adverse events were coded from MedDEA. Version 15.1.

Serious adverse events, deaths, other significant events

There were no deaths in this study.

The proportion of subjects with at least 1 serious adverse event (SAE) during ivacaftor treatment was
10.5% as compared to 18.9% of patients in the placebo group. The incidence of SAEs considered by
the investigator to be related to the study drug was similar during the 2 treatments: 2.6% during
ivacaftor and 2.7% during placebo treatment. During each treatment, 1 subject had a SAE considered
possibly related to study drug (paranasal cyst during placebo treatment and DIOS during ivacaftor
treatment). Table below presents the incidence of SAEs by SOC and PT.

Table 41. Serious Adverse Events by System Organ Class and Preferred Term; Safety Set

Placebao Ivacaftor
System Organ Class (N=3T (N =138)
Preferred Term n (%) n (%)
Subjectz With Any Serious Adverse 7 ({18.9) 4 (10.5)
Events
Infection: and Infestations 6(16.2) 1(5.3)
Infective Pulmenary Exacerbation of G6(16.2) 20(5.3)
CF
CGastrointestinal Dhzorders 1(2.T 1{2.6)
Dhztal Ileal Obstruction Syndromes Q 1{2.6)
Appendicez]l Mucocoels 1027 il
Intessusception 1027 a
Musculoskeletal and Connective 0 1{2.6)
Tizsue Dizorders
Infervertebral Disc Protusion Q 1{2.6)
Respiratory, Thoracic and 154
Mediaztinal Dizorders
Paranazal Cyst 12T il
Pneumethorax 12T Q

Source: Table 14.3.2.1

Motes: SOC and PT within S0 were sorted in descending crder of frequency m the ivacaftor column. A
subject with multiple events within a S0OC or wathin a PT was counted enly once within 2 S0C or PT,
respectively. Adverse events were coded from MadDEA Version 15 1.
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Laboratory findings

Clinical laboratory evaluations were conducted at baseline and at 2, 4, and 8 weeks following the first
dose of each treatment.

Liver Function Tests

Mean absolute changes from baseline for LFT parameters are presented in table below.

Table 42. Liver Function Test Parameter Absolute Changes From Baseline at Week 8, Part 1, Safety
Set

Placebo TIracaftor
N=37 N=138
Mean Mean
Change Median Change  Median
Parameter (5D Change AMinMax n (5D Change AlinAax
Alanine Transaminase (VL) 37 -1.3(12.71) 10 —44/16 36 46(1278) 20 -1530
Alkaline Phosphataze (UL) 37 032121 1.0 =5570 35 —42(1%0% 70 —47/44
Aspartate Transammass (U/L) 37 0.08 (9.754) 0.0 —357280 35 326(831E) 200 —EBO280
Gamma-ghatamyl Transferaze 37 -230(5.808) -1.00 -22.0/100 36 1.54(9430) 100 -20.037.0
ULy
Total Bilirubin (umelL) 3T 30265 0.0 74 36 1.3(3.585) 0.0 -3/19

Source: Table 14.3.43

Dotes: Pariod baseline was defined as the most recent non-mussmg measurement collacted before the initial
admimistration of study drugz i ezch Treatment Period, with the additional requirernent for the Treatment
Period 2 basaline that it needed to ba from an assessment after 14 days in the Washout Period. If the
Treatment Pertod 2 baseline was missmg, the Treamment Pericd 1 baseline was usad.

Most subjects had maximum on-treatment ALT, AST, and total bilirubin results <2 x ULN (94.7%,
100.0%, and 100.0%, respectively, on ivacaftor treatment and 91.9%, 97.3%, and 100.0%,
respectively, on placebo treatment). No differences >5% were noted between the placebo and
ivacaftor treatments for any category (<2 x ULN, >2 x to <3 x ULN, >3 x to <5 x ULN, >5 x to <8
x ULN, and >8 x ULN).

During ivacaftor treatment, no subjects had a maximum ALT or AST value that was >5 x ULN. Two
(5.3%) subjects had at least 1 maximum ALT value >3 x ULN to <5 x ULN. During placebo treatment,
1 subject (2.7%) had ALT >2 x ULN to <3 x ULN, 1 subject (2.7%) had ALT >3 x ULN to <5 x ULN,
and 1 subject (2.7%) had a maximum on-treatment ALT and AST values >8 x ULN. No subjects had a
maximum total bilirubin value >2 x ULN during either treatment.

One subject had normal ALT (24 U/L) and AST (33 U/L) values at baseline and received placebo during
Treatment Period 1. At Week 2 (Day 15 after the first dose of placebo), the subject’'s ALT and AST
values were found to be elevated: ALT of 558 U/L (>8 x ULN) and AST of 955 U/L (>8 x ULN). An
adverse event of increased hepatic enzymes occurred, and study drug was interrupted. Results of
laboratory assessments obtained at the local laboratory within 2 days (Study Day 17) of the initial
elevation showed that ALT was 288 U/L (>3 x ULN to <5 x ULN) and AST was 63 U/L (£2 x ULN). At
the next assessment on Study Day 22, ALT had further declined to 114 U/L, and AST was 90 U/L. By
Week 4, ALT was 69 U/L (>2 x ULN), and by Week 8, it had further decreased to 34 U/L (<2 x ULN).
AST values returned to <2 x ULN by Week 8 (48 U/L). Study drug was resumed on Day 28, and the
subject continued in the study with no further LFT increases. Bilirubin values were not elevated at any
time during this placebo treatment.

None of the subjects had elevations of LFTs that met the criteria for Hy’s Law.
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Other clinical chemistry parameters (creatinine, total protein, and albumin)

The mean values for all parameters fluctuated during each treatment but remained within normal limits
at all time points. The slight changes in each parameter were generally consistent for both treatments,
and no notable trends were observed over time. Overall, shifts to low or high values were infrequent
throughout the study, and the incidence of shifts was similar for both treatments.

Adverse events associated with abnormal chemistry values occurred infrequently, and none resulted in
the discontinuation of study drug. Adverse events of ALT increased, blood creatinine increased, CRP
increased, and GGT increased were each reported by 1 subject (2.6%) during ivacaftor treatment;
hypoglycaemia and hepatic enzyme increased were each reported by 1 subject (2.7%) during placebo
treatment.

Haematology

Mean concentrations for all parameters remained relatively stable and within normal limits through
Week 8. The slight changes from baseline in most parameters were similar for both treatments. During
ivacaftor treatment, mean values for haemoglobin, neutrophils, platelets, and leukocytes demonstrated
a trend toward decreases from baseline up to Week 4 and remained relatively stable thereafter. The
magnitude of the mean change for these same parameters was smaller during placebo treatment. The
incidence of shifts to low or high values was generally similar during both treatments.

Adverse events associated with abnormal haematology values were infrequent, and none resulted in
the discontinuation of study drug. Adverse events associated with abnormal haematology values
included neutrophil count increased, WBC count increased, and anaemia, each reported by 1 subject
(2.6%) during ivacaftor treatment.

Coagulation

Mean absolute changes from baseline in prothrombin time remained relatively stable throughout both
treatments. Twenty subjects had at least 1 abnormal thromboplastin or prothrombin time value during
the study; however, these abnormalities occurred with similar incidence during both treatments, and
none of the subjects had adverse events related to abnormal coagulation parameters during either
treatment.

ECG

There were no clinically important trends attributable to ivacaftor treatment identified in the standard
digital ECGs. None of the patients had a QTc interval >450 msec during the ivacaftor or placebo
treatment. Two patients (5.3%) had maximum increases of >30 to <60 msec in QTcF during the
ivacaftor treatment. Increases in QTcB of >30 to <60 msec were observed in 3 patiens (8.1%) during
the placebo treatment and 3 patients (7.9%) during the ivacaftor treatment. None of the patients had
a QTcF or QTcB increase of >60 msec during either treatment. There were no adverse events
associated with ECG abnormalities in study 111.

Kalydeco II-09
EMA/CHMP/360053/2014 Page 78/90



Adverse events of interest - increased airway secretions

Due to a report in literature!® that “increased bronchial secretions may warrant increased
physiotherapy and intravenous antibiotic treatment in these patients when ivacaftor is initiated” the
MAH was asked to discuss increased airway secretions.

According to the MAH, the review of the available clinical data did not suggest that the first 8 weeks of
ivacaftor treatment was associated with increased airway secretions or increased secretions that would
lead to the need for clinical intervention, including additional intravenous antibiotic therapy in subjects
with severe CF (<40% predicted FEV1). In placebo-controlled, Phase 3 studies, no increase in the
incidence of events associated with increased airway secretions in ivacaftor-treated subjects (10.0%)
compared with placebo (11.5%) was observed. Several other literature reports describe the clinical
experience of compassionate use ivacaftor in patients with an FEV1 <40%, and do not include mention
an increase in airway secretions. In preliminary data from the US expanded access programme, 4 out
of 44 (9.1%) patients had increased secretions (comprising preferred terms of respiratory tract
congestion and sputum increased) comparable to the rate observed in the first 8 weeks of treatment in
the Phase 3 studies. Additionally, events with onset within 8 weeks of the start of ivacaftor treatment
were all non-serious, mild in severity, and most resolved without treatment.

Safety in special populations

In Study 111, the incidence of adverse events was summarized for subgroups based on age at baseline
(6 to 11 years [inclusive], 12 to 17 years [inclusive], and =18 years at baseline), sex (female and
male), PPFEV1 severity at baseline (<70%, 270% to <90%, and >90% predicted), and geographic
region (North America and Europe). While small sample sizes in the subgroups preclude definitive
conclusions, subgroup analyses did not suggest any notable differences in safety based on age, sex,
baseline FEV1 severity, or geographic region. A meaningful analysis of safety by genotype was not
feasible because each mutation was only represented by a small number of subjects. Safety results of
the subgroup analyses based on age, sex, baseline PPFEV1, and geographic region have been
presented previously.

Discontinuation due to adverse events

No subjects had adverse events that led to study drug interruption during ivacaftor treatment. During
placebo treatment, 1 subject (2.7%) had an adverse event of increased hepatic enzymes that led to
study drug interruption. The event resolved and the subject resumed dosing and continued in the
study following the interruption.

During placebo treatment, 3 other subjects had an interruption of study drug coincident with adverse
events (Subject [missed 18 doses], Subject [missed 9 doses], and Subject [missed 1 dose]). However,
the investigator reported the interruptions as “missing doses” and not as study drug interruptions for
adverse events.

Post marketing experience

Ivacaftor is marketed in the US, European Union, Canada, and Australia. A cumulative and interval
summary tabulation of serious and non-serious adverse reactions was provided in second Periodic
Safety Update Report (24 January 2013 to 23 July 2013), which covered a total of 1789 patients and

19 Hebestreit et al. Effects of ivacaftor on severely ill patients with cystic fibrosis carrying a G551D mutation. Journal of
Cystic Fibrosis 12 (2013) 599-603
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489018 person-days (286 patients 6 to 11 years of age) who received at least 1 dose of ivacaftor
during the time period from the International Birth Date of ivacaftor (31 January 2012) to 23 July
2013. There has been no significant change in the potential or identified risks and no new potential or
identified risks.

2.5.1. Discussion on clinical safety

Short-term safety data from patients with CF aged 6 years and older and a non-G551D-CFTR gating
mutation exposed to ivacaftor and/or placebo in Part 1 of study 111 were provided.

The Safety Set includes 39 patients who were randomised to Treatment Sequence 1 (n=20) and
Treatment Sequence 2 (n=19). Twenty-seven (73%) placebo-treated patients and 26 (68.4%)
ivacaftor-treated patients received at least 8 weeks of treatment while the median length of therapy in
10 (27.0%) and 11 (28.9) patients respectively was from 4 to less than 8 weeks. All patients but 1
subject received at least 4 weeks of treatment.

The proportion of patients with adverse events during ivacaftor treatment was 73.7% (28/38) while
the proportion of patients with adverse events in the placebo group was 83.8% (31/37). Twenty-eight
ivacaftor-treated patients reported a total of 91 adverse events while 31 placebo-treated patients
reported 109 adverse events.

The SOC with the highest incidence of adverse events during both treatments was Infections and
Infestations (39.5% during ivacaftor and 45.9% during placebo treatment). Within this SOC infective
pulmonary exacerbation of CF were reported by 9 (23.7%) patients during ivacaftor treatment and 11
(29.7%) patients during placebo. Sputum increased was reported by 3 (7.9%) ivacaftor-treated
patients and 3 (8.1%) placebo-treated patients.

By Preferred Term the incidence of the following adverse events was higher in ivacaftor-treated
patients than in placebo-treated patients: rhinitis was reported by 3 (7.9%) ivacaftor patients and 2
(5.4%) placebo patients; pyrexia was reported by 3 (7.9%) ivacaftor patients and 1 (2.7%) placebo
patient; fatigue and constipation were reported by 2 (5.3%) ivacaftor patients each; in the SOC
Investigations 4 (10.5%) ivacaftor patients reported some adverse event versus 2 (5.4%) placebo
patients. The adverse events that belong to the SOC Investigations will be addressed later (see Liver
Function Tests). Arthralgia was reported by 2 (5.3%) ivacaftor patients. However, the number of
adverse events reported in the SOC Musculoskeletal and Connective Tissue Disorders is 4 in the
ivacaftor group. The remaining adverse events reported were intervertebral disk protrusion (1 event),
back pain (1 event) and torticollis (1 event). Pyrexia is described within the SOC General Disorders and
Administration Site Conditions. The number of patients reporting adverse events in this SOC is 9
(23.7%) for ivacaftor and 2 (5.4%) for placebo. Other Preferred Terms used within this SOC are
malaise and fatigue that have been reported only by ivacaftor-treated patients.

The incidence of patients with adverse events considered by the investigator to be related to the study
drug (i.e. adverse reactions) was higher during ivacaftor (21.1% [8 patients]) than during placebo
treatment (8.1%, [3 patients]). By Preferred Term sputum increased was reported by 2 (5.3%)
ivacaftor-treated patients while none of the placebo patients reported this adverse reaction.
Treatment-related investigations (increased ALT, increased blood creatinine, increased GGT) only
occurred during ivacaftor treatment (5.3% [2 patients]) while treatment-related skin and
subcutaneous tissue disorders only occurred during placebo treatment (5.4% [2 patients]). The
incidence of adverse reactions in all other SOCs was 1 patient during ivacaftor treatment and the
Preferred Terms include anaemia, dysgeusia, distal ileal obstructive syndrome and metrorrhagia. The
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incidence of adverse events considered related or possibly related to study drug during placebo
treatment was 1 patient (2.7%) each for paranasal cyst, rash, and urticaria.

Regarding the severity of the adverse events reported, compared with placebo, ivacaftor was
associated with a lower incidence of moderate and severe events (moderate: 18.4% during ivacaftor
treatment versus 35.1% during placebo treatment; severe: 10.5% during ivacaftor treatment versus
21.6% during placebo treatment). There were no life-threatening adverse events in study 111. There
was a severe adverse event of headache in an ivacaftor-treated patient that apparently was not
considered treatment related although headache is listed in section 4.8 of the Kalydeco SmPC as a
very common adverse reaction.

There were no deaths in study 111. The number of patients with at least 1 serious adverse event (SAE)
during ivacaftor treatment was 4 (10.5%) as compared to 7 (18.9%) patients in the placebo group.
The most common SAE during both treatments was infective pulmonary exacerbation of CF (5.3% [2
patients] during ivacaftor treatment and 16.2% [6 patients] during placebo treatment). SAEs of DIOS
and intervertebral disc protrusion were each reported for 1 patient during ivacaftor treatment;
appendiceal mucocele, intussusception, paranasal cyst, and pneumothorax were each reported for 1
patient during placebo treatment. During each treatment, 1 patient had a SAE considered possibly
related to study drug (paranasal cyst during placebo treatment and DIOS during ivacaftor treatment).

Interpretation of safety analysis by subgroups is hampered by the small number of patients and
therefore it should be considered exploratory only.

A total of 8 patients aged 6 to 11 years (inclusive) received ivacaftor and placebo; among patients
aged 12 to 17 years (inclusive), 9 patients received placebo and 11 patients received ivacaftor
treatment. In the subgroup =18 years, 20 patients received placebo and 19 patients received ivacaftor
treatment. The overall incidence of patients with adverse events was lower in the 218 years subgroup
than in the other two age subgroups during both ivacaftor and placebo treatment.

During ivacaftor treatment, the incidence of infective pulmonary exacerbation of CF in the =18 years
subgroup was 15.8% (3 patient, 4 events) compared to 25.0% (2 patients, 2 events) in the 6 to 11
years (inclusive) subgroup and 36.4% (4 patients, 4 events) in the 12 to 17 years (inclusive)
subgroup. During placebo treatment, the incidence of infective pulmonary exacerbation of CF in the
=18 years subgroup was 25.0% (5 patients, 7 events) compared to 37.5% (3 patients, 4 events) in
the 6 to 11 years (inclusive) subgroup and 33.3% (3 patients, 3 events) in the 12 to 17 years
(inclusive) subgroup. Adverse events more commonly reported by ivacaftor-treated patients (as
compared to placebo) were as follows: Upper respiratory tract infection (2 events), pruritus (2 events),
investigations (2 events), pyrexia (1 event) and arthralgia (1 event) in the 6 to 11 years (inclusive)
age subset. For adolescents these adverse events were sputum increased (2 events), pyrexia (2
events), fatigue (1 event), malaise (1 event), arthralgia (1 event), back pain (1 event), torticollis (1
event) and headache (3 events). As previously stated headache is listed in section 4.8 of the Kalydeco
SmPC as a very common adverse reaction. A serious adverse event occurred in one ivacaftor-treated
child as compared to 3 placebo-patients.

A total of 16 female patients received ivacaftor while 15 received placebo. The overall incidence of
adverse events was slightly lower for male patients than for female patients during both treatments
(male: 72.7% [16 patients, 45 events] during ivacaftor treatment and 81.8% [18 patients, 64 events]
during placebo; female: 75.0% [12 patients, 46 events] during ivacaftor treatment and 86.7% [13
patients, 45 events] during placebo). The incidence of serious adverse events was higher in the
placebo group than in the ivacaftor group and higher in females than in males, i.e. placebo group:
26.7% (4/15) of females versus 13.6% (3/12) of males; ivacaftor group: 12.5% (2/16) versus 9.1%
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(2/22), respectively. The absolute numbers are, however, too small. In both males and females
pulmonary exacerbations were the most frequent serious adverse events.

A total of 13 patients with a baseline FEV1% predicted <70% received ivacaftor; in the categories of
270% to <90% and >90% this number was 11 and 14, respectively. These figures for patients
receiving placebo were 13, 11 and 13, respectively. The overall incidence of patients with any adverse
events was lower during ivacaftor than during placebo treatment in the FEV1 <70% and in the FEV1
270% to <90% predicted subgroups: 53.8% (7 patients, 27 events) during ivacaftor treatment and
84.6% (11 patients, 43 events) during placebo treatment in the FEV1 <70% subgroup and 72.7% (8
patients, 24 events) during ivacaftor treatment and 81.8% (9 patients, 33 events) during placebo
treatment in the FEV1 >270% to <90% predicted subgroup. In the FEV1 >90% predicted subgroup, the
incidence of patients with adverse events was higher during ivacaftor treatment (92.9% [13 patients,
40 events]) than during placebo treatment (84.6% [11 patients, 33 events]). The incidence of infective
pulmonary exacerbation of CF was lower during ivacaftor treatment (4 patients) than during placebo
treatment (6 patients) in the <70% subgroup. The incidence was the same during both treatments in
the 270% to <90% subgroup and similar during both treatments in the >90% subgroup.

Twenty-one patients from North America and 16 from Europe received placebo and 21 and 17 received
ivacaftor, respectively. The overall incidence of subjects with adverse events during ivacaftor
treatment was 71.4%, (15 patients, 46 events) in North America and 76.5% (13 patients, 45 events)
in Europe. The overall incidence of infective pulmonary exacerbations of CF during ivacaftor treatment
was 19.0% (4 patients, 5 events) in North America and 29.4% (5 patients, 5 events) in Europe. During
placebo treatment, the overall incidence of patients with adverse events was 76.2% (16 patients, 68
events) in North America and 93.8% (15 patients, 41 events) in Europe; the incidence of infective
pulmonary exacerbation of CF was 42.9% (9 patients, 11 events) in North America and 12.5% (2
patients, 3 events) in Europe.

The subgroup analysis by region suggests a different behaviour in the reporting system between the
two regions. It is somehow difficult to understand the high nhumber of adverse events reported in
Europe by placebo patients as compared to North America (almost a 20% difference between the two
regions). Similarly, the difference between the two regions regarding the percentage of infective
pulmonary exacerbation of CF reported is surprising. The MAH was requested to discuss the
differences. The MAH acknowledged that there is a numerical difference in reporting rates for the AE of
infective pulmonary exacerbation of CF reported in EU by placebo patients as compared to North
America. No consistent pattern could be found between regions when compared the ivacaftor and
placebo treatment periods. The MAH stated that this may be a chance finding due to multiple
comparisons in small numbers. This may be the case but as previously stated it cannot be completely
excluded that the patient population enrolled in these two regions differs in some characteristics
and/or that there are differences in the standard of care that may help to explain this observation. No
further questions are raised as the overall results of the trial are considered.

For the above mentioned subgroups of patients the MAH was requested to provide also the incidence of
serious adverse events. The only trend clearly seen was the higher incidence of pulmonary
exacerbations considered as serious adverse events reported for placebo-treated patients from North
America (28.6% [6/21]) versus that reported for patients from Europe (0 events [0/16]). Five of these
pulmonary exacerbations met the protocol definition of pulmonary exacerbation. The incidence in the
ivacaftor group was similar in both regions (a serious pulmonary exacerbation in each region). The
interpretation of the MAH was again that this may represent a chance finding when making multiple
comparisons in relatively small samples. This may be the case but it cannot be completely excluded
that the patient population enrolled in these two regions differs in some characteristics and/or that
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there are differences in the standard of care that may help to explain this observation. As in the
previous case the overall results of the trial are to be considered.

Liver functions tests (LFT), haematology, chemistry and coagulation tests were collected at several
study visits and analysed to describe changes in laboratory parameters over time and with treatment.

Regarding liver function tests, 2 ivacaftor-treated patients reported an adverse event of increased
alanine aminotransferase and increased GGT each. Both were considered by the investigator to be
related or possibly related to ivacaftor. The analysis of the maximum on-treatment liver function tests
results show that most ivacaftor-treated patients had ALT, AST and total bilirubin < 2 x Upper Limit
(94.7%, 100.0%, and 100.0%, respectively, on ivacaftor treatment and 91.9%, 97.3%, and 100.0%,
respectively, on placebo treatment). During ivacaftor treatment, two (5.3%) patients had at least 1
maximum ALT value >3 x ULN to <5 x ULN.

During placebo treatment, 1 patient (2.7%) had a maximum on-treatment ALT and AST values >8 x
ULN. Study drug was interrupted at Week 2 and resumed on Day 28, and the patient continued in the
study with no further LFT increases.

Plots of mean changes in liver function tests over time showed that with the exception of alkaline
phosphatase all other LFT parameters suffered an increase that was in general higher in ivacaftor-
treated patients than in placebo patients. The magnitude of the increases was, however, limited.

Changes in other chemistry parameters, haematology and coagulation were descriptively addressed by
the MAH. The data provided (mean changes and shifts from normal to low and high values) do not
suggest any specific pattern in the lab parameters discussed.

There were no clinically important trends attributable to ivacaftor treatment identified in the standard
digital ECGs and no adverse events associated with ECG abnormalities in study 111.

No patients had adverse events that led to study drug interruption during ivacaftor treatment. During
placebo treatment, 1 patient (2.7%) had an adverse event of increased hepatic enzymes that led to
study drug interruption. As previously stated, the event resolved and the patient resumed dosing and
continued in the study following the interruption.

In conclusion, the safety profile of ivacaftor in patients with non-G551D gating mutations included in
study 111 was consistent with that observed in studies 102 and 103 in patients with a G551D
mutation. However, it was noted that in the literature2?® describing the experience of the use of
ivacaftor in 14 patients on a named patient program in Germany it has been reported that “increased
bronchial secretions may warrant increased physiotherapy and intravenous antibiotic treatment in
these patients when ivacaftor is initiated”. The MAH was asked to discuss whether in the clinical trials
so far conducted, i.e. not limited to study 111, similar observations have been made (i.e. in close
relationship with the start of ivacaftor treatment). Sputum increased was one of the commonly seen
adverse events in previous trials. Overall, the MAH provided a comprehensive overview of the adverse
events of interest, but the analysis was limited to patients with FEV1 below 40%. The safety profile of
ivacaftor includes respiratory symptoms and signs such as sinus congestion, rhinitis, sputum increased,
rhinorrhoea etc., all of them compatible with an increased hydration of the sinopulmonary secretions.
This issue should be addressed in the successive PSURs and the discussion should not be limited to
patients with FEV1 less than 40%.

Further safety data will be gathered in the open label extension of study 111. The MAH also plans to
rollover patients from study 111 to study 112 for an additional period of two years to generate long

20 Hebestreit et al. Effects of ivacaftor on severely ill patients with cystic fibrosis carrying a G551D mutation. Journal of
Cystic Fibrosis 12 (2013) 599-603
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term safety data. This approach is endorsed. Submission of results of studies 111 and 112 is foreseen
in the RMP.

2.5.2. Conclusions on clinical safety

In conclusion, the safety profile of ivacaftor in cystic fibrosis patients aged 6 years and older with non-
G551D-CFTR gating mutations studied in Part 1 of trial 111 was consistent with that observed in
studies 102 and 103 in patients with a G551D mutation. No new safety concerns emerge from the
review of this safety data. There seems to be some differential effect between the two regions in the
reporting of some adverse events, in particular pulmonary exacerbations that were more frequently
reported by patients in the placebo group in North America. It is speculated that this may be the
consequence of performing multiple comparisons in small numbers. This may well be the case but it
cannot be completely ruled out that the patient population enrolled in the two regions differs in some
characteristics and/or that there are differences in the standard of care that may help to explain this
observation. The overall results of the trial should be considered and, therefore, no further issues are
raised in this respect.

2.5.3. PSUR cycle

The PSUR cycle remains unchanged.

The annex II related to the PSUR refers to the EURD list which remains unchanged.

2.6. Risk management plan

The CHMP received the following PRAC advice on the submitted Risk Management Plan:

The PRAC considered that the risk management system version 2.7 is acceptable. In addition,
minor revisions were recommended to be taken into account at the next RMP update. The
PRAC endorsed PRAC Rapporteur assessment report is attached.

The CHMP endorsed the PRAC advice without changes. The MAH consolidated the changes in the RMP
introduced in other procedures concluding at the same time (variations 1I/0013 and 1I/0015/G). The
CHMP endorsed the consolidated Risk Management Plan version 2.8.

The endorsed Risk Management Plan had the following content:

Safety concerns

Table 43. Summary of Safety Concerns

Important identified None

risks

Important potential e Effects on liver function tests

risks e Cataract
¢ Concomitant use of ivacaftor with strong CYP3A inhibitors or inducers
e Cardiac arrhythmias
e Off-label use in children less than 6 years of age and in patients

without an approved CFTR mutation

Missing information Use in pregnant and lactating women

e Pulmonary exacerbations and bacterial sputum colonization with long-
term ivacaftor treatment

e Use in children between 6 to 11 years old

e Patients with FEV; <40%

e Safety in patients with cardiac diseases

Kalydeco II-09
EMA/CHMP/360053/2014 Page 84/90



e Long-term safety
e Clinical relevance of P-gp inhibition by ivacaftor
e Patients with moderate or severe hepatic impairment

Pharmacovigilance plans

Table 44. Ongoing and Planned Additional Pharmacovigilance Studies/Activities in the
Pharmacovigilance Plan

lactation

e Pulmonary exacerbations
and bacterial sputum
colonization

e Use in children between 6 to
11 years old

e Use in patients with FEV;
<40%

e Patients with cardiac disease

e Long-term safety

e Patients with hepatic
impairment

Date for
Submission of
Study/Acti Interim or
vity Title Status Final Reports
and Study (Planned, | (Planned or
Type Objectives Safety Concerns Addressed | Started) Actual)
Study To evaluate the long- | e Effects on liver function tests | Started Interim Report
VX08-770- term safety and « Concomitant use with strong annually (with
105 efficacy of VX-770 in CYP3A inhibitors or inducers the PSUR)
(Interventio | subjects with CF « Cardiac arrhythmias
nal, 1) « Pulmonary exacerbations Final Report:
and bacterial sputum December 2015
colonization
e Use in patients with FEV;
<40%
e Patients with cardiac disease
e Long-term safety
e Use in children between 6 to
11 years old
Study To evaluate the Use in children between 6 to Started September
VX11-770- efficacy and safety of | 11 years old 2014
110 ivacaftor in subjects
(Interventio | with CF who have the
nal, 3) R117H-CFTR
mutation
Study To evaluate the Use in children between 6 to Started June 2015
VX12-770- efficacy and safety of | 11 years old
111 ivacaftor in subjects
(Interventio | with CF who have a
nal, 3) non-G551D CFTR
gating mutation
Long-term To evaluate the long- | e Cardiac arrhythmias Started Annual Reports:
Safety term safety of « Off-label use in children less December
Study ivacaftor in patients than 6 years of age and in 2013/2014/
(Non- with CF patients without an 2015/2016
intervention approved CFTR mutation
al, 1) ¢ Use in pregnancy and Final Report:

December 2017

Kalydeco II-09

EMA/CHMP/360053/2014

Page 85/90




Date for
Submission of

Study/Acti Interim or
vity Title Status Final Reports
and Study (Planned, | (Planned or
Type Objectives Safety Concerns Addressed | Started) Actual)
Study To evaluate the e Use in children between 6 to | Started June 2017
VX12-770- safety of long-term 11 years old
112 ivacaftor treatment ¢ Long-term safety
(Interventio | in subjects 6 years of
nal, 3) age and older with

CF and a non-G551D

CFTR mutation
Study VX12 | An Ocular Safety Cataract Started Interim Report
-770-115 Study of annually (with
(Interventio | Ivacaftor-Treated the PSUR)
nal, 3) Pediatric Patients

11 Years of Age or Final Report:

Younger With Cystic December 2016

Fibrosis
(Nonclinical, | An analysis of PK Avoidance of potential Planned September
3) data, including data overexposure in children 2014

from Study 110 and

Study 111 on a need

to perform a dose

finding study in

children 6 to 11

years of age
(Nonclinical, | Provisionally, apply Avoidance of potential Planned June 2016
3) for registration of overexposure in children

presentation of

ivacaftor with

reduced strengths

suitable for modified

dosing (according to

previously submitted

analyses of PK data)

Risk minimisation measures

No new risk minimisation measures were introduced with this procedure. There are no additional risk
minimisation activities in place for this product.

2.7. Update of the Product information

As a consequence of this new indication, sections 4.1, 4.2, 4.4, 4.8, 5.1 and 5.2 of the SmPC have
been updated. Particularly, a new warning with regard to lack of clinically relevant improvement from
treatment in patients with G970R mutation in the CFTR gene has been added to the product

information.

The Package Leaflet has been updated accordingly.
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3. Benefit-Risk Balance
Benefits

Beneficial effects

Ivacaftor 150 mg every 12 hours has been shown in a short-term, placebo-controlled cross-over study
(Part 1 of study 111) to be statistically different from placebo in a number of efficacy variables
including PPFEV1 in patients with cystic fibrosis with non-G551D-CFTR gating mutations included in this
study. The primary endpoint was the mean absolute change from baseline in PPFEV1 which is the
recommended primary clinical endpoint in efficacy studies for CF given that lung function in CF declines
with age and is a significant predictor of mortality. The observed treatment difference (95%CI)
between ivacaftor and placebo was 10.7 % (7.3, 14.1) and is not only statistically significant but also
clinically relevant.

Positive outcomes were also observed for the secondary endpoints mean absolute change from
baseline in BMI and mean absolute change in the respiratory domain of the CFQ-R. These results were
also statistically significant and consistent with the primary endpoint. The effect of ivacaftor on CFTR
function was also assessed by the mean absolute change in sweat chloride from baseline through 8
weeks, for which a statistically significant difference versus placebo was also observed.

In conclusion, consistency has been observed not only between the primary and secondary endpoints
in Part 1 of study 111 but also across studies, i.e. studies 102 and 103 in patients with a G551D
mutation, another gating mutation for which ivacaftor is already indicated.

Uncertainty in the knowledge about the beneficial effects

The efficacy of ivacaftor for patients with the studied non-G551D-CFTR gating mutations with mild to
moderate lung disease has been shown in a limited humber of patients (n=39) and for a short time.
Therefore, efficacy data on the maintenance of the effect is lacking and is especially relevant given the
chronic condition of the disease.

The initially claimed indication covered all gating mutations despite that only a limited number of them
have been characterised in vitro and assessed in vivo, i.e. G178R, S549N, S549R, G551S, G970R,
G1244E, S1251N, S1255P, S1255P and G1349D. All of them are missense mutations for which the
clinical consequences are difficult to anticipate. Concerns were raised regarding whether all of the
mutations considered were disease-causing and also regarding the heterogeneity of the patient
population enrolled in study 111 and patients with gating mutations in general.

Narratives provided for patients with an unexpected small reduction in sweat chloride while on
ivacaftor and analyses by specific non-G551D gating mutation showed that patients with a G970R-
CFTR mutation consistently respond to ivacaftor with a limited reduction in sweat chloride when
compared to patients with other non-G551D gating mutations. The analysis also showed that indeed
patients with a non-G551D gating mutation constitute a heterogeneous population in terms of clinical
response to ivacaftor. As a consequence and in spite of the fact that an indication limited to the specific
mutations assessed in study 111 was proposed by the MAH, it was considered that the G970R-CFTR
mutation should not be part of the indication. The MAH latest proposal for section 4.1 of the SmPC is in
line with this.

The uncertainties about the exact mechanism of action (the interaction with CFTR protein) and lack of
a demonstrated strong correlation between the in vitro and in vivo results for particular mutations at
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present prevent considering potential in vitro data driven extrapolation of the demonstrated efficacy to
other mutations.

No suitable response guided therapy has been identified by the MAH as all the analyses performed
suggest that there is no correlation between sweat chloride levels and changes in FEV1 improvement.
As the dataset is still limited the MAH is encouraged to further pursue an understanding of potential
relationships.

Regarding the maintenance of the effect, the MAH performed a post-hoc analysis of the efficacy data of
studies 102 and 103 (pivotal studies that assessed the efficacy and safety of ivacaftor for 48 weeks in
patients with a G551D gating mutation) and have shown that the majority of patients who respond to
ivacaftor at Week 8 keep this improvement at Week 24. This is also expected for patients with a non-
G551D gating mutation. The 16-week open label extension of study 11 could help to address whether
the effect of ivacaftor is kept up to 24 weeks of treatment (8 weeks in the cross-over portion of the
trial plus 16 weeks in the open label extension). This open-label extension has finished and the final
CSR of study 111 is expected in June 2014. It should be made available as soon as possible.
Furthermore, patients will be rolled over to an extension study (study 112) for an additional 2-year
period after the last dose of study drug in study 111. Submission of results for studies 111 and 112 is
foreseen in the RMP.

Risks

Unfavourable effects

The safety profile of ivacaftor in cystic fibrosis patients aged 6 years and older with a non-G551D-CFTR
gating mutation in Part 1 of study 111 was consistent with that observed in studies 102 and 103 in
patients with a G551D mutation. No new safety concerns emerge from the review of the safety data.

The incidence of the following adverse events was higher in ivacaftor-treated patients than in placebo-
treated patients: rhinitis (7.9%), pyrexia (7.9%); fatigue and constipation were reported by 2 (5.3%)
ivacaftor patients each; in the SOC Investigations 4 (10.5%) ivacaftor patients reported some adverse
event versus 2 (5.4%) placebo patients. Arthralgia was reported by 2 (5.3%) ivacaftor patients.

Sputum increased (considered treatment related) was reported by 2 (5.3%) ivacaftor-treated patients
while none of the placebo patients reported this adverse reaction. Treatment-related investigations
(increased ALT, increased blood creatinine, increased GGT) only occurred during ivacaftor treatment
(5.3% [2 subjects]).

Uncertainty in the knowledge about the unfavourable effects

It is likely that the short-term duration of the trial limits the number of adverse events reported.
Similarly, the low nhumber of patients enrolled would make it difficult that the less frequent adverse
reactions appear. Further safety data from the studies ongoing is expected to become available and
will increase the safety database.

Benefit-Risk Balance

Importance of favourable and unfavourable effects

Cystic fibrosis (CF) lung disease is the primary cause of morbidity and mortality in CF. Patients with CF
typically experience a progressive loss of lung function ultimately resulting in respiratory failure and
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death. The rate of decline in FEV1 may be variable depending on several factors such as genotype and
environmental factors. Correlation between the genotype and the lung disease phenotype is
particularly weak. CFTR mutations may cause CF or be associated with CFTR-related disorders but they
also may have no clinical consequences or have unknown or uncertain clinical relevance. All of the non-
G551D gating mutations assessed in study 111 are missense mutations for which the clinical
implications are difficult to assess. Narratives provided for patients with an unexpected small reduction
in sweat chloride while on ivacaftor and analyses by specific non-G551D gating mutations show that
patients with a G970R-CFTR mutation consistently respond to ivacaftor with a limited reduction in
sweat chloride when compared to patients with other non-G551D gating mutations. As a consequence
and in spite of the fact that an indication limited to the specific mutations assessed in study 111 was
already proposed by the MAH, this was considered insufficient and the G970R-CFTR mutation was
excluded from the proposed indication.

However, the MAH expressed their concern that this mutation-by-mutation approach (rather than
grouping them) would preclude the inclusion of new mutations in the labelling given their rarity. This is
acknowledged, however, it would not be acceptable to ignore the results of ivacaftor in patients
carrying the G970R mutation. Overall, the MAH is encouraged to further pursue the characterisation of
the mechanism of action of ivacaftor as well as the identification of individual factors that may be
predictive of response to it.

The effect of ivacaftor in lung function (measured as FEV1% predicted) in a patient population with
mild to moderate lung disease is clinically relevant in terms of the treatment effect observed. A smaller
effect has been observed in children who are more likely to have a mild lung disease. This is not
unexpected. Positive effects have been also observed on extrapulmonary outcomes such as BMI and
quality of life. These effects are in line with what is already known for ivacaftor in patients with a
G551D-CFTR mutation. The analysis by specific non-G551D mutation, however, showed that the
magnitude of the response to ivacaftor varies among the different mutations likely reflecting the
heterogeneity of this patient population.

Although CF is a chronic condition the long-term data are limited. Nevertheless, post-hoc analyses
performed in studies 102 and 103 in patients with a G551D gating mutation suggest that the majority
of patients who respond to ivacaftor at Week 8 keep this improvement at Week 24. This is also
expected for patients with a non-G551D gating mutation but needs to be confirmed. Results from the
extension phase (Part 2) of study 111 could help to confirm the effect of ivacaftor up to 24 weeks of
treatment.

No new safety concerns have emerged from the review of the safety data of Part 1 of study 111.
Overall, the safety profile is consistent with what is known for patients with a G551D gating mutation
for whom data on the long term are available. There is no reason to believe that this would not be the
case for patients with a non-G551D gating mutation but the open label extension of study 111 and the
rollover study 112 will address this issue.

Discussion on the Benefit-Risk Balance

Cystic fibrosis represents an area of a high-unmet medical need for specific targeted therapies. In
patients with cystic fibrosis lung function declines with age and is a significant predictor of mortality.
Ivacaftor has been shown to improve lung function in patients with mild to moderate disease and the
following gating mutations in the CFTR gene: G551D, G1244E, G1349D, G178R, G551S, G970R,
S1251N, S1255P, S549N, or S549R. Gating mutations as a group do not have high prevalence (when
compared with the prevalence of F508del) and, consequently, the number of subjects who can benefit
from treatment with ivacaftor for the time being is limited.
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Overall, the results of Part 1 of study 111 demonstrate that patients with the non-G551D gating
mutations mentioned above can be expected to benefit from treatment with ivacaftor, and these
benefits outweigh the risks identified in the safety profile of the product, which in this population does
not considerably differ from the profile in patients with G551D mutation (for which ivacaftor is already
authorised).

As previously discussed the therapeutic indication has been amended from an unrestricted indication to
a more specific one to address the heterogeneity of the different mutations and the consistent findings
that patients carrying the G970R-CFTR gating mutation respond less to ivacaftor. The MAH has agreed
to that and the current proposal for section 4.1 of the SmPC is in line with this.

The overall benefit/risk balance of Kalydeco in treatment of CF patients from age of 6 with respective
gating mutations in the CFTR gene (G1244E, G1349D, G178R, G551S, S1251N, S1255P, S549N and
S549R) is considered positive.

In addition, the CHMP considered that the applicant should submit the following safety data the next
PSUR: in future PSURs the MAH should analyse the events of increased respiratory secretions, not
limiting the analysis to patients with FEV1 below 40% predicted.

4. Recommendations

Similarity with authorised orphan medicinal products

The CHMP is of the opinion that Kalydeco is not similar to Bronchitol (mannitol) within the meaning of
Article 3 of Commission Regulation (EC) No. 847/200. See appendix 1.

Final Outcome

Based on the review of the submitted data, the CHMP considers the following variation acceptable and
therefore recommends the variation to the terms of the Marketing Authorisation, concerning the
following change(s):

Variation(s) requested Type
C.1.6a Change(s) to therapeutic indication(s) - Addition of a 1I
new therapeutic indication or modification of an approved
one

Extension of Indication to include additional gating (class III) mutations in the CFTR gene: G1244E,
G1349D, G178R, G551S, S1251N, S1255P, S549N and S549R.

As a consequence, sections 4.1, 4.2, 4.4, 4.8, 5.1 and 5.2 of the SmPC have been updated.
Particularly, a new warning with regard to lack of clinically relevant improvement from treatment in
patients with G970R mutation in the CFTR gene has been added to the product information. The
Package Leaflet has been updated accordingly.

The requested variation proposed amendments to the SmPC and Package Leaflet.
Paediatric data

Furthermore, the CHMP reviewed the available paediatric data of studies subject to the agreed
Paediatric Investigation Plan P/0300/2012 and the results of these studies are reflected in the
Summary of Product Characteristics (SmPC) and, as appropriate, the Package Leaflet.
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