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1. EXECUTIVE SUMMARY
Vertex has submitted the NDA 210491 seeking the marketing approval for tezacaftor/ivacaftor
(SYMDEKO), to be used for “the treatment of patients with cystic fibrosis (CF) aged 12 years and older
who are homozygous for the F508del mutation or who have at least one mutation in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene that is responsive to tezacaftor/ivacaftor based on in
vitro data and/or clinical evidence.”
Tezacaftor (also known as VX-661) acts by facilitating the cellular processing and trafficking of CFTR,
thereby increasing the amount of functional CFTR protein at the cell surface. Ivacaftor (KALYDECO,
also known as VX-770) is a selective potentiator of CFTR and is currently approved “for the treatment of
cystic fibrosis (CF) in patients age 2 years and older who have one mutation in the CFTR gene that is
responsive to ivacaftor based on clinical and/or in vitro assay data”. The approved dosing regimen for
ivacaftor is 150 mg BID for patients 6 years and older, and a weight-tiered dosing regimen for younger
patients.
Tezacaftor/ivacaftor (hereafter referred to as TEZ/IVA) is tablet formulation of a fixed dose combination
(FDC) of TEZ and IVA (CFTR potentiator). The proposed dose is one tablet (containing tezacaftor 100
mg/ivacaftor 150 mg) in the morning and one tablet (containing ivacaftor 150 mg) in the evening,
approximately 12 hours apart. SYMDEKO should be taken with fat-containing food.
NDA 210491 consists of 13 clinical and clinical pharmacology studies, including 7 clinical pharmacology
studies in healthy subjects (Study 001, 004, 005, 006, 008, 009, 010), and 6 clinical studies (2 phase II
studies 101 and 103, 3 phase III studies 106, 107, 108, and open-label rollover Study 110) to demonstrate
the efficacy and safety of TEZ/IVA. In addition to the TEZ studies, studies from the Kalydeco® program
(Studies 770-017 and 770-104) that provide data for the TEZ/IVA combination are also included.
Majority of the clinical pharmacology studies for IVA have been previously reviewed in NDA 203188
(Dr. Lokesh Jain, review dated 01/18/2012).
Besides clinical studies, several in vitro studies were submitted to support the mutations based on in vitro
data. The in vitro assay was conducted in ivacaftor-responsive mutations and F508del. OCP finds the
FRT assay to be adequate to recognize mutations for which the combination of TEZ/IVA increases
chloride transport in vitro. The in vitro assay also identifies mutations for which IVA is likely to be
clinically effective, but the in vitro data may not accurately predict added clinical benefit of Symdeko
(TEZ/IVA combination) over Kalydeco (ivacaftor) alone for individual mutations. In addition, the
magnitude of the net change over baseline in CFTR-mediated chloride transport is not correlated with the
magnitude of clinical response for individual mutations. The added benefit of TEZ/IVA over IVA alone
has been demonstrated in a diverse group of mutations in clinical trials. In this context, the applicant’s
proposed definition of in vitro response – achieving chloride conductance of greater than 10% of wildtype over baseline – is acceptable.
OCP recommends the application be approved with revisions to labeling.
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1.1 Recommendations
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP2) has reviewed
NDA 208418 Clinical Pharmacology data submitted on May 16, 2016 and recommends approval. The
key review issues with specific recommendations/comments are summarized below:
Review Issue

Recommendations and Comments

Pivotal or supportive evidence of
effectiveness

Phase III studies, and in vitro FRT assay

General dosing instructions

The proposed dosing is acceptable based on phase 2 and 3 studies.
See section 2.2.1.

Dosing in patient subgroups
(intrinsic and extrinsic factors)

The proposed dosing is acceptable. See section 2.2.2.

Labeling

See section 2.4 for labeling.

In vitro assay to support the
indication

In general, the TEZ/IVA FRT assay is acceptable. The 10% cutoff
could be applied to decide whether a mutation is responsive to
TEZ/IVA in vitro, similar to the case for IVA monotherapy. Note
that the in vitro data may not accurately predict added clinical
benefit of SYMDEKO (tezacaftor/ivacaftor combination) over
KALYDECO (ivacaftor) alone for individual mutations. In addition,
the magnitude of the net change over baseline in CFTR-mediated
chloride transport is not correlated with the magnitude of clinical
response for individual mutations.

1.2 Post-Marketing Requirements and Commitments
None.

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT
2.1 Pharmacology and Clinical Pharmacokinetics
TEZ and IVA have complementary mechanisms of action. TEZ improves the processing and trafficking
of the CFTR protein, resulting in an increase in the quantity of CFTR protein at the cell surface. IVA
increases the channel open probability of the CFTR protein delivered to the cell surface by TEZ. The
combined effect of TEZ and IVA is increased quantity and function of CFTR at the cell surface. The
following is a summary of the clinical pharmacokinetics of TEZ/IVA:
Absorption: After a single dose in healthy subjects in the fed state, tezacaftor was absorbed with a
median (range) time to maximum concentration (Tmax) of approximately 4 hours (2 to 6
hours). The median (range) Tmax of ivacaftor was approximately 6.0 hours (3 to 10 hours)
in the fed state.
9
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When a single dose of TEZ/IVA was administered with fat-containing foods, Tezacaftor
exposure was similar and ivacaftor exposure was approximately 3 times higher than when
taken in a fasting state (Study 004).
Distribution: Tezacaftor is approximately 99% bound to plasma proteins, primarily to albumin. Ivacaftor
is approximately 99% bound to plasma proteins, primarily to alpha 1 acid glycoprotein and
albumin. After oral administration of tezacaftor 100 mg once daily in combination with/
ivacaftor 150 mg every 12 hours in patients with CF in the fed state, the mean (±SD) for
apparent volume of distribution of tezacaftor and ivacaftor was 271 (157) L and 206 (82.9)
L, respectively (Study 101). Neither tezacaftor nor ivacaftor partition preferentially into
human red blood cells.
Elimination: After oral administration of tezacaftor 100 mg once daily / ivacaftor 150 mg every 12 hours
in patients with CF in the fed state, the mean (±SD) for apparent clearance values of
tezacaftor and ivacaftor were 1.31 (0.41) and 15.7 (6.38) L/h, respectively (Study 101).
After steady state dosing of tezacaftor in combination with ivacaftor in CF patients, the
effective half-lives of tezacaftor and ivacaftor were approximately 15.0 and 13.7 hours,
respectively.
Metabolism: Tezacaftor is metabolized extensively in humans. In vitro data suggested that
tezacaftor is metabolized mainly by CYP3A4 and CYP3A5. Following oral
administration of a single dose of 100 mg 14C tezacaftor to healthy male subjects,
M1, M2, and M5 were the three major circulating metabolites of tezacaftor in
humans. M1 has the similar potency to that of tezacaftor and is considered
pharmacologically active. M2 is much less pharmacologically active than
tezacaftor or M1, and M5 is not considered pharmacologically active. Another
minor circulating metabolite, M3, is formed by direct glucuronidation of tezacaftor.
Ivacaftor is also metabolized extensively in humans. In vitro and in vivo data
indicate that ivacaftor is metabolized primarily by CYP3A4 and CYP3A5. M1 and
M6 are the two major metabolites of ivacaftor in humans. M1 has approximately
one sixth the potency of ivacaftor and is considered pharmacologically active. M6
is not considered pharmacologically active.
Excretion: Following oral administration of 14C tezacaftor, the majority of the dose (72%) was
excreted in the feces (unchanged or as the M2 metabolite) and about 14% was
recovered in urine (mostly as M2 metabolite), resulting in a mean overall recovery
of 86% up to 21 days after the dose. Less than 1% of the administrated dose was
excreted in urine as unchanged tezacaftor, showing that renal excretion is not the
major pathway of tezacaftor elimination in humans.
Following oral administration of ivacaftor alone, the majority of ivacaftor (87.8%)
is eliminated in the feces after metabolic conversion. There was minimal
elimination of ivacaftor and its metabolites in urine (only 6.6% of total
10
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radioactivity was recovered in the urine), and there was negligible urinary excretion
of ivacaftor as unchanged drug.
DDI between TEZ and IVA: In CF patients, TEZ exposure is not affected by IVA. IVA exposure
increased by approximately 17% in the presence of TEZ. However, in CF patients with residual function
mutations, the approved KALYDECO (IVA monotherapy) dose is already at plateau of the exposureresponse curve for efficacy (Figure 7). Therefore, the additional efficacy with TEZ/IVA treatment
compared to the IVA monotherapy in these patients (Study 108) is unlikely due to the increase in IVA
exposure.

2.2 Dosing and Therapeutic Individualization
2.2.1 General dosing
Dosing recommendations are shown in Table 1 below:
Table 1. Summary of dosing recommendations for patients of all ages.

(Source: Table 1, clinical overview)

The regimen of TEZ 100 mg qd/IVA 150 mg q12h was selected for Phase 3 studies based on results of
dose-ranging in Study 101 and Study 103 in F/F subjects ≥18 years old. Study 101 demonstrated
clinically meaningful and statistically significant improvements in ppFEV1 with TEZ 100 mg qd/IVA
150 mg q12h dosing regimen, and no further increase in ppFEV1 with a higher TEZ dose. Study 103
indicated that an alternative regimen of TEZ 50 mg q12h/ IVA 150 mg q12h resulted in a lower mean
change in ppFEV1 compared to the TEZ 100 mg qd/IVA 150 mg q12h dosing regimen (See section
3.3.2). IVA 150 mg q12h was selected because it is the approved Kalydeco dose for patients aged 12
years and older.
Efficacy/safety data from the pivotal Phase 3 studies support the recommended dosing regimen of TEZ
100 mg qd in combination with IVA 150 mg q12h for the proposed indications.

2.2.2 Therapeutic individualization
Hepatic Impairment: In a dedicated hepatic impairment study (Study 009), following multiple doses of
tezacaftor and ivacaftor for 10 days, the total and unbound AUCτ of VX-661 was 36% and 47% higher,
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respectively, and the AUCτ of IVA was 52% higher in subjects with moderate hepatic impairment than in
matched healthy subjects. IVA is predominately cleared via a hepatic route. Based on the results of the
hepatic impairment study with IVA alone (Study 770-013), subjects with moderately impaired hepatic
function had approximately two-fold increase in ivacaftor AUCinf. Therefore, a dose reduction (from 150
mg q12h to 150 mg qd) during IVA monotherapy is recommended in patients with moderate hepatic
impairment. While the IVA exposure was only 52% higher in study 009, we still recommend dose
adjustment (from 150 mg q12h to 150 mg qd) based on the largest change in exposure observed in studies
with moderate hepatic impairment subjects. These recommendations are consistent with the labeling for
IVA monotherapy.
For dose adjustment in patients with hepatic impairment, refer to Table 2. Studies have not been
conducted in patients with severe hepatic impairment (Child-Pugh Class C), but exposure of tezacaftor
and ivacaftor is expected to be higher compared to patients with moderate hepatic impairment.
SYMDEKO should be used with caution at a reduced dose after weighing the risks and benefits of
treatment in these patients. See section 3.3.3.
Table 2. Dosage Recommendations for Patients with Hepatic Impairment
Morning

Evening

Mild (Child-Pugh Class A)

No dose adjustment

No dose adjustment

Moderate (Child-Pugh Class B)

One tablet of tezacaftor 100 mg/ivacaftor 150 mg
once daily

Severe (Child-Pugh Class C)

One tablet of tezacaftor 100 mg/ivacaftor 150 mg
once daily (or less frequently)

No ivacaftor 150 mg
dose

Strong CYP3A Inhibitors: Co administration with itraconazole, a strong CYP3A inhibitor, increased
tezacaftor exposure (AUC) by 4.0 fold and ivacaftor by 15.6 fold (study 006). Therefore, when co
administered with strong inhibitors of CYP3A (e.g., ketoconazole, itraconazole, posaconazole,
voriconazole, telithromycin, and clarithromycin), the dose should be adjusted to one tablet of tezacaftor
100 mg/ivacaftor 150 mg twice a week, taken approximately 3 to 4 days apart. The evening dose of
ivacaftor 150 mg should not be taken. See section 3.3.4 for details of dose justification.
Moderate CYP3A Inhibitors: Physiologically based pharmacokinetic modeling suggested co
administration with fluconazole, a moderate CYP3A inhibitor, may increase tezacaftor exposure (AUC)
by approximately 2.0 fold. In a previous study, co administration of fluconazole increased ivacaftor
exposure (AUC) by 3.0 fold. When co administered with moderate CYP3A inhibitors, the dose of
SYMDEKO should be reduced (Table 3). See section 3.3.4 for details of dose justification.
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Table 3. Dosing Schedule for Concomitant Use of SYMDEKO with Moderate CYP3A Inhibitors
Day 1

Day 2

Day 3

Day 4*

Morning Dose
Tezacaftor 100 mg/ivacaftor 150 mg tablet



-



-

Ivacaftor 150 mg tablet

-



-



Ivacaftor 150 mg tablet

-

-

-

-

Evening Dose

*Continue dosing with tezacaftor 100 mg/ivacaftor 150 mg or ivacaftor 150 mg tablets on alternate days.

2.3 Outstanding Issues
There was no Clinical Pharmacology related outstanding issue for this submission.

2.4 Summary of Labeling Recommendations
The Office of Clinical Pharmacology recommends the following labeling concepts to be included in the
final package insert:











(b) (4)
Section 7:
DDI should not be included in section 7.
Section 7: The drug used in the oral hormonal contraceptive DDI study should be listed, while the
no interaction conclusion is applicable to all oral hormonal contraceptives in general.
Section 7: Ciprofloxacin (lack of )DDI with TEZ/IVA should be included in section 7.
Section 8: Pediatric approval (12-17 yrs) is based on efficacy/safety studies. This should be listed
in section 8.
Section 12.1: Interpretation of results from TEZ/IVA in vitro FRT assay
Section 12.2: cardioelectrophysiology labeling language should be updated based on QT-IRT
review.
(b) (4)
Section 12.3: Effective half-life,
for TEZ should be displayed in the label.
Section 12.3: Pediatric PK should be listed in the label.
Section 12.3: PK in subjects with renal impairment updated based on population PK analysis.
(b) (4)
Section 12.3:
should not be included in section 12.3.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW
3.1 Overview of the Product and Regulatory Background
Product:
Tezacaftor is a small molecule drug. Its structure is shown in Figure 1 and its physicochemical
properties are listed in Table 4.
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Figure 1. Molecular structure of tezacaftor and ivacaftor
Table 4. Tezacaftor physical chemical properties
Molecular Formula

C26H27N2F3O6

Molecular Weight

520.50 g/mol

Physical State

Tezacaftor drug substance is a white to off-white crystalline solid

Physical form

The physical form of tezacaftor drug substance is

BCS class

BCS class 2

Dissociation Constants

Tezacaftor drug substance is not ionizable.

Solubility

practically insoluble in water and buffer solutions pH 1.0 to pH 9.0

Partition Coefficient

The octanol/water partition coefficient of tezacaftor was found to be 3800 (log10Pow =
3.6) at 20°C as determined using the liquid-liquid distribution chromatography method.

(b) (4)

.

(Source: Reviewer summary)

The proposed medicinal product (SymdekoTM) is a combination of 2 orally bioavailable small molecules,
tezacaftor (TEZ) and ivacaftor (IVA).
•
•

Morning dose: 1 fixed-dose combination (FDC) tablet containing 100 mg TEZ and 150 mg IVA,
supplied as a yellow, film-coated tablet.
Evening dose: 1 tablet containing 150 mg IVA, supplied as a blue, film-coated tablet.

Regulatory background:
There are two currently approved CFTR modulator therapies in the U.S., both marketed by Vertex.
Kalydeco® (ivacaftor), the potentiator component of TEZ/IVA, is indicated for the treatment of CF in
patients age 2 years and older who have one mutation in the CFTR gene that is responsive to IVA based
on clinical and/or in vitro assay data. Orkambi® (lumacaftor/ivacaftor) is a combination product which is
indicated for the treatment of CF in patients age 6 years and older who are homozygous for the F508del
mutation in the CFTR gene. In addition, there are approved treatments for managing the downstream
14
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consequences of diminished CFTR function, such as controlling airway infection and inflammation
(inhaled antibiotics), mobilizing secretions to reduce airway obstruction (Dornase Alfa), and correcting
nutritional deficits caused by pancreatic insufficiency (pancreatic enzymes).
TEZ/IVA is a new CFTR modulator combining TEZ and the potentiator (IVA). Compared to ORKAMBI,
TEZ does not have significant DDI potential. TEZ/IVA was studied under IND 108105 for the treatment
of CF (IND opened May 2010). There have been several interactions between the Agency and the
Sponsor to discuss the clinical pharmacology program of the proposed product. The key Clinical
Pharmacology and Biopharmaceutics agreements are summarized in Table 5. TEZ/IVA was granted
orphan designation on June 15, 2017, and breakthrough designation on Jan 28, 2014. The NDA is
reviewed under priority review timelines.
Table 5. Summary of Regulatory history relevant to clinical pharmacology
PNDA

Agreed on general clinical pharm studies adequate to support NDA filing

(5/30/2017)



pop PK analysis should assess impact of TEZ on IVA



PK/PD analysis of IVA monotherapy on F/Residual function, for combination rule

Type B
(11/4/2015)
EOP1/2
(11/5/2014)

Only need to demonstrate contribution of each component in one mutation subgroup
(F508del/F508del)
Agreed that 12-17 yr old can be included in phase 3 studies with the same dose as adults.


Agreed on the overall clin pharm program (DDI plan; the special population
assessment plan, that a moderate hepatic impairment study is reasonable, and a
renal impairment study is not necessary; QT study)



Discuss about FDC PK bridging



Discussed potential impact of TEZ on IVA PK

(Source: reviewer summary)

NDA 210491 consists of 13 clinical and clinical pharmacology studies, including 7 clinical pharmacology
studies in healthy subjects (study 001, 004, 005, 006, 008, 009, 010), and 6 clinical studies (2 phase II
studies 101 and 103, 3 phase III studies 106, 107, 108, and open-label rollover study 110) to demonstrate
the efficacy and safety of TEZ/IVA. In addition to the TEZ studies, studies from the Kalydeco® program
(Studies 770-017 and 770-104) that provide data for the TEZ/IVA combination are also included (Table
6). Besides clinical studies, several in vitro studies were submitted to support the indication of mutations
based on in vitro data.
Majority of the clinical pharmacology studies for IVA have been previously reviewed in NDA 203188
(Dr. Lokesh Jain, review dated 01/18/2012). See Appendix 4.5 for individual study reviews for clinical
pharmacology studies.
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Table 6. List of Clinical Pharmacology Studies

(Source: reviewer summary)

3.2 General Pharmacology and Pharmacokinetic Characteristics
CF is a progressive, systemic, life-shortening, genetic disease that is caused by reduced quantity and/or
function of the CFTR protein due to mutations in the CFTR gene. In people with CF, loss of chloride
transport due to defects in CFTR result 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. Lung disease is the primary cause of morbidity and mortality in
people with CF.
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SUMMARY OF CLINICAL PHARMACOLOGY AND PHARMACOKINETICS
Pharmacology
Review Issues

Mechanism of Action

Active Moieties

QT Prolongation

Recommendations and Comments
TEZ and IVA have complementary mechanisms of action. Tezacaftor
facilitates the cellular processing and trafficking of normal or multiple
mutant forms of CFTR (including F508del CFTR) to increase the
amount of functional CFTR protein delivered to the cell surface,
resulting in increased chloride transport. Ivacaftor is a CFTR potentiator
that facilitates increased chloride transport by potentiating the channel
open probability (or gating) of the CFTR protein at the cell surface. For
ivacaftor to function CFTR protein must be present at the cell surface.
Ivacaftor can potentiate the CFTR protein delivered to the cell surface by
tezacaftor, leading to a further enhancement of chloride transport than
either agent alone. The combined effect of tezacaftor and ivacaftor is
increased quantity and function of CFTR at the cell surface, resulting in
increases in chloride transport, airway surface liquid height, and ciliary
beat frequency.
Tezacaftor parent drug is the active moiety. M1, M2, and M5 were the 3
major circulating metabolites of tezacaftor in humans. M1 has the similar
potency to that of tezacaftor and is considered pharmacologically active.
M2 is much less pharmacologically active than tezacaftor or M1, and M5
is not considered pharmacologically active.
Ivacaftor parent drug is the active moiety. M1 and M6 are the two major
metabolites of ivacaftor in humans. M1 has approximately one sixth the
potency of ivacaftor and is considered pharmacologically active. M6 is
not considered pharmacologically active.
The effect of multiple doses of tezacaftor 100 mg and 300 mg once daily
on QTc interval was evaluated in a double blind, randomized, placebo
and active controlled study with parallel design with nested crossover
cohorts for moxifloxacin and placebo in 96 healthy subjects. At a dose 3
times the maximum recommended dose, tezacaftor does not prolong the
QT interval to any clinically relevant extent. The largest upper bound of
the 2-sided 90% CI for the mean difference between tezacaftor and
placebo was below 10 ms.
In a separate study of ivacaftor evaluating doses up to 3 times the
maximum approved dose, ivacaftor does not prolong the QT interval to
any clinically relevant extent.

General Information
Bioanalysis

Healthy Subjects vs.
Patients

Tezacaftor and ivacaftor plasma concentrations were measured using
validated liquid chromatography (LC) with tandem mass spectrometric
detection (MS/MS).
The pharmacokinetics of tezacaftor is similar between healthy adult
volunteers and patients with CF.
Following administration of TEZ 100 mg qd/IVA 150 mg q12h, the
median TEZ AUC at steady state ranged from 93.7 h*μg/mL in (Study
008) to 107.0 h*μg/mL (Study 006) in healthy subjects and from 85.9
17
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Drug exposure at steady
state following the
therapeutic dosing regimen
Dose Proportionality
Accumulation
Variability

h*μg/ml (Study 103) to 90.6 h*μg/ml (Study 101 Group 7) in subjects
with CF.
The PopPK model estimated mean Cmax,ss and AUCτ,ss was 5.95 μg/mL,
84.5 μg*h/mL respectively for TEZ, and 1.17 μg/mL , 11.3 μg*h/mL for
IVA, following a Tezacaftor 100-mg once-daily/ivacaftor 150 mg twice
daily dosing regimen in CF patients.
Exposures of tezacaftor (administered alone or in combination with
ivacaftor) increase in an approximately dose proportional manner with
increasing doses from 10 mg to 300 mg once daily.
At steady state, the accumulation ratio is approximately 1.5 for
tezacaftor and 2.2 for ivacaftor.
The between-subject variability estimated from population PK analysis
is 27.9% in CF patients.

Absorption
Bioavailability [oral]
tmax [oral]
Food effect (high-fat)
GMR (fed/fasted, 90% CI)
(Study 004)
TEZ
IVA
Distribution
Volume of Distribution

The relative bioavailability of VX-661, ivacaftor, and their metabolites
with the FDC formulation compared to the separate tablet formulations
of VX-661 and ivacaftor was approximately 1 (study 004).
Median Tmax for TEZ is 4h (2-6h). Median Tmax for IVA is 6 h (3-10h).
(Study 004).
AUC0-inf
Cmax
1.1 (1.01, 1.20)
3.08 (2.45, 3.87)

0.807 (0.673, 0.968)
4.32 (3.01, 6.18)

Volume of distribution of tezacaftor and ivacaftor was 271 (157) L and
206 (82.9) L, respectively (Study 101).
Tezacaftor is approximately 99% bound to plasma proteins, primarily to
albumin.

Plasma protein binding

Blood to plasma ratio
Substrate transporter
systems
[in vitro]
Elimination
Effective half-life

Ivacaftor is approximately 99% bound to plasma proteins, primarily to
alpha 1 acid glycoprotein and albumin.
Neither TEZ nor IVA partitions preferentially into human red blood
cells. The blood to plasma radioactivity ratio was ~0.45 to 0.58 for TEZ ,
indicating no appreciable accumulation of radioactivity in blood cells
(study 005).
Tezacaftor is a substrate for the uptake transporter OATP1B1, and efflux
transporters P-gp and BCRP. Tezacaftor is not a substrate for OATP1B3.
Ivacaftor is not a substrate for OATP1B1, OATP1B3, or P-gp.
After steady state dosing of tezacaftor in combination with ivacaftor in
CF patients, the effective half-lives of tezacaftor and ivacaftor were
approximately 15.0 (3.44) and 13.7 (6.06) hours, respectively.

Metabolism
Primary metabolic
pathway(s) [in vitro]

In vitro data suggested that tezacaftor is metabolized mainly by CYP3A4
and CYP3A5. M1, M2, and M5 were the 3 major circulating metabolites
of tezacaftor in humans. M1 has the similar potency to that of tezacaftor
and is considered pharmacologically active. M2 is much less
pharmacologically active than tezacaftor or M1, and M5 is not
considered pharmacologically active. Another minor circulating
18
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Inhibitor/Inducer

metabolite, M3, is formed by direct glucuronidation of tezacaftor.
Ivacaftor is also metabolized extensively in humans. In vitro and in vivo
data indicate that ivacaftor is metabolized primarily by CYP3A4 and
CYP3A5. M1 and M6 are the two major metabolites of ivacaftor in
humans. M1 has approximately one sixth the potency of ivacaftor and is
considered pharmacologically active. M6 is not considered
pharmacologically active.
Based on in vitro results, tezacaftor has a low potential to inhibit
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4 and did not induce CYP1A2 and CYP2B6. Tezacaftor has a
low potential to induce CYP3A and a low potential to inhibit transporters
P gp, BCRP, OATP1B1, OATP1B3, OCT1, OCT2, OAT1, or OAT3.
Based on in vitro results, ivacaftor has the potential to inhibit CYP3A
and P gp, and may also inhibit CYP2C9. In vitro, ivacaftor was not an
inducer of CYP isozymes. Ivacaftor is not an inhibitor of transporters
OATP1B1, OATP1B3, OCT1, OCT2, OAT1, or OAT3.
Clinical studies with midazolam showed that SYMDEKO is not an
inhibitor of CYP3A. Co administration of SYMDEKO with digoxin, a
sensitive P gp substrate, increased digoxin exposure by 1.3 fold
consistent with weak inhibition of P gp by ivacaftor (Study 006). Co
administration of SYMDEKO with an ethinyl estradiol/ norethindrone
oral contraceptive had no significant effect on the exposures of the
hormonal contraceptives (Study 008).

Excretion

Primary excretion
pathway

TEZ is eliminated primarily by biliary/fecal excretion. Following oral
administration of 14C tezacaftor, the majority of the dose (72%) was
excreted in the feces (unchanged or as the M2 metabolite) and about
14% was recovered in urine (mostly as M2 metabolite). Less than 1% of
the administrated dose was excreted in urine as unchanged tezacaftor,
showing that renal excretion is not the major pathway of tezacaftor
elimination in humans (study 005).
Following oral administration of ivacaftor alone, the majority of
ivacaftor (87.8%) is eliminated in the feces after metabolic conversion.
There was minimal elimination of ivacaftor and its metabolites in urine
(only 6.6% of total radioactivity was recovered in the urine), and there
was negligible urinary excretion of ivacaftor as unchanged drug.

DDI between TEZ and IVA
Impact of IVA on TEZ PK No significant impact (study 108).
Study 108 (F/RF subjects) included 70 subjects that crossed over from an
IVA 150 mg q12h treatment for 8 weeks to a TEZ 100 mg qd/IVA 150
mg q12h treatment for 8 weeks, or vice-versa, after an 8-week washout.
IVA exposures were comparable in the presence and absence of TEZ,
Impact of TEZ on IVA PK suggesting that TEZ does not have a clinically significant impact on IVA
PK: The geometric mean ratio (90% CI) of IVA steady-state AUC
+TEZ/-TEZ (derived from post-hoc estimates in PopPK analyses) at
Week 4 was 1.23 (1.14, 1.32) and 1.11 (1.01, 1.22) at Week 8. Thus,
IVA exposure increased approximately 17% in the presence of TEZ.
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3.3 Clinical Pharmacology Review Questions
3.3.1 To what extent does the available clinical pharmacology information provide pivotal or
supportive evidence of effectiveness?
Rationale for in vitro assessment and criteria for TEZ/IVA responsiveness
The proposed indication for SymdekoTM (TEZ/IVA) is for treatment of patients with CF aged 12 years
and older who are homozygous for the F508del mutation or who have at least 1 mutation in CFTR gene
that is responsive to TEZ/IVA based on in vitro data and/or clinical evidence.
Clinical evidence is based on three phase 3 studies:
• Study 106: F508del homozygous subjects (F/F)
• Study 107: F508del heterozygous subjects with a second allele that was nonresponsive to IVA
and/or TEZ (referred to as F/MF hereafter)
• Study 108: F508del heterozygous subjects with a second allele that results in residual CFTR
function and that is potentially IVA-responsive (F/RF). The list of eligible mutations is listed in
Table 7.
Table 7: CFTR Mutations Eligible for Enrollment for Study 108

(Source: Table on page 177, protocol V2.0 of Study 108, Appendix 16.1.1)

Results from study106 and 108 showed treatment with TEZ/IVA compared to placebo resulted in
significant improvement in % predicted FEV1. Study 108 also demonstrated that TEZ/IVA combination
was superior to IVA alone. Study 107 was terminated prematurely based on an interim futility analysis
that showed lack of efficacy of TEZ/IVA (See Clinical review by Dr. Stacy Chin).
While Study 108 is successful, not all prespecified eligible mutations were enrolled and represented in the
study due to low frequency of the mutations and limited sample size (See Clinical review and Statistics
review). Still, the successful study supports the efficacy of TEZ/IVA for all patients who meet the
prespecified inclusion criteria. In this context, in vitro data provide additional evidence to support the
efficacy of TEZ/IVA in all eligible mutations. In vitro data were based on TEZ/IVA FRT assay, along
with western blot. The definition of in vitro responsive mutations for TEZ/IVA is achieving chloride
conductance of greater than 10% of wild-type compared to baseline in the FRT assay.
The FRT assay used for this NDA was generally similar to the assay used to evaluate treatment with
ivacaftor alone. Due to the pharmacology of tezacaftor, it was necessary for the preincubation time to be
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extended from 10 minutes to 18-24 hours. In addition, a cocktail of three CFTR inhibitors was used to
demonstrate specificity (as opposed to just one for ivacaftor only studies). Due to these changes, raw data
for Western Blot (WB) experiments were requested for 5 mutations, and for chloride current assays for
six mutations. Detailed evaluation of the raw WB data showed that reanalysis of the data produced the
same results as those supplied by the sponsor with only minor differences.
Reanalysis of the sponsor’s original chloride channel data (Table 8) produced the same results when
analyzed by the sponsor’s methods. An area of concern is that the sponsor used the post-inhibitor values
as the baseline as opposed to the pre-forskolin values. Data supplied concerning the effect of the inhibitor
cocktail on control FRT cells with no CFTR expression show that the inhibitor appears to be suppressing
endogenous currents as well. The magnitude of the effect is such that conclusions might be affected only
for mutants such as F508del where the treatment effects are of a similar magnitude. For future
experiments with the FRT system, we recommend that the sponsor use the pre-forskolin current values as
the baseline. See Appendix 4.4 for the detailed evaluation of both WB and chloride current data.
The mutations selected for in vitro evaluation were derived from those for which ivacaftor monotherapy
was already approved except for F508del homozygotes. A detailed analysis of the in vitro FRT data
showed that it provided limited value for predicting improvement in FEV1 for the combination above
ivacaftor alone. Activity in the FRT system appears to be necessary as a prerequisite for clinical benefit.
All the mutations, except for R347H where clinical benefit was evaluated, showed additive or better
effects of the combination in comparison to ivacaftor in the FRT assay. However, the in vitro activity of
the combination was not correlated with the clinical activity of the combination over that of ivacaftor
alone.
Where no or insufficient clinical data are available, and that mutation is active in the FRT system, the
combination has some potential to provide benefit over ivacaftor alone. Evaluation across all clinical
studies showed that the FRT assay provides a Positive Predictive Value of 0.24 for the effect of the
combination above ivacaftor alone. See Appendix 4.4 for the full analysis.
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Table 8: Effect of TEZ and IVA Alone and in Combination on Chloride Transport in Ussing Chamber
Studies Using a Panel of FRT Cells Expressing RF CFTR Forms

(Source: Table 3, section 2.6.2, pharmacol written summary)

Mutations listed in Section 12.1 that were considered to be responsive to SYMDEKO based on in vitro
data
The applicant has proposed that 20 of these in vitro responsive mutations be approved (all responsive
mutations in Table 8, except for R347H). The in vitro FRT system provides no direct information on
splice site mutations, so in addition, five more splice site mutations are proposed for inclusion based on
intention to be recruited in study 108, and that splice-site mutations produce some wildtype CFTR that
ivacaftor can potentiate. Homozygous F508del is also proposed as a mutation responsive to TEZ/IVA
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based on clinical data. In essence, the applicant’s proposed labeling changes amount to a total of 26
disease-causing mutations (5 of which are splice-site mutations).
R347H is recruited in study 108, and the TEZ/IVA combination has a net increase chloride transport of
45% of untreated wildtype over baseline, which is over the10% cutoff (Table 8). However, it is possible
that for R347H, the addition of TEZ may not provide any added effect beyond IVA alone(See Table 8
above). Ultimately, the effects of each drug were adequately isolated in clinical studies in the overall
population without significant safety issues, and because R347H was eligible to be enrolled, it may be
included in the table.
There are two additional mutations (G1069R, R1070Q) that were listed in section 12.1 of KALYDECO
but not in SYMDEKO. When questioned about this discrepancy in the IR dated (09/01/2017), the
sponsor stated “These CFTR mutations were not eligible for inclusion in Study 108 because the patient
population failed to meet the protocol-defined clinical phenotype criteria for residual CFTR function;
therefore, in vitro studies of these mutations were not prioritized.”
The sponsor’s inclusion criteria for eligibility state that heterozygous F508del-CFTR subjects must have a
second CFTR allele that encodes a mutation predicted to have residual function. The criteria for including
a mutation were as follows: 1) having residual function based on population-level phenotypic data and 2)
in vitro responsiveness to ivacaftor. The criteria for clinical phenotype were average sweat chloride <86
mmol/L and incidence of pancreatic insufficiency ≤50% based on subjects with at least one copy of the
mutation from epidemiologic data or published literature. The epidemiologic data were taken from
www.CFTR2.org. The R1070Q mutation was listed in the original version of Study108 Protocol as an
eligible mutation for enrollment, but removed from the final protocol (Version 2.0, Aug 2015).
A search of the CFTR2 database (www.cftr2.org) reveals that both variants are of varying clinical
consequence and are not always causative of CF. Of the 10 patients for G1069R and 20 patients for
R1070Q listed in the registry; the sweat chlorides were 56 and 91 and the incidence of pancreatic
insufficiency was 60% and 75% respectively. Based on the CFTR2 database, the G1069R mutation would
not have met the sponsor’s predefined criteria for enrollment into Study 108, however the R1070Q did
seem to meet this criteria. Despite possibly meeting the criteria for inclusion, subjects with the R1070Q
mutation were not eligible to be enrolled in Study 108 (Table 7) and in vitro studies were not conducted.
Neither G1069R and R1070Q were enrolled into study 108, nor were they tested in the in vitro system.
Hence, the lack of clinical data and/or in vitro data do not support approval/inclusion of these mutations
in the labeling for SYMDEKO.
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Table 9: List of CFTR Gene Mutations that Produce CFTR and are Responsive to SYMDEKO
E56K

R117C

A455E

S945L

R1070W

3272-26A→G

P67L

E193K

F508del*

S977F

F1074L

3849+10kbC→T

R74W

L206W

D579G

F1052V

D1152H

D110E

R347H

711+3A→G

K1060T

D1270N

D110H

R352Q

E831X

A1067T

2789+5G→A

*A patient must have two copies of the F508del mutation or at least one copy of a responsive mutation
presented in the above Table to be indicated.

(Source: Table 4, Section 12.1 of the label)
Contribution of Tezacaftor to efficacy in study 108 (residual function mutations)
Study 108 enrolled F508del heterozygous subjects with a second allele with a CFTR mutation predicted
to be responsive to TEZ/IVA based on clinical phenotype, biomarker data and that is potentially
responsive to IVA (F/RF). KALYDECO had been approved for these patients. In CF patients, coadministration of TEZ is a statistically significant covariate for IVA PK; TEZ decreases IVA CL/F by
approximately 13%, and IVA exposure increased approximately 17% in the presence of TEZ (Appendix
4.2, PM review). Therefore, independent analysis was conducted to assess the effect of higher IVA
exposure on efficacy (ppFEV1) and to assess whether the additional benefit of TEZ/IVA over IVA is due
to increased IVA exposure.
Graphical analysis suggested that in the target patient population (study 108), the change from baseline
ppFEV1 appeared to be saturated at the proposed dose level of IVA. The analyses were conducted using
Cave (average IVA concentration over 12 hours) and IVA concentration at the time of measurement as
exposure metrics. A flat relationship was observed between change from baseline ppFEV1 and IVA
exposures (Figure 2). E-R analysis suggested that change from baseline ppFEV1 is saturated at the
proposed IVA dose level in the target patient population. Therefore, an increase in efficacy in the
IVA/TEZ treatment arm compared to the IVA alone treatment arm is unlikely due to the increase in IVA
exposure in presence TEZ and instead suggests the likely contribution of TEZ towards efficacy.
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Figure 2. Change from baseline ppFEV1 vs. the 12-hour average IVA concentration (Left) or IVA
concentration (Right) at the time of measurement.
(Source: reviewer’s analysis, See Appendix 4.2, Pharmacometrics review)

3.3.2 Is the proposed dosing regimen appropriate for the general patient population for which
the indication is being sought?
Yes, the proposed dosing is reasonable from a clinical pharmacology perspective. The basis for dose
selection and findings from phase 2 studies is discussed below:
Adults
Dose-Response for Efficacy:
The dose regimen of TEZ 100 mg qd/IVA 150 mg q12h was selected for Phase 3 studies based on results
of dose-ranging in Study 101 in F/F subjects ≥18 years old that demonstrated clinically meaningful and
statistically significant improvements in ppFEV1 and no further increase in ppFEV1 with a higher TEZ
dose.
Tezacaftor: In a phase 2 study (study 101), a range of tezacaftor doses (10 mg, 30 mg, 100 mg, 150 mg
QD) were administered in combination with or without 150 mg BID of Ivacaftor in subjects 18 years of
age or older with the F/F genotype. The tezacaftor 100 mg QD/ ivacaftor 150 mg BID regimen
demonstrated a significant improvement in FEV1 from baseline (Table 10). The study design does not
allow for a robust assessment of dose-response of TEZ monotherapy due to small sample size. With the
limitation of small sample size in monotherapy, no apparent dose-response was observed. However, in the
combination therapy, ppFEV1 increased with increasing dose of TEZ from 10 mg to 100mg qd in
combination with a fixed dose of IVA (150 mg q12h). There was no further increase in ppFEV1 when
the dose of TEZ was increased from 100 mg qd to 150 mg qd in the combination therapy. The data from
the study also suggests that TEZ/IVA provided greater benefits in ppFEV1 than TEZ alone (Table 10).
Furthermore, improvements in ppFEV1 with increasing dose of TEZ in combination therapy
demonstrated the contribution of TEZ to the TEZ/IVA treatment effect (Figure 3).
In a phase 2 study (study 103), different tezacaftor dosing frequencies (100 mg QD, 50 mg BID ) were
administered in combination with 150 mg BID of Ivacaftor in subjects 18 years of age or older with the
F/F genotype . Treatment with TEZ 100 mg qd + IVA 150 mg q12h resulted in numerically greater
within-group improvement in ppFEV1 (3.0 percentage points) than TEZ 50 mg q12h + IVA 150 mg q12h
(0.9 percentage points), identifying TEZ 100 mg qd + IVA 150 mg q12h as the preferred dosing regimen.
Efficacy data from the pivotal Phase 3 studies support the recommended dosing regimen of TEZ 100 mg
qd in combination with IVA 150 mg q12h.
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Table 10: Absolute change in Percent Predicted from FEV1 in Phase 2 Study (Study 101)

(Source: Table 23, summary of clin efficacy)

Figure 3: Absolute change in percent predicted FEV1 by visit in study 101 (F508Del homozygous, F/F)

Ivacaftor: A range of doses for ivacaftor in combination therapy was not studied. The proposed ivacaftor
dose is the currently approved dose of 150 mg BID in cystic fibrosis patients with responsive mutation
who are treated with ivacaftor alone.
Pediatrics
CF is a congenital disorder that affects children from birth. During EOP2 communication, FDA and
sponsor had reached an agreement that phase 3 studies would enroll patients 12 years and older. The
adolescent patients would be administered the same dosing regimen as adults. This is based on the similar
disease and predicted similar drug exposure in adult and adolescent patients.
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The proposed dose is reasonable from a clinical pharmacology perspective as the exposures achieved in
pediatric patients of ages 12-17 years is similar to adults (Figure 4). In the phase 3 trials (study 106, 107
and 108), pediatric patients accounted for 20% of the patients enrolled in each arm (Table 11). The
concentrations achieved in the phase 3 trials in pediatrics and adults were similar (Table 12) .
Additionally the efficacy in pediatric were similar to adults (data not shown). The adverse events were
generally comparable between the two groups (data not shown). Please see the clinical and statistical
review for the assessment of the efficacy and safety in pediatrics patients compared to adults.
Table 11. Number of Subjects by Age Category in Pooled Placebo Controlled Phase 3 studies (Study 106, 107, and 108,
placebo-controlled safety dataset)

Number (%) of subjects in each group
Age Groups
(years)

Placebo

Tezacaftor 100 mg QD/ Ivacaftor 150 mg BID

N = 505

N = 496

12 to < 18

101(20%)

98 (19.8%)

≥ 18

404 (80%)

398 (80.2%)

(Source: Reviewer summary based on Table 6-1 in Summary of Clinical safety)

Table 12. Tezacaftor and Ivacaftor exposure (geometric mean (CV%)) by Age Group (study 106, 107, and 108)

PK
Age Groups
(years)

TEZ

IVA

Cmax
(ng/ml)

Cmin (ng/ml)

AUC τ *
(ng*h/ml)

Cmax (ng/ml)

Cmin (ng/ml)

AUCτ *
(ng*h/ml)

12 to < 18

6.09 (16.6)

1.71 (62.4)

86.4 (29.0)

1.18 (50.3)

0.630 (78.1)

11.0 (58.3)

≥ 18

5.36 (16.4)

1.64 (64.4)

78.3 (29.5)

1.22 (44.7)

0.734 (66.2)

11.8 (51.2)

*AUC0 24h for tezacaftor and AUC0 12h for ivacaftor
(Source: Reviewer’s Analysis)
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Tezacaftor

Ivacaftor

Figure 4: Tezacaftor and Ivacaftor Exposure (AUC) by Age Group. Red lines represent the 150%, 100%,
and 66.7% of the typical steady state AUC value in the population.
(Source: Reviewer’s analysis, See Appendix 4.2, Pharmacometrics review)

Reviewer’s comment:
The applicant’s posthoc analysis for TEZ and IVA exposure in pediatric and adult patients were
recreated by the reviewer. Reviewer’s analysis did not result in any meaningful difference in exposure at
steady state. The applicant’s population PK model for TEZ contained the fixed coefficient (0.75) on
weight for CL. FDA reviewer did independent sensitive analysis to assess the allometric components for
clearance. Including body weight as an allometric component on clearance did not improve model
performance in reviewer’s analysis. Simulations of the estimated exposure for pediatric and adult
population using the sponsor’s model and the reviewer’s model show no significant difference in
prediction. Overall, the FDA reviewer found sponsor’s labeling statement “Following oral
administration of SYMDEKO tablets, tezacaftor 100 mg once daily / ivacaftor 150 mg every 12 hours, the
mean (±SD) AUCss was 97.3 (35.7) mcg·h/mL and 11.4 (5.46) mcg·h/mL, respectively for tezacaftor and
ivacaftor, similar to the mean AUCss in adult patients administered SYMDEKO tablets, tezacaftor 100
mg once daily / ivacaftor 150 mg every 12 hours.”, for estimated steady state exposure acceptable (See
Appendix 4.2, PM review).

3.3.3 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on intrinsic factors?
Yes, dose reduction is recommended in hepatic impairment patients. There is no dose adjustment based
on renal function, age, weight, or other intrinsic factors. See below for the data submitted by the Sponsor
and reviewer’s comment.
Patients with Hepatic Impairment
Hepatic metabolism and/or excretion are major route of elimination for tezacaftor and ivacaftor. Impact of
moderate hepatic impairment on TEZ/IVA PK was assessed in a nonrandomized, open-label, multiple
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doses study (Study 009). TEZ 50 mg qd/IVA 150 mg qd was administered orally on Days 1 through Day
10.
On Day 10, the total and unbound AUCτ of VX-661 were 36% and 47% higher, respectively, in subjects
with moderate hepatic impairment than in matched healthy subjects. Therefore, no dose adjustment for
TEZ is necessary for patients with mild or moderate hepatic impairment.
On Day 10, the AUCτ of IVA was 52% higher in subjects with moderate hepatic impairment than in
matched healthy subjects. In another study (study 770-013), subjects with moderately impaired hepatic
function had approximately two fold increase in ivacaftor AUCinf. Therefore, dose adjustment (from 150
mg q12h to 150 mg qd) is recommended based on the largest change in IVA exposure observed in studies
with moderate hepatic impairment subjects.
The extent of protein binding was similar in subjects with moderate hepatic impairment and healthy
subjects.
Table 13. Summary of Results of TEZ/IVA Pharmacokinetic Parameters in Subjects with Moderate
Hepatic Impairment Compared with Healthy Subjects
Day

Analyte

Parameter

Group comparison

Mean

Ratio

90% CI of the
ratio

Day 10

TEZ

AUCτ
(ng h/mL)

Moderate hepatic
impairment/healthy

66397/48791

1.36

(1.17, 1.58)

Cmax
(ng/mL)

Moderate hepatic
impairment/healthy

4277/3873

1.10

(0.952, 1.28)

AUCτ
(ng h/mL)

Moderate hepatic
impairment/healthy

17262/11351

1.52

(1.13, 2.04)

Cmax
(ng/mL)

Moderate hepatic
impairment/healthy

1084/1028

1.05

(0.806, 1.38)

IVA

(Source –Table 11-6, Table 11-7, Study 009 report)

Reviewer’s comment:
IVA is predominately cleared via a hepatic route. Based on the results of the hepatic impairment study
with IVA alone (Study 770-013), subjects with moderately impaired hepatic function had approximately
two fold increase in ivacaftor AUCinf. Therefore, a dose reduction (from 150 mg q12h to 150 mg qd)
during IVA monotherapy is recommended in patients with moderate hepatic impairment. While the IVA
exposure was only 52% higher in study 009, dose adjustment for ivacaftor (from 150 mg q12h to 150 mg
qd) is still recommended based on the largest change in exposure observed in studies with moderate
hepatic impairment subjects. These recommendations are consistent with the labeling for IVA
monotherapy.
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Patients with Renal Impairment
Renal excretion is not a major pathway of TEZ elimination. Therefore, no dedicated study in renal
impaired patients has been performed.
Based on population PK analysis, reviewer’s analysis confirmed a lack of clinically meaningful effect on
TEZ PK from mild or moderate renal impairment based on estimated glomerular filtration rate (Figure 5).
The median steady state AUC values were 81.49, 84.21, or 91.09 μg*hr/mL, in patients with normal renal
function, mild renal impairment, or moderate renal impairment, respectively.
No data were collected for patients with baseline eGFR≤ 50ml/min/1.73 m2, as these patients were
excluded from the study.

Figure 5. Covariate effect on steady state TEZ exposure based on post hoc analysis in patients who provided
PK data in the TEZ PPK dataset. Red lines represent the 150%, 100%, and 66.7% of the typical steady state AUC
value in the population.
(Source: Reviewer’s analysis, See Appendix 4.2, Pharmacometrics review)

Reviewer’s comment:
Renal clearance is likely to play a minimal role in the elimination of TEZ and IVA, and no dose
adjustment is necessary for patients with mild to moderate renal impairment. Caution is recommended
when administering TEZ and IVA combination therapy to patients with severe renal impairment
(creatinine clearance less than or equal to 15 to <30mL/min) or with end-stage renal disease. This is
consistent with the labeling of IVA monotherapy.

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the
appropriate management strategy?
The following drug-drug interactions were proposed by the sponsor:
Potential for other drugs to affect TEZ/IVA:
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Co-administered
drug

Effect on
PK

AUCinf

Cmax

Strong CYP3A
inhibitor:

↑ TEZ

4.02

2.83

↑ IVA

15.6

8.60

TEZ

NA

NA

↑ IVA

2.95

2.47

↔ TEZ

1.08

1.05

↔IVA

1.17

1.18

TEZ
(expected ↓)

NA

NA

↓ IVA

0.114

0.2

itraconazole

Moderate CYP3A
inhibitor:
fluconazole
ciprofloxacin

CYP3A inducer:
rifampin

Dosing recommendation
One tablet of tezacaftor 100 mg/ivacaftor 150 mg twice
a week, taken approximately 3 to 4 days apart. The
evening dose of ivacaftor 150 mg should not be taken.
Overall, TEZ dose is reduced by 1/3.5, and IVA dose
is reduced by to 1/7. The IVA dose to be administered
is consistent with the labeling of IVA monotherapy.
PBPK model predicted a 2.1-fold increase in TEZ
exposure and an 1.2-fold increase in M1-TEZ
exposure. Dose adjustment based on PBPK, overall,
dose is reduced by half for TEZ and IVA.
No dose adjustment for TEZ and IVA. This is
consistent with the labeling of IVA monotherapy.
Co-administration not recommended. This is consistent
with the labeling of IVA monotherapy.

↑- Increase, ↔ - no change

Reviewer’s comment:
1. Co-administration with itraconazole (P-gp and CYP3A4 inhibitor) increased exposure to ivacaftor by
15.6 fold based on AUC and 8.6-fold based on Cmax in a dedicated drug-drug interaction study. TEZ
exposures were increased by 4-fold and M1-TEZ exposures were lowered by 40% in the presence of
itraconazole. The proposed dosing regimen in the presence of strong CYP3A inhibitors is to reduce
TEZ/IVA dosing to100/150 mg twice weekly.
With dose reduction in presence of strong CYP3A inhibitors, steady-state TEZ exposures will be at
similar levels as those observed under normal dosing conditions, however steady-state M1-TEZ
exposures will be lower. Under the assumption that TEZ and M1-TEZ contribute equally to efficacy
and that the TEZ and M1-TEZ exposures in Study 106 are representative in CF patients not taking
CYP3A inhibitors, the proposed dosing in the presence of itraconazole yields unbound active moiety
exposures equivalent to a 75 mg TEZ dose in the absence of itraconazole (Sponsor analysis, Table
14). Sponsor’s PKPD modeling (TEZ- ΔppFEV1 model) suggested that a reduction of TEZ dose from
100 mg to 75 mg would have a modest impact on the change in ppFEV1 (Figure 6). A 3.5-fold dose
reduction in TEZ dose when the drug is co-administrated with a strong CYP3A inhibitor (such as
itraconazole) is not predicted to significantly decrease efficacy.
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Table 14. Expected TEZ and M1-TEZ Exposures in the Absence or Presence of Itraconazole (Itra, +Itra)

(Source: Response to Request for Information dated 20 October 2017, Table 1)

Figure 6. Comparison of the simulated Week 4 ΔppFEV1 response in the F/F Population for a range TEZ
doses in combination with IVA 150 mg q12h.
(Source: Response to Request for Information dated 20 October 2017, Figure 1.)

Reviewer conducted independent analysis to evaluate the relationship between total TEZ exposure
(total active moiety, calculated by TEZ+M1-TEZ) vs. change from baseline ppFEV1 (Appendix 4.2).
The proposed dosing regimen with strong CYP3A inhibitor results in total active moiety equivalent to
a TEZ dose of 56 mg. Consistent with sponsor’s conclusion, reviewer’s E-R analysis suggested that
the proposed dosing regimen in patients taking strong CYP3A inhibitor would only result in a modest
decrease in the overall TEZ activity (See Appendix 4.2 and 4.3).
Based on study 006, The 7-fold dose reduction for IVA in presence of itraconazole will lead to
exposures equivalent to a 300 mg bid IVA dose in the absence of itraconazole. In a separate DDI
study with ivacaftor and ketoconazole, ivacaftor exposure was increased by 8.45 fold. The dose
reduction recommendations are consistent with the labeling for IVA monotherapy. Any alternative
dosing regimen that increases TEZ exposure would result in TEZ parent drug and IVA exposures
exceeding the established safety and tolerability ranges. Overall, the proposed dose adjustment for
strong CYP3A inhibitor is reasonable considering the efficacy and safety of TEZ/IVA.
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2. No significant change in exposure (AUC and Cmax) of tezacaftor and ivacaftor was observed
following co-administration with ciprofloxacin. However, this may not be extrapolated to other
moderate CYP3A inhibitors. According to the Kalydeco (ivacaftor) approved label, ciprofloxacin did
not increase the exposure of ivacaftor, while another moderate CYP3A inhibitor fluconazole
increased the exposure of ivacaftor by 3 fold. The PBPK model predicted a 2.1-fold increase in TEZ
exposure and an 1.2-fold increase in M1-TEZ exposure when the drug is co-administered with
fluconazole, a moderate CYP3A inhibitor. Therefore, when co administered with moderate CYP3A
inhibitors, the dose of SYMDEKO should be reduced by half (Table 15). The proposed dosing
regimen with moderate inhibitors yields an unbound active moiety equivalent to 87 mg TEZ dose and
total active moiety equivalent to 78 mg TEZ dose, both of which are higher than that after dose
adjustment with itraconazole. Therefore, there should be minimal concern for loss of efficacy due to
decreased TEZ exposure (See Appendix 4.2 and 4.3). These recommendations are consistent with the
labeling for IVA monotherapy.
Table 15. Dosing Schedule for Concomitant Use of SYMDEKO with Moderate CYP3A Inhibitors
Day 1

Day 2

Day 3

Day 4*

Morning Dose
Tezacaftor 100 mg/ivacaftor 150 mg tablet



-



-

Ivacaftor 150 mg tablet

-



-



Ivacaftor 150mg tablet

-

-

-

-

Evening Dose

*Continue dosing with tezacaftor 100 mg/ivacaftor 150 mg or ivacaftor 150 mg tablets on alternate days.

3. Co-administration with rifampin significantly reduced AUC and Cmax of ivacaftor by 89% and
80%, respectively. Rifampin is an inducer for CYP3A4 and is also expected to reduce TEZ exposure.
These lower exposures will result in inefficacious concentrations; therefore, co-administration with
rifampicin or other CYP3A inducers is not recommended. These recommendations are consistent with
the labeling for IVA monotherapy.
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Potential for TEZ/IVA to affect other drugs:
Table 16. Impact of Tezacaftor/Ivacaftor or Ivacaftor on Other Drugs
Drug
Dose and Schedule
Effect on
Mean Ratio (90% CI) of
TEZ/IVA or IVA
Drug PK
Tezacaftor and Ivacaftor
No Effect=1.0
AUC
Cmax
Midazolam
TEZ 100 mg/IVA
↔ Midazolam
1.12
1.13
(CYP3A
150 mg every
(1.01, 1.25)
(1.01, 1.25)
substrate)
morning + IVA
150 mg every
evening
Digoxin
TEZ 100 mg/IVA
↑ Digoxin
1.30
1.32
(P-gp
150 mg every
(1.17, 1.45)
(1.07, 164)
substrate)
morning + IVA
150 mg every
evening

Oral
Contraceptive

Rosiglitazone
(CYP2C8
substrate)
Desipramine
(CYP2D6
substrate)
Midazolam
(CYP3A4
probe
substrate)
Oral
Contraceptive

Dosing recommendation

No dose adjustment1

When used concomitantly
with digoxin or other
substrates of P gp with a
narrow therapeutic index
such as cyclosporine,
everolimus, sirolimus, and
tacrolimus, caution and
appropriate monitoring
should be used
No dose adjustment

TEZ 100 mg/IVA
↔ Ethinyl
1.12
1.15
150 mg every
estradiol
(1.03, 1.22)
(0.99, 1.33)
morning + IVA
↔
1.05
1.01
150 mg every
Norethindrone (0.98, 1.12)
(0.87, 1.19)
evening
DDI studies conducted previously and reviewed under NDA 203188
IVA 150 mg twice
↔
0.975
0.928
No dose adjustment
daily
Rosiglitazone (0.897, 1.06) (0.858, 1.00)
IVA 150 mg twice
daily

↔
Desipramine

1.04
(0.985, 1.10)

1.00
(0.939; 1.07)

No dose adjustment

IVA 150 mg twice
daily

↑ Midazolam

1.54
(1.39, 1.69)

1.38
(1.26, 1.52)

Use with caution and
monitor for
Benzodiazepine -related
side effects during
coadministration with
Kalydeco. 1
No dose adjustment

IVA 150 mg twice
daily

↔ Ethinyl
1.07
1.22
estradiol
(1.00, 1.14) (1.10, 1.36)
↔
1.05
1.09
Norethindrone
(0.99, 1.12)
(1.01, 1.19)
↑ = increase, ↓ = decrease, ↔ = no change. CI = Confidence interval; TEZ = tezacaftor; IVA = ivacaftor;
PK = Pharmacokinetics
(Source: Table 6 of Label.)

Reviewer’s comment:
1. Ivacaftor is a weak inhibitor of CYP3A and co-administration ivacaftor with midazolam
increased midazolam exposure by ~50% in a previously conducted study (Study 770-010). Based
on in vitro study, TEZ has a low potential to inhibit CYP3A4 and a low potential in induce
CYP3A. The net effect of TEZ/IVA on CYP3A was assessed in a dedicated DDI study with
midazolam in this submission. Co-administration of TEZ/IVA and midazolam did not affect
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midazolam exposure. Also, Co-administration of TEZ/IVA with another CYP3A substrate, an oral
contraceptive, did not affect the exposure of EE/NE either. Therefore, No dose adjustment of
CYP3A substrates is required when co-administered with TEZ/IVA.

35
Reference ID: 4216031

4. APPENDIX

4.1 Summary of Bioanalytical Method Validation and Performance
The summary of bioanalytical method used for the pivotal studies is listed in Table 17 and Table 18.
Analytical method for TEZ and its major metabolites: report # L105
An analytical method was developed and validated for the determination of TEZ, M1-TEZ, and M2-TEZ
in plasma aliquot containing dipotassium EDTA (Module 5.3.1.4/Report L105) and used in the majority
of clinical studies. The method was validated over the range of 2.00 to 2000 ng/mL for all analytes using
LC-MS/MS. Sample preparation and analysis is based on a liquid-liquid extraction. The final extract is
analyzed via HPLC with MS/MS detection using negative ion electrospray. 13C-d4-TEZ was used as the
(b) (4)
internal standard for quantification of TEZ.
were internal standards for
M1-TEZ, and M2-TEZ.
The method was proven to be precise, accurate, sensitive, and selective over the concentration range
studied (2.0 to 2000 ng/mL) and requires a 50-μL human plasma. The long-term stability of TEZ, M1TEZ, and M2-TEZ was 15 days (−25°C and −80°C). A ten-fold has been validated for samples with
10000 ng/mL TEZ, M1-TEZ, and M2-TEZ. Most of the clinical samples fall in the 2-10,000 ng/mL
range.
Analytical method for IVA and its major metabolites: report # L114
An analytical method was developed and validated for the determination of ivacaftor, M1-ivacaftor, and
M6-ivacaftor in K2 EDTA human plasma (Module 5.3.1.4/Report L105) and used in the majority of
clinical studies.. The method was validated over the range of 2.00 to 2000 ng/mL (slightly lower for M1ivacaftor after adjustment in certain experiments) for all analytes using LC-MS/MS. Sample preparation
and analysis is based on a liquid-liquid extraction method . The final extract is analyzed via HPLC
followed by MS/MS detection in positive ESI mode. d4-Ivacaftor was used as the internal standard for
quantification of ivacaftor and d4-M1-ivacaftor or d4-M6-ivacaftor as the internal standard for
quantification of the ivacaftor metabolites.
The method was proven to be precise, accurate, sensitive, and selective over the concentration range
studied (2.0 to 2000 ng/mL) and requires a 50-μL human plasma. The long-term stability of IVA, M1IVA, and M6-IVA was 31 days (−25°C and −80°C). A 25-fold has been validated for samples with 40000
ng/mL IVA, M1-IVA, and M6-IVA. Most of the clinical samples fall in the 2-40,000 ng/mL range.
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Table 17. Summary of bioanalytical assays used in clinical studies for TEZ.

(Source: Table 4, summary of biopharm)
Table 18. Summary of bioanalytical assays used in clinical studies for IVA.

(Source: Table 5, summary of biopharm)
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4.2 Pharmacometrics Review
OFFICE OF CLINICAL PHARMACOLOGY
PHARMACOMETRICS REVIEW
NDA/BLA Number
Generic Name
Trade Name
Submission Type
Sponsor
Dosage Form and Strengths
Proposed Indication

Dose Regimen
Pharmacometrics Reviewer
Pharmacometrics Team Lead

NDA 210491
Tezacaftor and Ivacaftor (TEZ/IVA)
SymdekoTM
New NDA (New Molecular Entity; Priority Review)
Vertex Pharms
Tablet / Tablet: one tablet containing 100 mg TEZ / 150 mg IVA; one tablet
containing IVA 150 mg
For treatment of patients with cystic fibrosis (CF) aged 12 years and older who
are homozygous for the F508del mutation or who have at least 1 mutation in
CFTR gene that is responsive to TEZ/IVA based on in vitro data and/or clinical
evidence.
One tablet (containing tezacaftor 100 mg / ivacaftor 150 mg) in the morning and
one tablet (containing ivacaftor 150 mg) in the evening, approximately 12 hours
apart. SYMDEKO should be taken with fat-containing food.
Nan Zheng, Ph.D.
Jingyu (Jerry) Yu, Ph.D.

Summary of Findings
Key Review Questions
The purpose of this review is to address the following key questions:
Does exposure‐response (E‐R) analysis for efficacy support the contribution of TEZ in the
proposed combination therapy?
Yes. E-R analysis suggested that change from baseline ppFEV1 is saturated at the proposed IVA dose
level in the target patient population, therefore, a better efficacy in the IVA/TEZ treatment than in the
IVA alone treatment is a result of TEZ contribution instead of the result of the higher IVA exposure in the
presence of TEZ.
Figure 7. Change from baseline ppFEV1 vs. the 12-hour average IVA concentration (Left) or IVA
concentration (Right) at the time of measurement.

Source: reviewer’s analysis
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Does E‐R analysis for efficacy support the proposed dose adjustment for TEZ in patients taking
strong CYP3A inhibitors?
Yes. In a dedicated DDI study with itraconazole, a strong CYP3A inhibitor, TEZ exposures were
increased by 4-fold and M1-TEZ exposures were lowered by 40% in the presence of itraconazole. The
proposed dosing regimen in the presence of strong CYP3A inhibitors is to reduce TEZ dosing to twice
weekly. Under the assumption that TEZ and M1-TEZ contribute equally to efficacy and that the TEZ and
M1-TEZ exposures in Study 106 are representative in CF patients not taking CYP3A inhibitors, E-R
analysis suggested that the proposed dosing regimen in patients taking strong CYP3A inhibitor would
only result in a modest decrease in TEZ activity. Any alternative dosing regimen that increases TEZ
exposure would result in IVA exposures exceeding the established safety and tolerability ranges for IVA.
Recommendations
The Sponsor’s proposed dosing regimens are acceptable from the PM perspective.

Sponsor’s Population Pharmacokinetics (PPK) and E-R Analysis
PPK Analysis
Objectives




Describe the population pharmacokinetics of TEZ and metabolites (M1-TEZ and M2-TEZ) in the
different CF populations: F/F, F/RF, F/MF, and F/G551D;
Determine the effects of demographic and clinical factors on TEZ and metabolites PK.
Evaluate the effect of TEZ on IVA PK.

Data, Software, Methods
PK data from TEZ treatment in studies VX661-101, VX661-103, VX661-106, VX661-107, VX661-108,
and VX08-770-104 were pooled to develop the PPK dataset for TEZ. A sequential two step approach was
used to develop the TEZ parent model and metabolite model. TEZ parent model was initially tested using
a two-compartment model and different absorption processes. A full-model approach was use to describe
the relationship between pre-defined covariates and PK parameters. Covariates incorporated in the data
set included: age, weight, height, female sex, concomitant IVA use, formulation, estimated glomerular
filtration rate (eGFR), BMI and GTYPE (a study and genotype indicator). Both continuous covariates and
categorical covariates were modeled as power relationship. Covariates with statistical significance (i.e.
95% CI calculated from the posterior distribution for PK models exclude a no-effect value) were retained.
PPK model for M1-TEZ was developed using similar methods to that for TEZ parent. Model performance
was evaluated by posterior predictive check.
Longitudinal IVA concentration measures, IVA dosing history, and subject specific covariate values in
the abovementioned studies were compiled to obtain maximum a posteriori Bayes estimates for IVA PK
parameters using a previously-developed IVA population PK model.
Modeling and simulations were conducted in NONMEM 7.3 with Bayes method with interaction for
parameter estimation.
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Results
The PPK model estimation data sets were comprised of 660 subjects contributing a total of 6389 TEZ
observations and 421 subjects contributing a total of 6293 M1-TEZ observations. For each species, less
than 10% of the observations were below the limit of quantitation.
Parameter estimates for the final parent drug model is presented in Table 19. Fixed effect of body weight
on clearance terms and volume terms were carried over from the base model. On average, female subjects
had slightly higher CL/F compared to male subjects and subjects with the F/RF genotype in study 108 had
slightly lower clearance. The other statistically significant covariate was a modest 18% increase in V3/F
for female subjects relative to male subjects. ETA shrinkage was low for CL/F and higher for volumes of
distribution and absorption related parameters. Data simulated from the TEZ final model was generally
consistent with observed AUC in studies 101, 103, and 106, and was consistent with trough
concentrations from studies 107 and 108, all of which stratified by VISIT.
For estimating the population PK for M1-TEZ, the PK for TEZ was fixed to the empirical Bayes estimate
from a single chain in the TEZ final model for each individual. PPK parameters for M1-TEZ were
estimated under the assumption that 80% of the TEZ clearance was metabolized to M1-TEZ. A twocompartment structural model was chosen to describe the disposition of the metabolites. The same set of
covariates investigated for parent drug model was investigated for M1-TEZ. The typical (95% CI)
estimates for M1-TEZ PK parameters in the final model were summarized in Table 19. The only
statistically significant covariates for M1-TEZ were a slightly decreased clearance for subjects with F/RF
genotype in study 108. The full covariate model for M1-TEZ described the data well with no significant
trends in ETA histograms or plots of ETA versus model covariates.
Population estimates from previously established IVA PPK model were fixed to data from studies 101,
103, 106, 107, 108, and VX08-770-104 and individual PK parameters for patients in these studies were
predicted. In the 70 subjects in study 108 who had IVA PK observations both with and without TEZ and
at both WEEK 4 and WEEK 8 visits, the predicted IVA total daily AUC at steady state was higher during
TEZ co-therapy compared to IVA mono-therapy. The geometric mean ratio for TEZ+IVA AUC to IVA
AUC was 1.23 (90% CI: 1.14 to 1.32) for the WEEK 4 visit and 1.11 (1.01 to 1.22) for the WEEK 8 visit.
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Table 19. TEZ and M1-TEZ full model parameter estimates (fixed effect). Parameters are reported as the
posterior median and the 2.5th and the 97.5th percentile of the posterior distribution based on 20,000 post-burn in
samples. The typical subject for the reference covariate set is a male, 70 kg, 25 years old, eGFR of 100
mL/min/1.73m2, and on TEZ monotherapy in study 101, 103, or 106.

Source: Population PK-PD modeling report, Table 8 and 15

Reviewer’s Comments:
1. Inconsistent with the population PK-PD modeling report, the PPK dataset submitted for TEZ
contained information from 670 patients and 665 of them provided PK data for TEZ. In addition,
sponsor fixed the effect of body weight on CL was fixed to 0.75 from base model. The statistically
significant covariate effect by the female gender on CL may be an artifact to compensate for the body
weight difference in male and female patients. Reviewer conducted independent analysis on TEZ and
M1-TEZ PK based on sponsor’s PK-PD dataset and confirmed a lack of need for TEZ dose
adjustment based on age, gender, race, body weight, baseline disease condition (i.e. baseline ppFEV1
or SwCl), co-administration of IVA, and mild or moderate renal impairment based on estimated
glomerular filtration rate.
2. Reviewer conducted independent analysis based on the IVA PKPD dataset and confirmed that the
previously established compartment model for IVA was suitable for describing IVA PK in the target
patient population in this submission. Although the use of TEZ was a statistically significant
covariate on IVA PK and IVA exposure was higher in the TEZ/IVA treatment than in the IVA alone
treatment, the contribution of TEZ to the combination therapy can be justified based on the flatness of
ER relationship for IVA at the proposed dose.

Exposure-Response (E-R) Analysis
Objectives


Describe the E-R relationship between TEZ exposure vs. ppFEV1 or SwCl.

Data, Software, and Methods
The ppFEV1 and SwCl population PK-PD modeling datasets were created from the F/F population in
studies 101, 103, 106, 107, and 108. It included the longitudinal ppFEV1 or SwCl observations as well as
the simulated average concentration during the dosing interval (Cavg) for each ppFEV1 or SwCl
observation day using TEZ empirical Bayes estimates from the final TEZ PK model. A direct effect,
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repeated measures, maximum response (Emax) models were developed with TEZ Cavg driving changes
in ppFEV1 and SwCl responses. Based on prior experience, the effect of IVA co-administration was
estimated as proportional change in Emax. Baseline (E0), Emax, and the residual error for ppFEV1 were
modeled as a function of AGE in the base model development. Modeling and simulations were conducted
in NONMEM 7.3.
Results
The final ppFEV1 model employed a change point function to describe the relationship between Emax
and AGE where ppFEV1 Emax is constant from AGE 12 (the youngest age in the data set) up to a certain
estimated age and then declines linearly with age. In addition, a disease progression model was developed
so that ppFEV1 could change linearly over time when the patient is not in the active treatment arm. The
final ppFEV1 model is described below:

ppFEV1 final model parameters are summarized in Table 20. On average, the fractional increase in
ppFEV1 Emax when IVA was in the regimen was 1.60. Based on bootstrap parameter distribution, there
was a 97.7% chance that the IVA effect on ppFEV1 Emax was greater than 1. Emax was estimated to
decline by 0.0664 units per year of AGE after an estimated AGE of 29.6 years. This parameter in
particular was not well estimated. For subjects not receiving active TEZ or TEZ+IVA dosing, ppFEV1
was estimated to decline over a period of 24 weeks by -0.956. Shrinkage for the random effect on E0 was
low (1.05%) but was much higher for the random effect on Emax (55.7%). The distribution of ETA on E0
appeared to be truncated on the tails which could be consistent with data inclusion criteria based on a
minimum or maximum. The final ppFEV1 model described the observed data well. Simulation based
predictive checks confirmed that 5th, 50th, and 95th ppFEV1 percentiles simulated from the final model
were generally consistent with observed data when summarized against TEZ Cavg and AGE. Under the
model, the proposed regimen of 100 mg TEZ QD and 150 mg IVA Q12h is dosed at 89.1% of the
ppFEV1 model predicted Emax.
The final SwCl PKPD model is a direct effect Emax model with a Box-Cox transformed subject-level
random effect. No covariates were pre-specified for the SwCl analysis except for the proportional change
in Emax by IVA co-administration. A proportional subject-level random effect was included for Emax
and the residual error was modeled with an additive relationship (). On average, the fractional change in
SwCl Emax when IVA was in the regimen was 0.727. Based on bootstrap parameter distribution, there
was a 98.9% probability that the IVA effect on SwCl Emax was less than 1. The proposed regimen of 100
mg TEZ QD and 150 mg IVA Q12h is dosed at 87.4% of the SwCl model predicted Emax.
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Table 20. Final ppFEV1 model (Upper) and SwCl model (Lower) parameter estimates. Parameter estimates are
the maximum-likelihood estimates from NONMEM runs using FOCEI. The 95% CI are calculated from bootstrap
estimates.

Source: Population PK-PD modeling report, Table 25 and 30.
Figure 8. Predictive check for ppFEV1 or SwCl versus TEZ Cave and AGE among subjects receiving TEZ
active doses. Dashed lines are observed 5th, 50th, and 95th ppFEV1 percentiles in the Cave or AGE bin. Shaded
areas are simulated 95% confidence intervals for the corresponding quartiles.
ppFEV1 vs. TEZ Cave

ppFEV1 vs. AGE

SwCl vs. TEZ Cave

SwCl vs. AGE

Source: Population PK-PD modeling report, Figure 105, 107, 113, and 115.

In a dedicated DDI study with itraconazole, a strong CYP3A inhibitor, TEZ exposures were increased by
4-fold and M1-TEZ exposures were lowered by 40% in the presence of itraconazole. The proposed dose
modification recommendation in the presence of strong CYP3A inhibitors is to reduce TEZ dosing to
twice weekly. Under the assumption that free TEZ and M1-TEZ contribute equally to efficacy and that
the TEZ and M1-TEZ exposures in Study 106 are representative in CF patients not taking CYP3A
inhibitors, the proposed dosing in the presence of itraconazole yields exposures equivalent to a 75 mg
TEZ dose in the absence of itraconazole. Sponsor’s PKPD modeling (TEZ- ΔppFEV1 model in Table 20)
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suggested that a reduction of TEZ dose from 100 mg to 75 mg (e.g. Cave from 3520 ng/mL at 100 mg
BID in Study 106 to 2640 ng/mL at 75 mg BID equivalent in the presence of itraconazole) would have a
modest impact on the change in ppFEV1 (Figure 9).
Figure 9. Comparison of the simulated Week 4 ΔppFEV1 response in the F/F Population for a range TEZ
doses in combination with IVA 150 mg q12h.

Source: Response to Request for Information dated 20 October 2017, Figure 1.

Reviewer’s Comments:
1. M1-TEZ is a primary metabolite with equal potency as TEZ. Reviewer conducted independent
analysis to evaluate the relationship between total TEZ exposure (total active moiety, calculated by
TEZ+M1-TEZ) vs. change from baseline ppFEV1. Consistent with sponsor’s conclusion, a positive ER relationship was observed between total TEZ exposure and change from baseline ppFEV1, and the
proposed dose modification in the presence of a strong CYP3A inhibitor is supported by the PK/PD
simulations.
2. Sponsor conducted population PK-PD analysis for IVA in CF patients with the G551D gating
mutation. The IVA effect on ppFEV1 was modeled as a function of the IVA Ctrough using an Emax
model. EC50 is estimated to be 102 nM (40 ng/mL). If the E-R relationship can be readily applicable
to the target patient population for the proposed indication, IVA effect on ppFEV1 is saturated at the
proposed dose of IVA and an improved response in the TEZ/IVA treatment arm than the IVA alone
arm should be attributed to the co-administration of TEZ. Reviewer conducted independent analysis
based on PK-PD data from study 108. Reviewer’s analysis supported the contribution of TEZ in the
combination therapy.

Reviewer’s Analysis
Objectives



Conduct graphical analysis and E-R analysis to evaluate the contribution of TEZ in the combination
therapy.
Evaluate E-R relationship between TEZ exposure (total active moiety) and ppFEV1.

Data, Software, Methods
Name
vrt104101_pkpd_iva.xpt
vrt104101_pkpdv4.xpt

Description
IVA PK dataset
TEZ PK/PD dataset

Link to EDR
nda210491\0001\m5\datasets\n021\analysis\legacy\datasets
nda210491\0001\m5\datasets\n021\analysis\legacy\datasets
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IVA PK dataset contained 6624 observations from 814 patients from studies VX661-101, 103, 106, 107,
108 and VX08-770-104. Based on prior knowledge, a two-compartment structure model with parallel first
order and zero order absorption processes and a mixed proportional and additive error model were applied
to describe the data. Covariate effect by gender, age, patient population (vs. healthy subject), race, and
TEZ use were evaluated. The final model was used to predict the exact concentration or the 12-hour
average IVA concentration up to the time of ppFEV1 measurement in study 108. Graphical analysis and
E-R analysis (Emax model) were conducted to evaluate potential relationship between IVA exposure and
ppFEV1 in the presence or absence of TEZ.
TEZ PK/PD dataset was reanalyzed to confirm labeling claims on covariate effect (i.e. renal impairment)
and to calculate different TEZ exposure measures including the average parent drug concentration or total
active concentration in the 24 hours or at the time of ppFEV1 measurement. After base model was
developed, body weight was added as an allometric component on clearance and the effect was evaluated
by objective function value and goodness-of-fit plots. The effects of additional covariate on TEZ PK were
evaluated a full model approach after graphical analysis of base model output. E-R analysis (Emax
model) was conducted to evaluate the relationship between TEZ exposure and ppFEV1 in the F/F
population in studies 101, 103, 106, 107, and 108. Disease progression model was coupled with drug
effect model in all study patients.
NONMEM (v7.3), Pirana (2.9.0), and R (v3.2.2) were used for the FDA reviewer’s analysis. FOCE+I
method was used in NONMEM analyses.
Results and Discussion
The updated IVA PK dataset including data from the target patient population can be adequately
described by the pre-selected structure model. Model parameters were generally comparable with those
presented in the original IVA application. Gender, age, race, and patient population were not statistically
significant covariate on IVA PK. Co-administration of TEZ is a statistically significant covariate which
decreases CL/F by approximately 13%. Post hoc analysis suggested that patients in study VX08-770-104
had higher CL/F than the rest of populations; clinical relevance from this observation is not clear.
Table 21. Parameter estimates from the final IVA model (run 5001_011). The reference subject is on IVA alone
treatment with a body weight of 70 kg.
Estimate (RSE %)
CL/F (L/h)
V2/F (L)
V3/F (L)
Q/F (L/h)
KA (/h)
D1 (h)
F1
TEZ_CL_linear
Proportional Error
Additive Error
Source: reviewer’s analysis

17 (3)
146 (4)
97.7 (8)
11.6 (15)
0.498 (7)
2.69 (4)
1 fixed
0.873 (3)

IIV
0.2 (7; 13)

0.317 (28; 33)
0.127 (22; 52)

0.761 (10; 50)
0.0878 (8; 45)
0.0141 (3; 29)
40000 (1; 29)
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Variance (%RES; %Shrinkage)
IOV
Residual
0.0599 (8; 54)

Graphical analysis suggested that in the target patient population for the proposed indication (study 108),
change from baseline ppFEV1 appeared to be saturated at the proposed dose level. In the wide ranges of
12-hour average IVA concentration or IVA concentration at the time of measurement, a flat relationship
was observed between change from baseline ppFEV1 and IVA exposures (Figure 7). When the data is
fitted with an Emax model, the EC50 values for IVA exposure are less than 1, while the Emax values are
approximately 3.9 in the IVA alone treatment and 5.1 in the IVA/TEZ treatment groups. Overall,
graphical analysis and PK-PD modeling suggested that the improved efficacy in the IVA/TEZ treatment
group is a result of TEZ contribution rather than the 20% higher IVA exposure.
In reviewer’s PPK model for TEZ / M1-TEZ, the effects of body weight on CL or V were not set to fixed
values. Graphical analysis of reviewer’s base model output and statistical analysis based on objective
function value suggested that body weight is not a statistically significant effect on TEZ PK. Reviewer’s
final TEZ PPK model parameters were presented in Table 22. Reviewer’s analysis confirmed a lack of
clinically meaningful effect on TEZ PK from age, race, gender, body weight, baseline ppFEV1 or SwCl,
co-administration of IVA, or mild or moderate renal impairment based on estimated glomerular filtration
rate (Figure 10).
Table 22. Parameter estimates from the final TEZ model (run_011). The reference subject is a 27 year old male
with a body weight of 60 kg not in Study 108.
Estimate
(RSE %)
CL/F (L/h) 1.27 (2)
V2/F (L) 22.3 (2)
V3/F (L) 34.2 (4)
Q/F (L/h) 0.159 (6)
KA (/h)
1.66 (5)
D1 (h)
1.31 (4)
Source: reviewer’s analysis

Parameter

IIV - Variance
(%RES; %Shrinkage)
0.0975 (8; 8)
0.0345 (68; 51)
0.415 (29; 62)
0 FIX
0.998 (10; 51)
0.472 (9; 50)
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Estimate
(RSE %)
AGE_CL_linear
0.144 (27)
Study108_CL_linear
-0.15 (18)
AGE_V2_linear
0.0062 (29)
BodyWeight_V2_linear 0.0061 (31)
Log Additive Error
0.378 (3)
Parameter

Figure 10. Covariate effect on steady state TEZ exposure based on post hoc analysis in patients who provided
PK data in the TEZ PPK dataset. Red lines represent the 150%, 100%, and 66.7% of the typical steady state AUC
value in the population.

Source: reviewer’s analysis
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Positive E-R relationships were observed between change from baseline ppFEV1 and TEZ or M1-TEZ,
both with the 24-hour average total active TEZ exposure and the total active TEZ concentration at the
time of PD measurement. Parameters in the final ppFEV1~average total active TEZ concentration model
are summarized in Table 23. The effect of IVA on Emax was significant but not well estimated likely due
to the small percentage of patients who were on the TEZ alone treatment: when IVA was modeled as a
binary covariate, the Emax was estimated to be 2.84 in the TEZ treatment and 3.99 in the TEZ/IVA
treatment group, however, the effect of IVA was estimated with %RSE of 81% and the decrease in OFV
was less than 2. Therefore, IVA was not included in the final model. Assuming that the typical daily TEZ
exposure without itraconazole is 3520 ng/mL, the M1-TEZ exposure is 5280 ng/mL, and TEZ exposure
increases by 4 fold while M1-TEZ exposure decreases by 40% in the presence of itraconazole, the amount
of total activity moiety drops from 16946 nM to 9475 nM under the proposed dosing recommendation
with strong CYP3A inhibitor. This change corresponds to the drop from 84% maximum efficacy to 75%
maximum efficacy based on the reviewer’s E-R analysis. This decrease in 9% maximum efficacy or a
drop of 0.35 in the absolute ppFEV1 measure appeared modest.
Table 23. Parameter estimate in the ppFEV2 vs. average total TEZ active moiety model.
baseline ppFEV1
ppFEV1 decrease over time (/10000 h)
log10_EC50 (nM)
Emax
Proportional Error
Additive Error
Source: reviewer’s analysis

Estimate (RSE %)
58.6 (1)
-0.351 (16)
3.53 (5)
3.91 (9)
0.2026 (42)
3.34 (12)

IIV_Variance (%RES; %Shrinkage)
(additive) 202 (5; 2)
0.0159 (27; 47)
0.465 (16; 48)

Appendix
Description of studies involved in PKPD modeling of IVA and TEZ.
Study 101
Safety, efficacy, PK, and PD of TEZ monotherapy and TEZ/IVA combination therapy (F/F and
F/G551D subjects)
Study 103
Safety, efficacy, PK, and PD of TEZ in combination with IVA (F/F subjects)
Study 106
Efficacy and safety of TEZ in combination with IVA (F/F subjects)
Study 107
Efficacy and safety of TEZ in combination with IVA (F/F and F/not responsive [NR] subjects)
Study 108
Efficacy and safety of TEZ in combination with IVA (F/F and F/RF subjects)
Study 770-104 Safety and Efficacy of IVA (F/F subjects)
The number of subjects, observations, and observations below the limit of quantitation by study for TEZ,
M1‐TEZ, M2‐TEZ, and IVA in the population PK analyses.
Study
TEZ_Subjects
TEZ
M1-TEZ M2-TEZ IVA_Subjects
IVA
101
153
3448/16
3352/45 2724/244
116 2277/221
103
21
449/0
449/0
448/1
21
416/33
106
247
1870/4
1870/4
1870/4
243
1849/24
107
82
321/0
321/0
0/0
82
320/4
108
157
301/0
301/0
0/0
239
617/0
2104
112
1145/0
Source: Adapted from Population PK-PD modeling report, Table 2 and 6.
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Continuous covariates in subjects contributing to the TEZ PK dataset that supported sponsor’s analysis.
All studies
Study 101
Study 103
Study 106
Study 107
Study 108
AGE
28 (12, 72)
29 (16, 59)
28 (18, 44)
25 (12, 64)
25 (13, 52)
35 (12, 72)
eGFR
109 (38, 321)
121 (66.9, 321)
109 (57, 162)
110 (38, 219) 112 (73, 200)
92 (54, 164)
WT
61 (29, 127)
63 (43, 101) 59.5 (43.6, 78.9)
57 (29, 93)
58.3 (31, 90)
67 (42, 127)
Source: Adapted from Population PK-PD modeling report, Table 4. Data is presented as “Q50 (min, max)”. AGE is
given in years, eGFR is given in mL/min/1.73 m2, and WT is given in kg.
Categorical covariates in subjects contributing to the TEZ PK dataset that supported sponsor’s analysis.
Covariate
Level All studies Study 101 Study 103
Study 106
Study 107
Study 108
RENAL eGFR >= 90
507 / 0.768 135 / 0.205 12 / 0.0182 208 / 0.315 65 / 0.0985 87 / 0.132
RENAL 60 <= eGFR <= 89 146 / 0.221 18 / 0.0273 8 / 0.0121
38 / 0.0576 17 / 0.0258 65 / 0.0985
RENAL 30 <= eGFR <= 59 7 / 0.0106
1 / 0.00152 1 / 0.00152
5 / 0.00758
Gender
Female
319 / 0.483 67 / 0.102
9 / 0.0136
120 / 0.182 38 / 0.0576 85 / 0.129
IVA
+IVA
627 / 0.95
120 / 0.182 21 / 0.0318 247 / 0.374 82 / 0.124
157 / 0.238
Source: Adapted from Population PK-PD modeling report, Table 5. Date is presented as the number of “subjects /
fraction in the entire analysis dataset”.
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4.3 Physiological-based Pharmacokinetic Modeling Review
NDA/BLA Number
Generic Name
Trade Name
Submission Type
Sponsor
Dosage Form and Strengths
Proposed Indication

Dose Regimen
Primary PBPK Reviewer
Secondary PBPK Reviewer

NDA 210491
Tezacaftor and Ivacaftor (TEZ/IVA)
SymdekoTM
New NDA (New Molecular Entity; Priority Review)
Vertex Pharms
Tablet / Tablet: one tablet containing 100 mg TEZ / 150 mg IVA; one tablet
containing IVA 150 mg
For treatment of patients with cystic fibrosis (CF) aged 12 years and older
who are homozygous for the F508del mutation or who have at least 1
mutation in CFTR gene that is responsive to TEZ/IVA based on in vitro data
and/or clinical evidence.
One tablet (containing tezacaftor 100 mg / ivacaftor 150 mg) in the morning
and one tablet (containing ivacaftor 150 mg) in the evening, approximately
12 hours apart. SYMDEKO should be taken with fat-containing food.
Nan Zheng, Ph.D.
Yuching Yang, Ph.D.

1. Objectives


To evaluate the adequacy of applicant’s physiologically-based pharmacokinetic (PBPK) model to
predict the drug-drug interaction (DDI) potential between tezacaftor (a CYP3A substrate) and
fluconazole (a moderate CYP3A inhibitor) in human.

2. Background
TEZ is a cystic fibrosis transmembrane conductance regulator (CFTR) corrector currently being
developed to treat CF. It is intended to be given as a fixed-dose combination (FDC) with ivacaftor (IVA),
a CFTR potentiator. The proposed dose is one tablet (containing 100 mg TEZ and 150 mg IVA) in the
morning and one tablet (containing 150 mg IVA) in the evening, approximately 12 hours apart, taken with
fat-containing food. M1-TEZ is the major circulating metabolite of TEZ in human. Both TEZ and M1TEZ are highly protein bound in the plasma with fraction unbound (fu) values <1%. The applicant
reported that similar pharmacology activity were found in preclinical chloride transport assay for TEZ and
M1-TEZ using human bronchial epithelial cells cultured from CF patients. However, the applicant is
unable to differentiate the individual contributions of TEZ and M1-TEZ on the clinical efficacy.
In a dedicated DDI study, daily doses of 200 mg itraconazole oral solution resulted in a 4-fold increase in
TEZ area under the plasma concentration-time curve (AUC) and a decrease of 40% in AUC of M1-TEZ,
when 25 mg TEZ tablet was given orally every 24 hours with food.
This review evaluates the adequacy of applicant’s TEZ PBPK models to predict the effect of moderate
CYP3A inhibitors on the PKs of TEZ and M1-TEZ.
IVA was approved in January 2012 for treatment of CF in patients age 6 years and older who have a
G551D mutation in the CFTR gene. No changes were proposed in this submission with regard to IVA
dosing regimens under DDI effect.
3. Method
Summary of Clinical Studies Used in TEZ/M1-TEZ Model Development and Verification
ID
VX13-661-005

Relevant Study Design Features
A Phase 1, open label, mass balance study to investigate the absorption, metabolism, and
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(the ADME study)
VX14-661-006*
(the DDI study)

excretion of 14C-VX-661 following single oral administration to healthy male subjects.
Cohort 1 (N=18):
Period 1 (Day 1-14): TEZ 25 mg / IVA 50 mg as separate tablets, QD
Period 2 (Day 15-28): TEZ/IVA (same as above); itraconazole 200 mg oral solution, QD#
Cohort 2 (N=16)
Period 1 (Day 1-5): a single dose of midazolam and digoxin;
Period 2 (Day 6-19): TEZ 100 mg/IVA 150 mg FDC tablet in the morning and IVA 150
mg tablet in the evening; a single dose of midazolam and digoxin on Day 15
* Study title: A Phase 1, open label study to evaluate the pharmacokinetic drug-drug interactions between VX-661
in combination with ivacaftor and itraconazole, midazolam, and digoxin in healthy adult subjects.
#
A single loading dose of 200 mg ITRA was applied in Cohort 1 Period 2.

Model Development
A minimal TEZ PBPK model was constructed based on available physiochemical properties (e.g.,
permeability, blood to plasma ratio, plasma protein binding) of TEZ and clinical data. The model
assumed first order oral absorption where the value of fraction absorbed (Fa) was set to 0.82 based on the
ADME study, and first order absorption rate constant (ka) was estimated from Caco-2 permeability assay.
Intestinal extraction of TEZ was predicted to be minimal (Fg=0.95) by the Qgut model considering that
TEZ has low oral clearance, low first pass effect, and moderate interaction with itraconazole. Distribution
parameters, such as in-vivo volume of distribution, Vss, were optimized based on Cohort 2, Period 2 of
the DDI study. The fractional metabolism by CYP3A4 (fm_CYP3A4) was set to 73.2% based on the
ADME study. CYP3A4-mediated intrinsic clearance, Clint, was calculated using the built-in Simcyp
retrograde calculator based on fm and oral clearance (CLpo) or hepatic clearance (CLiv) from population
PK analysis. Table 26 listed the parameters used in the TEZ PBPK model.
Similarly, M1-TEZ base model was built based on in vitro measurements and clinical data (Table 26).
Applicant assumed that M1-TEZ was exclusively formed by CYP3A4 based on in vitro CYP phenotyping
data. The values of Vss and CLiv were optimized to capture the mean M1-TEZ plasma concentrationtime profile in Cohort 2, Period 2 of the DDI study. The fm_CYP3A4 for M1-TEZ was set to 80% by
sensitivity analysis to recapture the ratio of M1-TEZ with/without itraconazole observed in Cohort I of
the DDI study.
Model Verification
In the DDI study, itraconazole oral solution was administrated after an overnight fast and 1 hour before
administration of IVA/TEZ with food. In the simulation, itraconazole was administrated as solution under
the fed condition. The simulated itraconazole and OH-itraconazole plasma concentration profiles agree
with the observed data in the clinical trial.
Two simulation scenarios were generated to verify the PBPK models of TEZ/M1-TEZ:
1. Verification 1: To verify whether the model can capture the TEZ and M1-TEZ plasma concentration
time profiles with the FDC dosing regimen (Cohort 2, Period 2 of the DDI study).
2. Verification 2: To verify that the model can capture the TEZ and M1-TEZ plasma concentration time
profiles and the corresponding changes in AUC and Cmax in the presence of itraconazole (Cohort 1 in the
DDI study).
Model Application
Three simulations were conducted to support the application of PBPK modeling:
1. Application 1: To predict the impact of a moderate CYP3A4 inhibitor (fluconazole) on the exposure of
TEZ and M1-TEZ at 50 mg dose level.
2. Application 2: To assess the extent of uncertainty in predicted AUCR and CmaxR in the presence of
itraconazole with TEZ fm_CYP3A4 ranging from 65% to 85%.
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3. Application 3: To assess the extent of uncertainty in predicted AUCR and CmaxR in the presence of
fluconazole with TEZ fm_CYP3A4 ranging from 65% to 85%.
Software
Applicant conducted this PBPK analyses using Simcyp, version 15. The healthy volunteer population
(Sim-Healthy Volunteers) from the Simcyp virtual population library was used for all simulation
scenarios. Itraconazole (SV-Itraconazole_Fasted Soln) and fluconazole (SV-Fluconazole) from default
library inhibitor files were used without modifications.
4. Result
4.1 Can PBPK model capture TEZ exposure under different dosing scenario, including the effect
of itraconazole, a strong CYP inhibitor?
Yes. TEZ and M1-TEZ PBPK models reasonably described the results of: (1) single- and multiple-dose
PK data on TEZ and M1-TEZ given as FDC (Figure 11), and (2) multiple-dose PK data (Figure 12) and
effects of itraconazole on the PKs of TEZ and M1-TEZ in the DDI study (Table 24).
Figure 11. Observed (circles) and PBPK-predicted (lines: mean and 5th/9th percentiles) plasma-time profiles of
TEZ and M1-TEZ following a single dose (left) or multiple doses (right) of 100 mg TEZ as FDC tablet in
Cohort 2, Period 2 in the DDI study.

Source: PBPK report (n032.pdf), Figure 7-2
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Figure 12. Observed (circles) and PBPK-predicted (lines: mean and 5th/9th percentiles) plasma-time profiles
of TEZ and M1-TEZ without (left) or with (right) co-administration with itraconazole in in Cohort 1 of the
DDI study.

Source: PBPK report (n032.pdf), Figure 7-3
Table 24. Summary of the predicted vs. observed AUC and Cmax ratios with or without the presence of
itraconazole, a strong CYP3A4 inhibitor

Source: PBPK report (n032.pdf), Table 6-2

4.2 Can PBPK model predict TEZ and M1-TEZ exposure change when the drug is co-administered
with a moderate CYP3A inhibitor fluconazole?
Yes. TEZ and M1-TEZ PBPK models were verified using clinical DDI data with itraconazole, a strong
CYP3A inhibitor. PBPK models of TEZ and M1-TEZ was then used to predict untested clinical DDI
scenarios with fluconazole. When 50 mg TEZ was co-administered with 200 mg fluconazole, both on a
daily basis, the model predicted 2.1-fold and 1.7-fold increases in the steady state Cmax and AUC for
TEZ, respectively, and M1-TEZ steady state AUC and Cmax were predicted to increase by 1.2-fold
(Table 25).
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Table 25. Simulated AUC and Cmax ratios with or without fluconazole

Source: PBPK report (n032.pdf), Table 6-3
By varying the fm_CYP3A4 value from 0.65 to 0.85, the model predicted an approximately 2-fold
difference in the simulated ratio of AUC of TEZ with/without co-administered with itraconazole
(Application 2, Figure 13, left panel). However, the impact of TEZ fm_CYP3A4 on the predicted AUCR
with fluconazole was not significant (Application 3, Figure 13, right panel). Reviewer conducted an
additional PBPK analysis to identify an alternative value of fm_CYP3A4 for M1-TEZ, with TEZ
fm_CYP3A4 set to 80%, to capture the observed M1-TEZ AUCR in the DDI study. An alternative value
of 75% was assigned to fm_CYP3A4 for M1-TEZ. Reviewer then used the Applicant’s PBPK model,
with fm_CYP3A4 for TEZ equals 80% and fm_CYP3A4 for M1-TEZ equals 75%, to simulate the DDI
effect between fluconazole and TEZ. The steady state AUC and Cmax for TEZ was predicted to increase
by 2.3-fold and 1.7-fold, respectively, and M1-TEZ steady state AUC and Cmax were predicted to
increase by 1.3-fold, in the presence of fluconazole. Reviewer’s analysis confirmed that applicant’s TEZ
and M1-TEZ models are robust in terms of predicting DDI effect with fluconazole. Reviewer’s analyses
were conducted with Simcyp version 16.
Figure 13. Parameter sensitivity analysis of the fractional metabolism of TEZ by CYP3A4 on the predicted
AUCR with or without itraconazole (left) or fluconazole (right).

Source: PBPK report (n032.pdf), Figure 7-5 and 7-6

Table 29 in Appendix summarized the fold-change in the exposure of TEZ, M1-TEZ, and total active
moiety when TEZ is co-administrated with itraconazole and fluconazole. The amount of total active
moiety was calculated as the sum of TEZ and M1-TEZ in molar units.
5. Conclusion
The applicant’s PBPK model for TEZ can be used to predict the PK of TEZ and M1-TEZ with strong and
moderate CYP3A inhibitors. The PBPK model predicted an 2.1-fold increase in TEZ exposure and an
1.2-fold increase in M1-TEZ exposure when the drug is co-administered with fluconazole, a moderate
CYP3A inhibitor.
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6. Abbreviations
AUC, area under the concentration-time profile; AUCR, the ratio of the area under the curve of the
substrate drug in the presence and absence of the perpetrator; BID, twice daily dosing; B/P, blood to
plasma ratio; Cmax, maximum concentration in plasma; CmaxR, the ratio of the maximum plasma
concentration of the substrate drug in the presence or absence of the perpetrator; CL, clearance; CLint,
intrinsic clearance; CLiv, intravenous clearance; DDI, drug-drug interaction; F, bioavailability; Fa,
fraction absorbed; Fg, fraction that escapes intestinal metabolism; fm, fraction metabolized; fu, unbound
fraction in plasma; fu mic, unbound fraction in microsomes; ka, first order absorption rate constant; Kp,
tissue-to-plasma partition coefficient; Ki, reversible inhibition constant; NA, not applicable; PBPK,
Physiological-based Pharmacokinetic; Peff, predicted effective intestinal permeability; Q, intercompartment clearance; QD, once daily dosing; Qgut, a hypothetical flow term for the intestine
absorption model; Vsac, volume of distribution in the single adjusted compartment; Vss, volume of
distribution at steady state.
7. Information Requests
Given the similar pharmacologically activities between TEZ and its active metabolite M1-TEZ (Section
4.3.2 of pharmacol-written-summary.pdf, Submission 0001) and higher plasma M1-TEZ exposure than
TEZ exposure (Section 3.3 in summary-clin-pharm.pdf, Submission 0001), provide information as to
whether a 3.5-fold dose reduction in TEZ when the drug is co- administrated with a strong CYP3A
inhibitor (such as itraconazole) would decrease efficacy if the efficacy of TEZ is driven by both TEZ and
M1-TEZ.
(Response to Information Requests is reviewed under the Pharmacometrics Review)
8. Appendix
Table 26. Input parameters for TEZ and M1-TEZ PBPK models
Parameter
Physical-Chemical Properties
Mol Weight (g/mol)
log P
Compound Type
Blood to plasma ratio
fup
Absorption
fu(Gut)
fa
fg
F
PCaco-2(10-6 cm/s)
Reference Compound
Scalar
Distribution (minimal PBPK)
Vss (L/kg)
Vsac (L/kg)
Q (L/h)
Elimination
CLpo (L/hr)
CLiv (L/hr)
rCYP3A4 CLint (µL/min/pmol of isoform)

TEZ

M1-TEZ Reference

520.5
3.6
Neutral
0.658
0.009

518.48
4.397
Neutral
0.573
0.004

1
1
0.82
0.95
0.75
4.70
Multiple
2.997

Default
Estimated from ADME study
Predicted by Qgut model
Predicted
in vitro measurement
in vitro measurement
Calibration from reference compounds

0.332
0.113
0.873

Optimized
Optimized
Optimized

0.232

1.39
0.175

0.387
0.141
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in vitro measurement
in vitro measurement
in vitro measurement
in vitro measurement
in vitro measurement

Final output from PopPK CL/F
Optimized by parameter estimation
Retrograde calculator

Additional HLM (µL/min/mg protein)
Interaction
CYP2C8 Ki (µM)
fu mic
CYP2C9 Ki (µM)
fu mic
CYP2C19 Ki (µM)
fu mic
CYP3A4 Ki (µM)
fu mic
CYP2CB6 Ki (µM)
fu mic
CYP2D6 Ki (µM)
fu mic

7.359

4.819

Retrograde calculator

13
0.738
13.5
0.876
22.5
0.876
12.5
0.876

6.05
0.52
7.0
0.730
19.55
0.730
11.65
0.730
21.2
0.52
24.4
0.730

in vitro measurement
Predicted: simcyp calculator, 0.25 mg/mL protein
in vitro measurement
Predicted: simcyp calculator, 0.1 mg/mL protein
in vitro measurement
Predicted: simcyp calculator, 0.25 mg/mL protein
in vitro measurement
Predicted: simcyp calculator, 0.1 mg/mL protein
in vitro measurement
Predicted: simcyp calculator, 0.25 mg/mL protein
in vitro measurement
Predicted: simcyp calculator, 0.1 mg/mL protein

Source: adapted from PBPK report (n032.pdf), Appendix A
Table 27. Trial designs for use in the verification simulations.
Workspace
Purpose
Compound Type
Compound Name
Compound file
Route
Dose
Formulation
Time of
administration
Regimen
Fasting/Fed
Metabolite
Population
Trial number
Subject number
Female proportion
Age

Verification 1
Verification simulation 2
FDC PK validation
Substrate
TEZ
Vertex-Tezacaftor-FDC
Oral
100 mg
First order absorption
9:00 AM (day 1 to 10)
QD
Fed
Vertex-M1-Tezacaftor-FDC
Sim-Healthy Volunteers
5
16
0.625
22 to 53

Verification 2
Verification simulation 3
Itraconazole DDI
Substrate
Inhibitor
TEZ
Itraconazole
Vertex-Tezacaftor-FDC
SV-Itraconazole_Fasted Soln
Oral
Oral
25 mg
200 mg
NA (first order absorption)
Solution
9:00 AM (day 1 to 28)
8 AM/PM (day 15)
8 AM (day 16 to 28)
QD
BID / QD
Fed
Fed
Vertex-M1-Tezacaftor-FDC
SV-OH-Itraconazole
Sim-Healthy Volunteers
5
18
0.39
18 to 50

Source: adapted from PBPK report (n032.pdf), Table 5-2 and 5-3
Table 28. Trial designs for use in the verification simulations.
Workspace

Application 1
Application simulation 1

Purpose

FDC + Fluconazole

Compound type
Compound name
Compound file

Substrate
TEZ
CF1

Inhibitor
Fluconazole
SV-Fluconazole

Route
Dose

Oral
50 mg
(day 1-14)
NA*
9:00 AM

Oral
400 mg (day 1)
200 mg (day 2-14)
NA*
9:00 AM

Formulation
Time of

Application 2
Application simulation
4-1, 4-2, 4-3, 4-4
TEZ fm_CYP3A4 sensitivity
analysis + fluconazole
Substrate Inhibitor
TEZ
Fluconazole
CF1
SV-Fluconazole
Oral
50 mg

Oral
400 mg (day 1)
200 mg (day 2-14)
NA*
NA*
NA*
9:00 AM 9:00 AM
9:00
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Application 3
Application simulation
5-1, 5-2, 5-3, 5-4
TEZ fm_CYP3A4 sensitivity
analysis + itraconazole
Substrate Inhibitor
TEZ
Itraconazole
CF2
SV-Itraconazole_
Fasted Soln
Oral
Oral
25 mg
200 mg
Solution
8 AM/PM (day 15)

administration
Regimen
Fasting/Fed
Metabolite

QD
Fed
M1

QD
Fed
NONE

QD
Fed
M1

QD
Fed
NONE

AM
QD
Fed
M1

8 AM (day 16 to 28)
BID / QD
Fed
SV-OHItraconazole
Sim-Healthy Volunteers
5
18
0.39
18 to 50

Sim-Healthy Volunteers
Sim-Healthy Volunteers
Population
5
5
Trial number
18
18
Subject number
0.39
Female proportion 0.39
18 to 50
18 to 50
Age
* NA (first order absorption model selected)
CF1: Vertex-Tezacaftor-FDC;
CF2: Vertex-VX-661-FDC;
M1: Vertex-M1-Tezacaftor-FDC;
Source: adapted from PBPK report (n032.pdf), Table 5-4, 5-7, and 5-8

Table 29. Summary of exposure change in TEZ, M1-TEZ, or total active moiety when TEZ is administered
with itraconazole or fluconazole.

Itraconazole (observation)
Fluconazole (simulation)

TEZ
CmaxR
AUCR
2.8
4.0
2.1
1.7
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M1-TEZ
CmaxR
AUCR
0.6
0.6
1.2
1.2

Total Active Moiety
CmaxR
AUCR
1.6
1.7
1.4
1.6

4.4 Division of Applied Regulatory Science Review of the FRT Assay
Executive Summary
Data on the activity of ivacaftor, tezacaftor and the combination in the in vitro Fisher Rat Thyroid (FRT)
cell system were evaluated. We requested original laboratory data for six of the 31 mutants studied. From
these data, we were able to reanalyze the protein expression data and the Ussing chamber chloride current
data and confirm the accuracy and robustness of the reported data. The protein analysis shows that
tezacaftor increased the maturity ratio for Cystic Fibrosis Transmembrane conductance Regulator (CFTR)
mutants only where the maturity ratio in untreated cells was less than 0.80. Tezacaftor increased the
amount of CFTR protein in FRT cells for all mutations tested. Electrophysiology analysis showed that
tezacaftor augmented ivacaftor’s potentiation of short circuit current mediated by CFTR proteins in FRT
cells expressing the 5 of the 6 submitted mutations.
The clear and quantifiable results from FRT experiments allowed us examine whether these in vitro
outcomes are correlated with clinical response. For this evaluation, clinical response was defined as an
increase in Forced Expiratory Volume (FEV1) for the combination above the response caused by ivacaftor
alone. By this standard, data from the FRT system was not able to predict clinical response to tezacaftor
above the effect of ivacaftor alone (r2 = 0.006). From this we conclude that data for mutations studied in
the FRT system alone are not sufficient to demonstrate a reasonable expectation of clinical benefit for the
tezacaftor/ivacaftor combination above the benefit of ivacaftor alone.

Background
The disease Cystic Fibrosis is caused by mutations in the CFTR gene that render the resulting CFTR
protein dysfunctional. The CFTR protein is a chloride channel that is important in several organs
including lung, intestine, pancreas and skin. Several hundred individual mutations of various types have
been identified. In 2012 the small molecule drug ivacaftor was approved for treatment of CFTR caused by
the G551D mutation. This mutation causes strongly reduced chloride channel activity despite normal or
higher than normal levels of protein on the cell surface. The drug acts to increase the channel open
probability of the CFTR protein and thus restore sufficient function to reduce clinical symptoms. Based
on additional clinical trials, approval was extended in 2014 include nine additional mutations. Most
recently in 2017, additional mutations were approved based on clinical data for some mutations and on in
vitro data only for other mutations where rarity made clinical trials impractical.
For this application, the sponsor (Vertex Pharmaceuticals) has combined the previously approved channel
potentiator ivacaftor with a new proposed drug tezacaftor as a fixed dose combination treatment.
Tezacaftor works by a different mechanism of action whereby it is thought to increase the trafficking of
mutant CFTR proteins to the cell surface. Based on the example of ivacaftor, the sponsor has proposed
that the combination be used to treat any of (b)
(4) mutations. For some mutations, there are both clinical and
in vitro data and for some there are only in vitro data.
The in vitro data consists of two mutually supporting data sets, Western blot (WB) data to evaluate CFTR
distribution and maturity, and Ussing chamber short circuit current data to measure CFTR channel
function.
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Evaluation
Overview of Western Blot (WB) Data
The sponsor supplied WB data for 28 of the 31 total mutations under study in this application. The other
three mutations were studied under the ivacaftor third application. This WB data is located in studies
M078 and N092.

Recreation of WB data
In the WB evaluation of CFTR, the protein is observed at two different MW locations, the B-band at 131
KD and the C-band at 170 KD. The B-band is the immature form with the complete polypeptide but only
the minimal core glycosylation and this form is only found intracellularly. The C-band is the mature form
with the full complex glycosylation and is the functional form found on the cell surface. In the figure
below, the left lane represents CFTR protein from a cell line transfected with a specific mutant CFTR
protein. The right lane is from the same cell line after treatment with an experimental drug to increase
trafficking to the cell surface. In each gel, two lanes are used with normal CFTR protein as a control.
Three or four gels are run with each mutant CFTR protein.

C-band (Mature)
B-band (Immature)
For these studies, each lane of the gel is also spiked with a fixed amount of the low molecular weight
protein GAPDH. The gel is scanned and the optical intensity values are recorded. Each C and B band
value is first normalized to GAPDH to equalize for variations in gel loading. Then two parameters are
calculated. The first is the fraction of mature CFTR protein calculated as C/(C+B). The second parameter
is the amount of mature protein for each mutant ± treatment(s) as a percentage of the untreated WT
protein on the same gel.
We requested raw data for P67L, A455E, S549R, F1074L and D1270N. Mutations selected to include data
from studies M078 & N092, high and low responders and two with matching clinical data. For each
mutant, data were supplied for untreated, treated with 10 µM tezacaftor and treated with the combination
of 3 µM ivacaftor and 10 µM tezacaftor. From the raw data supplied by the company we were able to
recreate the analysis chain of calculations. Two small errors (0.27 reported, 0.29 recalculated & 0.85
reported, 0.87 recalculated) were identified in the Mature Fraction calculation for A455E and S549R
respectively.
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Changes in CFTR protein
For the WB studies, data were reported for untreated control, 10 µM tezacaftor only, and the combination
of 3 µM ivacaftor plus 10 µM tezacaftor. The effect of ivacaftor only was not reported in these studies
and was not reported in study report G205v4 from the ivacaftor NDA #203188. Of the 31 mutations
evaluated in this study all but F508del are already approved for treatment with ivacaftor. No WB data was
reported for mutants G551S, S1255P and G1349D. Baseline mature ratio data for those three mutations
was extracted from report G205v4.
The mature fraction for normal CFTR is 0.92 in this study. Tezacaftor had clear effects only for those
mutants where the untreated mature fraction was less than 0.80. The combination of tezacaftor + ivacaftor
did not change the mature fraction above the effect of tezacaftor alone except for F508del. This allows us
to deduce that ivacaftor did not affect the mature fraction, which is consistent with its known mechanism
of action. For F508del, the T/I combination mature ratio was 0.18 ± 0.0 as compared to 0.25 ± 0.01 for
tezacaftor alone. See Appendix 4.4.1 for the full analysis table for mature to total ratio.
The amount of CFTR protein per cell was not directly measured, rather it was expressed as a percentage
of the WT protein staining intensity on the same gel. The baseline expression of protein varies widely
ranging from a low of 5.8% for F508del to a maximum of 483% for S1251N. All 28 mutants showed an
increase in CFTR expression in response to tezacaftor alone with fold increases ranging from 1.37 for
S549N to 23.11 for L206W. Combination treatment with tezacaftor + ivacaftor caused no additional effect
to a smaller increase for 24 mutants with fold increases from 0.98 to 1.29. In the case of four mutants,
G178R, R352Q, F508del, and S549R, the combination produced less CFTR protein than ivacaftor alone
with fold changes from 0.78 to 0.89 relative to ivacaftor alone. See Appendix 4.4.2 for the full analysis
table for mature protein levels.
In summary, we could recreate the WB results from the laboratory data supplied by the sponsor.
Tezacaftor affected the immature to mature ratio only for mutations where the untreated ratio was less
than 0.8. In nearly all cases, tezacaftor could increase the amount of mature CFTR protein above baseline.

Review of electrophysiology data summarized in “Vertex Study Reports M078 and N092” regarding the
effects of TEZ/IVA on mutant CFTR function in FRT cells.
In NDA 201491 (TEZ/IVA), the sponsor proposed using in vitro FRT/Ussing chamber assay to identify
patients with CFTR mutations that may benefit from TEZ/IVA treatment. This approach measures a druginduced increase of mutant CFTR function in vitro, quantified as the magnitude of the mutant CFTRmediated short circuit current (ISCC) assessed using an Ussing chamber platform and FRT cell lines that
stably express mutant CFTR proteins., The assumption is that response to TEZ/IVA in vitro would
translate to an alleviation of clinical symptoms in CF patients by these drugs in vivo. Based on in vitro
data alone, the Agency had recently approved expansion of the use of IVA as a treatment for CF patients
carrying one or more of 10 different CFTR mutations to patients carrying one or more of 34 different
mutations (NDA 203188). However, notable differences exist in the design and analysis of the Ussing
chamber experiments between the previous NDA 203188 (IVA only) and the current NDA 201491
(TEZ/IVA; see footnote #1). Thus, the Agency requested submission of raw electrophysiology records
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from select Ussing chamber experiments (summarized in Vertex Study Reports M078 and N092) for
independent reanalysis to better understand the in vitro assay results, experimental quality, and
reproducibility of drug response. In response to the Agency’s request, Vertex submitted the following
FRT/Ussing chamber experiments: 3 sets for CFTR P67L mutation, 3 for R347H, 3 for A455E, 4 for
S549R, 6 for D1270N, and 3 for F1074L. An electrophysiologist from the Division of Applied Regulatory
Science (DARS) inspected and analyzed all the submitted data independently using Igor Pro software
version 7.

Description of Ussing chamber system
The FRT/Ussing chamber experiments were conducted in 96-well plate, custom-built Ussing chamber
platform. Each well on the plate received one test condition only, with test condition defined as TEZ,
IVA, or the combination of both in various concentrations. In each 96-well plate, 6 concentrations of TEZ
and 8 concentrations of IVA were tested in various combinations to assess concentration-dependent effect
of TEZ/IVA combination of mutant CFTR-mediated ISCC. The electrophysiology data were organized by
well position on the plate (ranging from row A column 1 to row H column 12). To decode drug treatment
condition in each well, DARS’ electrophysiologist used a plate map as shown in Figure 14.

Figure 14. An example of the plate map for the 96-well plate Ussing chamber experiment. VX-770 =
Ivacaftor; VX-661 = Tezacaftor.

FRT cells were pre-treated with TEZ, IVA, or TEZ/IVA combination in various concentrations for 18-24
hours prior to ISCC measurement. In 20 out of 22 experiments, baseline ISSC was recorded, then 0.1 and 10
μM forskolin were sequentially applied to activate mutant CFTR channels, and finally a triple inhibitor
cocktail comprised of PPQ-102, GlyH-101 CFTR Inhibitor II, and CFTR inhibitor 172 at 20 M each was
added to demonstrate that the forskolin-activated ISCC was mediated by CFTR channels.
Figure 15A illustrates the time course plot of ISCC measured in well C12 from experiment S549R_11549
that examined TEZ plus IVA’s effect on mutant CFTR S549 channels. In this well, cells were preincubated with 0.33 M IVA and 10 M TEZ. ISCC increased in response to forskolin application, and
that the forskolin-activated current was eliminated by the triple inhibitor cocktail. Figure 15B illustrates
the time course plot of wells C1-C12 from the same experiment. All 12 wells were exposed to the same
concentration of IVA (0.33 M) and 6 concentrations of TEZ ranging from 0 to 10 M. Thus, there are
two replicates of each treatment condition in these 12 wells. To highlight drug response variability in this
assay system, the ISCC traces are color-coded based on TEZ concentration, with lightest gray traces
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corresponding to 0 M TEZ and black traces corresponding to 10 M TEZ. Note that even on the same
96-well plate, the 10 M forskolin-activated ISSC current for the same treatment conditions varied.

Figure 15. A – example chloride current trace from a single well, B – data from 12 wells showing dose
response and consistency of response.

Selection of baseline to quantify CFTR channel activity
To quantify mutant CFTR function following TEZ, IVA, or TEZ/IVA treatment, the sponsor used the
amplitude of the 10 M forskolin-stimulated ISCC, quantified as the difference in the peak ISCC
following 10 M forskolin application and the trough ISCC following triple inhibitor cocktail application
(Figure 16). The DARS electrophysiologist is concerned with this quantification method, because
examination of time course plots of ISCC recorded from 2112 wells in 22 experiments submitted by the
sponsor showed that the addition of triple inhibitor cocktail always reduced the current to below the
baseline value (prior to forskolin application). This is evident in the example recordings shown in Figure
15, replicated as Figure 16A with a dashed line added to mark baseline ISCC level and a red line denoting
the difference between baseline ISCC and the ISCC in the presence of triple inhibitor cocktail. Figure 16B
shows time course plots of ISCC recorded from 12 different wells, D1-D12 in experiment P67L_105448,
that received 0.11 μM IVA and 0-10 μM TEZ treatment. Because 10 μM forskolin-activated ISCC in
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P67L mutant CFTR channels was large, the baseline region boxed with dashed lines was expanded in the
inset to show that triple inhibitor cocktail reduced ISCC to below baseline pre-forskolin value irrespective
of the magnitude of the response.

Figure 16. A – difference in baselines before treatment and after inhibitor for S549R, B – baseline differences
for P67L.

The triple inhibitor cocktail also suppressed baseline ISCC in FRT cells that exhibited no increase in
ISCC toward forskolin application or FRT cells not expressing CFTR proteins (Figure 17). Figure 17A
shows time course plots from 12 wells (H1 to H12 in experiment S549R_113133) that received 0 μM
IVA and 0-10 μM TEZ. Figure 17B shows time course plots of 3 wells that contained FRT cells not
expressing CFTR proteins. Together, these results raise a possibility that the triple inhibitor cocktail may
have non-specific effect on channels endogenous to FRT cells. Additionally, Figure 17 shows that ISCC
decreased every time a compound was applied to the sample/media aspirated, raising another possibility
the decrease in ISCC to below baseline pre-forskolin value is an artifact of solution exchange.

63
Reference ID: 4216031

Figure 17. A – Changes in baseline in response to forskolin and inhibitor addition in unresponsive
experiment. B – changes in baseline in FRT cells not expressing any CFTR protein.

For these reasons, DARS felt that the more conservative approach to quantify TEZ/IVA’s effects on
mutant CFTR that would not lead to an overestimation of treatment effect using this in vitro assay is to
calculate the difference between the 10 M forskolin-activated ISCC and the pre-forskolin baseline ISCC.
Figure 18 summarizes the difference in the quantification method between DARS and Vertex, using data
from well A12 that received 3 M IVA and 10 M TEZ pretreatment from experiment A455E_10345.
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Figure 18. Comparison of baselines from pretreatment and post-inhibitor regions for A455E.

Full evaluation of chloride channel data
Figure 19 shows the effect of TEZ and IVA on the 6 mutant CFTRs evaluated using DARS’ more
conservative approach of quantifying drug effects on CFTR function. The results are qualitatively similar
to Vertex’s findings, indicating robustness of drugs on increasing ISCC, and clearly show TEZ’s effects for
5 of the 6 mutant CFTRs. For mutant A455E, P67L, F1074L, D1270N, and S549R CFTRs, pretreatment
of TEZ increased ISCC in a concentration-dependent manner to beyond that achieved by IVA alone, as
evidenced by an upward shift of the concentration-response curve. Mutant R347H CFTR responded to
IVA treatment. However, it did not respond to TEZ treatment. Based on these FRT/Ussing chamber
results, one would hypothesis that patients carrying one or more copies of A455E, P67L, F1074L,
D1270N, and S549R CFTRs would benefit from combined treatment of TEZ and IVA. These in vitro
results were then used to compare with clinical outcomes for 23 out of 34 mutations in this NDA.
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Figure 19. Dose response plots as analyzed using the pretreatment phase as the baseline.

Footnote 1: In the previous NDA 203188 (IVA only; Vertex Study Report G205), high concentrations of
forskolin were always present in the perfusing media, and mutant CFTR-mediated ISCC was induced by
acute application of various concentrations of IVA. Inhibitor 172 was used in very few cases to suppress
CFTR activity (sponsor did not use a triple inhibitor cocktail then). To quantify drug effects on mutant
CFTR activity, Vertex subtracted baseline (in the presence of forskolin) ISCC from peak ISCC following
acute IVA application. In the current NDA 201491 (TEZ/IVA), TEZ and/or IVA was chronically applied
for 18-24 hrs. prior to ISCC recording, and 10 M forskolin was used to activate CFTR current. A triple
inhibitor cocktail (instead of a single inhibitor as before) was used to eliminate forskolin-activated ISCC.
Peak ISCC was calculated by subtracting ISCC in the presence of triple inhibitor from that activated by 10
M forskolin.
Footnote 2: In 2 of the 6 experiments submitted for mutant CFTR D1270N, labelled D1270N-104119_6
and D1270N-104119_5, only 10 M forskolin was used to activate CFTR channels.

In conclusion, we find that the FRT chloride current studies were conducted as indicated by the sponsor.
Independent analysis of data from six mutants resulted in essentially identical results when analyzed by
the sponsors method. We recommend the more conservative use of the pretreatment period as the baseline
as opposed to the post-inhibitors period used by the sponsor to avoid overestimating treatment effects or
inaccurate assignment of efficacy for those mutant CFTRs with small short circuit currents to start with.

Chloride current changes in FRT cells
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The sponsor’s data for Ussing chamber studies showed that ivacaftor and tezacaftor increased chloride
current in FRT cells expressing the 31 mutations. In combination, the two drugs increased chloride
current at least additively and well above additively in some cases. The complete data table is shown in
Appendix 4.4.3.
CFTR protein changes compared to clinical responses
All the mutations studied here excluding F508del have previously been approved as responsive to
ivacaftor alone. Clinical response here is defined as a plausible change in FEV1 for the
tezacaftor/ivacaftor combination above the change provided by ivacaftor alone. The FEV1 data were
obtained from result from studies VX14-661-106, -107, -108 and -109. Note that for study VX14-661-109
only topline results of the trial were submitted and the study data were not formally reviewed. See
Appendix 4.4.4 for FEV1 data by mutation.
Changes in the mature to total ratio do not appear to be well correlated with clinical responses as
measured by FEV1. For example, P67L with a good additional clinical response went from 0.25 to 0.86.
In contrast, L206W with no additional clinical response went from 0.24 to 0.88. For the population with
both FEV1 and ratio data there is no significant correlation (r2=5.7 x 10-5, ns). The same lack of
correlation was seen with the amount of mature CFTR protein. P67L (good) went from 35% to 597% and
L206W (none) went from 12% to 307%. Similarly, for the population with both FEV1 and relative amount
data there was also no correlation (r2=0.07, ns). In conclusion, the changes seen in the FRT assays for
CFTR maturity and total expression show positive responses for most mutations. However, these in vitro
changes do not appear to correlate with clinical benefit above ivacaftor alone as measured by FEV1
values.
Chloride current changes compared to clinical responses
To understand the relationship between FRT Cl- current and FEV1 the data were subdivided in several
ways. First, the effect of ivacaftor alone was plotted for both parameters. The results in Figure 20 show
that ivacaftor alone increases FEV1 in a highly variable fashion. In addition, there is little correlation
between the change in FEV1 and the amount of ivacaftor specific Cl- current in the FRT system.
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Figure 20. Relationship between clinical FEV1 changes and FRT chloride current in response to treatment
with ivacaftor alone. Square, data from clinical study VX14-661-108, triangle, data from the populations
studied in clinical study VX14-661-109 with FEV1 data from the ivacaftor only NDA, inverted triangle, data
from clinical study VX14-661-106.

Next we examined the results examining the effects of the combination of tezacaftor/ivacaftor in the same
type of plot. The data displayed in Figure 21 below show a similar pattern as the ivacaftor alone data.
There is a response in FEV1 of a similar magnitude to the response seen with ivacaftor alone. In addition,
there is no relationship between the size of the FEV1 response and the size of the FRT chloride current
response.
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FEV1
Figure 21. Relationship between clinical FEV1 changes and FRT chloride current in response to treatment
with tezacaftor/ivacaftor combination. Square, data from clinical study VX14-661-108, inverted triangle, data
from clinical study VX14-661-106.

Next we studied the effect attributable to tezacaftor alone. The chloride current changes attributable to
tezacaftor treatment were calculated by subtracting the ivacaftor only current from the tezacaftor/ivacaftor
combination current. These results were plotted against the FEV1 data from studies VX14-661-108 and
VX14-661-109 combined. As results by mutation are not yet available, the FEV1 value for the 10
mutations in study VX14-661-109 were all set to 0.3, the population average reported in the topline
results. The results are shown in Figure 22 below. As noted in the figure, the r2 value between FEV1 and
FRT tezacaftor Cl current is 0.006 (ns). From this analysis, we may reasonably conclude that the FRT Cl
current data does not predict the ability of tezacaftor/ivacaftor to improve FEV1 values above the
response to ivacaftor alone.
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Tez:Iva - Iva only
10

S108
S109

FEV1

5

F508del
0
-5
r2 = 0.006

-10
0

50

100

150

200

250

FRT Cl- Current ( A/cm2)
Figure 22. Relationship between FEV1 and FRT chloride current. Shades of green – plausible increase in
FEV1. Black or red – no increase in FEV1. Square, data from clinical study VX14-661-108, circle, data from
clinical study VX14-661-109, inverted triangle, data from clinical study VX14-661-106. Values for both FEV1
and FRT Cl- current are the combination effect minus the ivacaftor only effect.

As an alternate view of the data we plotted the FEV1 results for ivacaftor alone versus the results for the
tezacaftor/ivacaftor combination. For any mutations where the results are due to ivacaftor alone, the
values should fall along the diagonal. For any mutations where tezacaftor is having an effect above
ivacaftor, the data points should be clearly above the diagonal line. The results were shown in Figure 23.
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Figure 23. Relationship between FEV1 for ivacaftor alone versus tezacaftor/ivacaftor. Shades of green –
plausible increase in FEV1. Black or red – no increase in FEV1. Square, data from clinical study VX14-661108, inverted triangle, data from clinical study VX14-661-106.

In NDA 203188 for ivacaftor, CFTR mutations with baseline currents of less than 16 µA/Cm2 in the FRT
system were considered to be unresponsive. In study VX14-661-107, 51 patients with seven mutations
with previously measured chloride channel activity were included among the larger study population of
168 patients (Table 30). Study VX14-661-107 was terminated early for a lack of clinical response thus
providing some confirmation that a minimal amount of baseline chloride current appears to be needed to
respond to these drugs.
Table 30. - CFTR mutations in study VX14-661-107 with FRT Cl- channel data from NDA 203188

1

#
1
2
3
4
5
6
7

Mutant
G85E
N1303K
V520F
W1282X
R1066C
L1077P
L1065P

# pts1
2
12
1
30
3
2
1

µA/Cm2 at baseline2
1.6
1.4
0.4
0.0
0.0
0.0
0.0

µA/Cm2 w/Ivacaftor2
1.5
1.4
1.0
0.9
0.0
0.0
0.0

From study VX14-661-107. 2From report G205v4 in NDA 203188.
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µA/Cm2 Iva – BL
- 0.1
0.0
0.6
0.9
0.0
0.0
0.0

To further evaluate the relationship between the in vitro FRT chloride current changes and the clinical
changes as measured by FEV1, we combined data from studies VX14-661-106 – VX14-661-109 in the
current NDA for FEV1 along with chloride current data from this NDA and from NDA 203188 for
ivacaftor. These were combined in a 2 x 2 contingency evaluation (Table 31). This analysis shows that the
presence of a response in the FRT system appears to be needed for clinical response as the sensitivity is
1.0. However, the specificity of the FRT response is poor at 0.30. Further the positive predictive value is
0.24 reinforcing the weakness of the FRT assay system as a predictor of clinical benefit.
Table 31. - 2 x 2 Contingency Table analysis for Tezacaftor

Isolated Tezacaftor Effect1
Yes

No

FRT

Yes

5

16

Cl- current

No

0

7

Sensitivity

1.00

Specificity

0.30

PPV

0.24

NPV

1.00

1

Combined clinical data from studies VX14-661-106 – VX14-661-109. Clinical tezacaftor effect is
defined here as a plausible improvement in FEV1 above the effect of ivacaftor alone.

In contrast, the same analysis for treatment with ivacaftor only provides a better predictive value (Table
32). This analysis covers the exact same set of mutations as in Table 31.
Table 32. - 2 x 2 Contingency Table analysis for Ivacaftor alone

FRT
Cl- current

1

Yes
No
Sensitivity
Specificity
PPV
NPV

Ivacaftor Effect1
Yes
20
0
1.00
1.00
1.00
1.00

No
0
8

FEV1 value greater than 2.0. Clinical data from VX14-661-107 & -108 and from NDA 203188. FRT data
from M078, N092 and from NDA 203188.
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Summary and Conclusions
We examined the data collected for the WB analysis and for the chloride current data in the FRT in vitro
system. The WB data were collected using a reasonable design and analysis method. Detailed reanalysis
from five mutants resulted in nearly identical results. Independent analysis of the chloride data for six
mutants confirms the qualitative results. We prefer the more conservative use of the pretreatment period
as the baseline as opposed to the post-inhibitors period used by the sponsor. However, the in vitro
response is sufficiently robust for these mutants that the choice does not materially affect the outcome.
Overall, the FRT system experiments were designed and executed in a reasonable way and the results
useful.
The second level of evaluation is the degree to which the FRT data may be used as an accurate predictor
of clinical benefit. The data evaluated for this report clearly demonstrate that the FRT in vitro assay
system does not adequately predict tezacaftor specific clinical benefit as measured by FEV1. Stated
another way, chloride current activity in the FRT system appears to be a prerequisite for but not a
predictor of clinical activity for tezacaftor as reported by FEV1 values.
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Appendix 4.4.1: Effect of Tezacaftor or Ivacaftor + Tezacaftor on the ratio of mature to total CFTR
protein in FRT cells

Mature / Total CFTR Protein Ratio
CFTR Baseline
Avg
Form
Normal
0.92
E56K
0.30
P67L
0.25
R74W
0.66
D110H
0.87
D110E
0.87
R117C
0.86
R117H
0.89
G178R
0.90
E193K
0.82
L206W
0.24
R352Q
0.93
A455E
0.18
F508del
0.12
S549N
0.91
0.74
S549R
G551S
0.88
G551D
0.93
D579G
0.63
S945L
0.65
S977F
0.91
F1052V
0.86
K1060T
0.85
A1067T
0.71
R1070W
0.49
F1074L
0.46
D1152H
0.91
G1244E
0.91
S1251N
0.92
S1255P
0.86
D1270N
0.85
G1349D
0.88

SEM
0.02
0.02
0.02
0.03
0.02
0.02
0.02
0.02
0.00
0.01
0.01
0.00
0.01
0.01
0.02
0.01

10 µM TEZ
Avg
SEM
0.01
0.96
0.01
0.86
0.01
0.85
0.01
0.91
0.01
0.95
0.01
0.93
0.01
0.93
0.01
0.93
0.00
0.94
0.00
0.92
0.01
0.89
0.01
0.95
0.01
0.31
0.01
0.25
0.01
0.94
0.01
0.87

TEZ
Effect

Iva w/TEZ
Effect

TEZ/Bl
1.04
2.87
3.40
1.38
1.09
1.07
1.08
1.04
1.04
1.12
3.71
1.02
1.72
2.08
1.03
1.18

T&I / T
1.00
0.99
1.01
1.00
1.00
1.01
1.01
1.01
0.99
1.01
0.99
0.99
0.94
0.72
1.00
0.98

0.00

1.03
1.29
1.32
1.04
1.08
1.07
1.27
1.65
1.85
1.04
1.04
1.03

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.02
0.94
1.00
1.01
1.00

0.00

1.08

1.00

3 µM IVA
10 µM TEZ
BL
Avg
SEM <.8
0.01
0.96
0.01
0.85
L
0.01
0.86
L
0.02
0.91
L
0.01
0.95
0.01
0.94
0.01
0.94
0.01
0.94
0.01
0.93
0.00
0.93
0.01
0.88
L
0.00
0.94
0.02
0.29
L
0.00
0.18
L
0.01
0.94
0.30
0.85
L

0.05
0.00
0.30
0.05
0.01
0.02
0.02
0.00
0.30
0.00
0.01
0.02
0.01

0.96
0.81
0.86
0.95
0.93
0.91
0.90
0.81
0.85
0.95
0.95
0.95

0.01

0.96
0.81
0.86
0.95
0.93
0.91
0.90
0.83
0.80
0.95
0.96
0.95

0.01

0.92

0.00
0.02
0.02
0.00
0.01
0.01
0.01
0.01
0.02
0.00
0.01

0.00
0.02
0.03

L
L

0.00
0.01
0.01
0.01
0.01
0.04
0.00
0.01

L
L
L

0.07
0.01

0.92

0.03

Has clinical data on 5+ patients
raw data obtained for detailed analysis
> 1.10
From M078
From N092
F508 only modest clinical effect
From Iva Appendix 1 No WB data
Good Tez clincal effect
Failed in study 109
Minimal Tez clinical effect
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< 0.90

Appendix 4.4.2: Effect of Tezacaftor or Ivacaftor + Tezacaftor on the amount of CFTR protein relative to
normal CFTR protein in FRT cells
Amount Mature CFTR Protein - % of Normal

CFTR Baseline
Avg
Form
Normal
100.0
E56K
23.9
P67L
34.9
R74W
58.6
D110H
112.8
D110E
69.3
R117C
117.8
R117H
263.7
G178R
244.7
E193K
90.6
12.4
L206W
R352Q
357.0
A455E
33.0
F508del
5.8
363.8
S549N
S549R
70.9
G551S
265
G551D
282.6
69.5
D579G
S945L
67.9
S977F
92.3
F1052V
267.0
K1060T
147.0
A1067T
42.6
R1070W
40.3
F1074L
19.7
D1152H
385.2
G1244E
190.6
S1251N
483.2
S1255P
99
D1270N
40.3
G1349D
95

SEM
63
23
3.6
45
57
38
12 9
38 8
32 8
19 4
1.1
48 6
2.9
0.4
45.3
76

3 µM IVA
10 µM TEZ
10 µM TEZ
Avg
Avg
SEM
SEM
10 2
38 3
178.9
202.8
34
6
36 5
374.2
397.1
47.3
52.2
581.6
596.8
87
99
260.6
296.9
30
4
37
2
257.8
284.4
9
7
13
3
144.9
166.6
21
6
24
3
260.0
289.2
57
0
35
9
495.8
488.1
100
9
31
3
412.8
335.8
40
8
48
0
226.7
256.3
30.8
31.3
286.6
306.9
77 8
37 8
465.8
414.6
6.1
20.4
62.4
79.2
0.7
0.5
11.9
8.4
95.4
90.3
499.3
591.4
32 3
26 3
152.8
119.5

Fold Increase
TEZ
Iva w/TEZ
Effect
Effect
TEZ/Bl
1.79
15.66
16.66
4.45
2.29
2.09
2.21
1.88
1.69
2.50
23.11
1.30
1.89
2.05
1.37
2.16

T&I / T
1.13
1.06
1.03
1.14
1.10
1.15
1.11
0.98
0.81
1.13
1.07
0.89
1.27
0.71
1.18
0.78

66 8

1.63
2.40
3.39
1.80
1.86
2.04
3.34
3.72
4.97
1.39
1.71
1.53

1.14
1.08
1.10
1.08
1.10
1.11
1.13
1.29
1.23
1.08
1.11
1.03

42

1.92

1.17

46
64
2.6
12.7
16 0
76
29 4
50
08
08
56.1
29 7
58 8

459.4
167.0
230.3
165.7
497.3
300.0
142.3
150.0
98.0
535.8
325.1
737.5

47 3

522.0
181.1
253.3
179.0
548.8
332.2
160.9
193.3
120.6
578.0
361.4
763.1

51

90.1

40 5
10.4
37.9
29 6
22 8
42 5
15 5
47
45
100.2
53 2

74 9
7.7
37.9
33 5
22 1
48 1
18 0
22
62
78.5
87 9

8
47

77.2

4

Has clinical data on 5+ patients
> 2.00
raw data obtained for detailed analysis
From M078
From N092
F508 only modest clinical effect
From Yu et al 2012, Fig 1D
Good Tez clincal effect
Failed in study 109 No WB data Minimal Tez clinical effect
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>1.10
< 0.90

Appendix 4.4.3: Effect of Ivacaftor or Tezacaftor or Ivacaftor + Tezacaftor on the amount of Chloride
current in FRT cells
Values are Average ± SEM

Concentrations are at ECmax for each drug or combination
Cl current
Chloride Transport
% > Bl
Combo %
(µA/cm2)
%Change from Baseline
Additivity Additive

CFTR
Form
Normal
E56K
P67L
R74W
D110H
D110E

BL
97±20
30±3
14±2
72±10
18±2
10±1

IVA
130±20
41±3
36±3
109±24
52±8
21±4

TEZ
152±28
191±58
121±11
162±24
47±10
17±3

TEZ/IVA
186±27
247±56
258±3
239±28
113±16
45±6

IVA
35
11
23
38
35
11

TEZ
57
166
110
93
30
7

TEZ/IVA
92
224
252
172
98
36

R117C

5±1

14±1

11±2

28±5

9

6

24

R117H
G178R
E193K
L206W
R352Q
A455E
F508del
S549N
S549R
G551S
G551D
D579G
S945L
S977F
F1052V
K1060T
A1067T
R1070W
F1074L
D1152H
G1244E
S1251N
S1255P
D1270N
G1349D

51±4
7±1
20±3
15±1
28±3
14±1
4±0
6±0
2±0
2±0
2±0
13±1
14±3
28±4
292±25
105±7
46±2
8±1
15±3
131±15
12±1
28±1
6±0
112±11
5±0

115±6
71±5
178±23
24±1
106±12
20±1
5±0
201±7
13±1
12±0
33±4
90±6
45±16
98±9
385±23
204±12
77±2
37±5
26±2
367±19
146±8
404±16
115±16
160±17
94±5

98±19
18±1
58±6
142±14
51±9
31±3
8±1
12±1
3±0
3±0
3±0
36±5
46±13
54±9
420±35
201±17
90±19
33±6
70±5
235±24
23±1
66±4
12±2
213±27
9±0

214±7
144±12
322±15
177±17
147±6
40±1
10±1
295±33
36±4
29±2
63±7
160±20
141±26
138±11
509±35
329±14
157±2
113±10
80±13
452±38
192±13
497±19
211±27
255±28
188±10

66
66
163
9
80
6
1
201
11
10
32
79
32
72
96
102
32
30
11
243
138
388
112
49
92

48
11
39
131
24
18
4
6
1
1
1
24
33
27
132
99
45
26
57
107
11
39
6
104
4

168
141
311
167
123
27
6
298
35
28
63
152
131
113
223
231
114
108
67
331
186
484
211
147
189

Has clinical data on 5+ patients
raw data obtained for detailed analysis
F508 only modest clinical effect
Good Tez clincal effect
Minimal Tez clinical effect

From N092
From M078

9
54
64
109
27
19
3
1

160%
147%
183%
154%
119%
118%
113%
120%

91
23
17
30
49
66
14
-5
30
37
52
-1
-19
37
57
93
-6
93

144%
292%
255%
191%
148%
202%
114%
98%
115%
148%
193%
99%
95%
125%
113%
179%
96%
197%

<0

<100 %

NWB: WB data missing

Failed in study 109
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T/I - (I +T) (TI)/(I+T)
0
100%
47
127%
119
189%
41
131%
33
151%
18
200%

Appendix 4.4.4. Effect of ivacaftor alone or tezacaftor/ivacaftor on FEV1
FEV1 by mutation
From: Study 108, Table 14 2 1 11
IVA only data imported from IVA only NDA studies
All pts are F508del heterozygotes with the listed 2nd mutation
IVA only
delta vs placebo
IVA only
low
high
# pts mean SD
95 % C I
95 % C I
Normal
E56K
P67L
R74W
D110H
D110E
R117C
R117H
G178R
E193K
L206W
R352Q
A455E
F508del
S549N
S549R
G551S
G551D
D579G
S945L
S977F
F1052V
K1060T
A1067T
R1070W
F1074L
D1152H
G1244E
S1251N
S1255P
D1270N
G1349D

12

1

43

8

35

-7 7

83

15 6

IVA/TEZ
# pts

mean

11

94

1

-1

1

29

2
2
14

42
44
37

2
9
1

13 3
88
43

1

29

15

24

2
1
8

1
8

4

-3 6
-3 4
08

12 8
13 1
75

4
2
11
248

10 4

(b) (4)

I:T - I

6

13 7

51

-8 3

15

-0 6

97
All IVA
156

3
49
85
3.4 (2.5-4.2)

75
32
43

-2 5
-3
54

93
13 5
12 5

IVA Only
FEV1
# pts
mean

{111} {1.5
6
4
1
161

22
13 2
16 3

2
7
2

81
96
10 1

11 7
77
65

02
55
22

16 9
14 6
18 8

-5 2
08
58

-8 3

15

2

61

58

-1 8

14 7

32

-0 2

59

21

38

39

16

68

14

50
64
12

total:

5 or more pts/group
Failed in study 109
Possible clinical effect
Good Tez clincal effect
Minimal Tez clinical effect

Study 106
IVA/TEZ
# pts
25
23
43
2
0
2
95
All IVA/TEZ
159

mean
86
57
58
43

SD
56
69
63
34

I/T - I
35
22
07
-4 9

-0 5

31

-3
total:

Grand Total Treated Pts:

77

123

192
315
315

26
84

SD

{-1 1,5 3}
79

-1 2
05
48

55
51
-7

50
59
10

Other mutations
IVA only
# pts mean SD
2789 + 5G->A 28
51
6
3272-26A->G 23
35
7
3849+10kbC->T 40
51
6
711+3A->G
2
92
1
E831X
1
71
R347H
3
25
4

Reference ID: 4216031

IVA/TEZ
delta vs placebo
low
high
SD
95 % C I
95 % C I

34
5

# pts
total # pts
# mutation

# pts

12

Placebo Values: n=160, mean = -0 4, SD = 5 9

10

(-0.6,4.1)}
11 3
52
37
81

98
74
-

5
8
2

84
87
31

87
13
65

2

19 7

23 6

67 = not 551D, not F508del
228 = All

4.5 Individual studies
Note – In this review, early development names VX661 is also used to refer to tezacaftor. All
clinical pharmacology studies listed in Table 6 were reviewed in this section.

IN VITRO STUDIES
The brief summary of in vitro studies was listed in Table 33.
Table 33. Tezacaftor (VX-661) and Its Major Metabolites In Vitro Studies Using Human Biomaterials
ADME
Absorption

Distribution

Metabolism

Conclusions
TEZ, M1-TEZ and M2-TEZ exhibited high permeability in the Caco-2 cell bidirectional assay. The apparent permeability of TEZ was determined to be high
(4.7 ± 0.9 x 10-6 cm/sec) at 10 μM. The efflux ratio was 3.2 in the assay,
suggesting TEZ may be a substrate for efflux transporters. Similar to TEZ, its
metabolite M1-TEZ exhibited high permeability (10.7 ± 0.4 x 10-6 cm/sec) in
Caco2-cells, with an efflux ratio of 0.8.
TEZ and M1-TEZ exhibited high permeability in the colorectal adenocarcinoma
(Caco-2) cell system. The apparent permeability coefficients (Papp) of TEZ were
3.38 ± 0.25 × 10-6 cm/sec at 2.5 μM and were 4.17 ± 0.51 × 10-6 cm/sec at 10
μM. These high Papp values suggest TEZ and M1-TEZ have a high in vivo
intestinal absorption potential.
TEZ is a P-glycoprotein (P-gp) substrate
M1-TEZ is a P-glycoprotein (P-gp) substrate
M2-TEZ had low apparent permeability
M5-TEZ had low apparent permeability
blood-to-plasma ratios in rat, dog, monkey and human were less than 1, and were
similar at 1 μM and 10 μM concentrations of TEZ, M1-TEZ and M2-TEZ,
suggesting TEZ, M1-TEZ and M2-TEZ do not preferentially distribute into red
blood cells.
Protein binding of TEZ is high (>99%) in human plasma. No concentration
dependence of protein binding was observed. M1-TEZ, M2-TEZ, and M5-TEZ
were also highly bound to human plasma proteins (>99%). In vitro, human serum
albumin (HSA) is the major human plasma protein for TEZ, M1-TEZ, M2-TEZ,
and M5-TEZ binding, whereas α1-acid glycoprotein (AAG) appears to play a
minimal role
In order to calculate the free concentration in the HBE assay, protein binding of
TEZ and M1-TEZ in HBE medium and HBE medium with additional 20% human
serum was evaluated by equilibrium dialysis. The overall average % bound values
for TEZ and M1-TEZ were 78.1% and 83.3%, respectively, in HBE medium. The
overall average % bound values for tezecaftor and M1-TEZ were 94.7% and
97.1%, respectively, in HBE medium with additional 20% human serum.
When incubated with a panel of 8 recombinant CYPs (CYP1A2, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A4 and CYP3A5) in vitro, TEZ
was metabolized primarily by CYP3A4 and CYP3A5
When incubated with a panel of 8 recombinant CYPs (CYP1A2, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A4 and CYP3A5) in vitro, M1TEZ was metabolized primarily by CYP3A4 and CYP3A5. Aldehyde
dehydrogenase might be involved in converting M1-TEZ to M2-TEZ.
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Following incubation of hepatocytes from various species with TEZ at 1 μM up to
4 hr, metabolic turn-over of TEZ was observed.
M5-TEZ was relatively stable in vitro, in human hepatocytes
M5-TEZ was relatively stable in vitro, in human, dog and rat liver microsomes
M5-TEZ was relatively stable in vitro, in human liver S9
M5-TEZ was relatively stable in vitro, in human plasma
direct glucuronidation metabolite M3-TEZ
Metabolic profile of 14C-TEZ was investigated in plasma, urine and feces
samples from the mass balance study 005. See individual study report for study
005 for summary of results.
In human hepatocytes, TEZ did not induce CYP1A2 and CYP2B6. Induction of
CYP3A4 was observed at concentrations of 30 to 100 μM TEZ. Considering
unbound Cmax at therapeutic dose of approximately 0.11 μM, TEZ is not likely
to be a significant inducer in the clinic
In a human hepatocyte experiment evaluating the effect of pre-incubation with
TEZ on the clearance of IVA, no significant change in clearance was
observed.The amount of IVA remaining decreased only slightly in cultures treated
with TEZ as compared to cultures treated with solvent (0.5% DMSO). This
strongly suggests that TEZ does not affect the metabolism of IVA
In human hepatocytes, M1-TEZ showed CYP3A4 induction at 5 μM. Considering
unbound Cmax at therapeutic dose of <0.05 μM for M1-TEZ, the DDI potential
for these TEZ metabolites due to induction is predicted to be low
In human hepatocytes, M2-TEZ did not show induction of CYP3A4 after 2-day
incubation.
In human hepatocytes, there were no observed increases in CYP1A2 or CYP2B6
expression and activity in response to M5-TEZ. and M5-TEZ increased CYP3A4
mRNA at 25 μM. There was no associated increase in CYP3A4 activity.
Considering its unbound peak plasma concentration <0.05 μM at the therapeutic
dose, M5-TEZ is unlikely to cause drug-drug interactions due to induction of
either of these CYP enzymes.
TEZ did not inhibit any CYP significantly, with the IC50 values ≥25 μM for
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4
Metabolites M1-TEZ, M2-TEZ, and M5-TEZ did not potently inhibit CYPs in
human liver microsomal incubations in vitro (IC50 ≥12 μM for M1-TEZ, ≥75 μ
M for M2-TEZ, and M5-TEZ for CYP1A2, CYP2B6, CYP2C8, CYP2C9,
CYP2C19, CYP2D6, and CYP3A4
MDCK-MDR1 P-gp Substrate Inhibition. The IC50 values were 28.6 μM for
TEZ, >30 μM for M1-TEZ and >100 μM for M2-TEZ and M5-TEZ. At oral dose
of 100 mg QD of TEZ, the Cmax of TEZ at steady state is 12.5 μM, and
Cmax/IC50 >0.1, suggesting potential drug-drug interaction due to Pgp inhibition
in the clinic. Therefore, a clinical DDI study with digoxin was conducted for TEZ
in combination with IVA, and the result suggests minimal contribution of TEZ to
Pgp inhibition (Study 006)
The DDI potential for TEZ, M1-TEZ, M2-TEZ and M5-TEZ through inhibition
of BCRP, OAT1, OAT3 and OCT2 is predicted to be low.
TEZ, M1-TEZ, M2-TEZ and M5-TEZ inhibited atorvastatin uptake into
OATP1B1 overexpressed HEK-293 cells in a concentration-dependent manner
with IC50 values of 3.24 μM, 6.22 μM, 7.60 μM, and 11.4 μM, respectively.
TEZ, M1-TEZ, M2-TEZ and M5-TEZ inhibited atorvastatin uptake into
OATP1B3 overexpressed HEK-293 cells in a concentration-dependent manner
with IC50 values of 28.8 μM, 19.8 μM, 21.5 μM, and 12.9 μM, respectively. The
DDI potential for TEZ, M1-TEZ, M2-TEZ and M5-TEZ through inhibition of
uptake transporters OATP1B1 and OATP1B3 is predicted to be low, as calculated
R-values were less than 1.25 with exposure achieved at clinical dose of TEZ
100mg QD.
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TEZ is a substrate of BCRP. In MDCK II cells expressing human BCRP, at initial
concentrations 10 μM, TEZ had an efflux ratio of 4.62, indicating that TEZ could
be a substrate for BCRP. Upon addition of the reference inhibitor Ko143, the
efflux ratio dropped below 2.0, demonstrating that Ko143 inhibited efflux of TEZ
and confirming that it is a substrate of BCRP.
M2-TEZ did not appear to be a substrate of human BCRP
For OATP1B1 and 1B3 assessment, uptake of TEZ, M1-TEZ, M2-TEZ and M5TEZ into human embryonic kidney epithelial cells (HEK293) transfected with
individual uptake transporters (OATP1B1 or OATP1B3) was compared to that in
the vector control cell line..
M1-TEZ and M5-TEZ are not OATP1B1 substrate. TEZ is OATP1B1 substrate
with Km=11.70 μM and Vmax=56.04 pmol/min. M2-TEZ is substrate for
OATP1B1 with Km=3.65 μM and Vmax=5.98 pmol/min.
TEZ, M1-TEZ and M5-TEZ are not substrate of OATP1B3. M2-TEZ is
OATP1B3 substrate with Km=8.33 μM and Vmax=0.89 pmol/min.
(Source – reviewer summary)
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PHARMACOKINETICS
1. Mass Balance Study
Study # 005
Title: A Phase 1, Open-Label, Mass Balance Study to Investigate the Absorption, Metabolism, and
Excretion of 14C-VX-661 Following Single Oral Administration to Healthy Male Subjects
Study period: 10 March 2014- 30 April 2014
Objective:




To determine the routes and rate of elimination and recovery of total radioactivity (TRA)
after a single oral dose of 100 mg/100 μCi 14C-VX-661 in healthy male subjects
To characterize the pharmacokinetics (PK) of VX-661 and TRA after a single oral dose of
100 mg/100 μCi 14C-VX-661 in healthy male subjects
To profile and identify the major metabolites of VX-661 in the urine, plasma, and feces of
healthy male subjects following administration of a single oral dose of 100 mg/100 μCi 14CVX-661

Study design: This was a single-center, open-label, single-dose study in 6 healthy male subjects.
Test drug and sample size: Each subject received a single oral dose of 100 mg/100 μCi of 14C-VX661 as a solution.
Samples:
 Blood: sampling for PK and TRA samples: predose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 72,
96, 120, 144, and 168 hours postdose, and every 48 hours thereafter until the day of
discharge.
 blood sampling for metabolic profiling: predose, 1, 2, 4, 6, 8, 12, 24, 48, 72, 96, 120, 144,
and 168 hours postdose, and every 48 hours thereafter until the day of discharge.
 Urine sampling intervals: predose (up to 12 hours before dosing), 0 to 4, 4 to 8, 8 to 12, 12 to
24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, and 144 to 168 hours after study drug
administration. Urine was collected every 24 hours thereafter until the day of discharge.
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Feces sampling intervals: A predose feces sample was collected within 24 hours before
dosing from all subjects. Postdose feces samples were collected at 0 to 24, 24 to 48, 48 to 72,
72 to 96, 96 to 120, 120 to 144, and 144 to 168 hours after study drug administration and
every 24 hours thereafter until the day of discharge.

Results
The overall recovery of the administered dose was approximately 85.9%. The majority of the
administered radiolabeled dose was recovered over the 624-hour study; however, all subjects
continued to excrete low levels of radioactivity through discharge. Cumulative total, urine, and fecal
recovery of [14C] radioactivity following oral administration is shown in Figure 24.

Figure 24: Mean (±SD) Cumulative Percent of Radioactive Dose Recovered in Urine and Feces at
Specified Intervals After a Single 100-mg (100-μCi) Oral Dose of 14C-VX-661 to Healthy Male Subjects
(Source: Figure 11-1, CSR 005)

Absorption:
The median concentration-time profiles of VX-661 and its metabolites (M1-661 and M2-661) in
plasma are presented in Figure 25. Following a single oral dose of 100-mg (100-μCi) 14C-VX-661,
VX-661 plasma concentration rapidly reached Cmax with a median tmax value of 1.25 hours postdose, the median tmax was 12.00 hours for M1-661 and 72.00 hours for M2-661.
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Figure 25: Median Concentration-Time Profiles of Unchanged VX-661, M1-661, and M2-661 in Plasma
and Total Radioactivity (TRA) in Plasma and Blood at Semi-Log (Lower) Scales
(Source: Figure 11-2, CSR 005)

Distribution:
Mean volume of distribution (Vz/F) was 246 L. Mean blood-to-plasma concentration ratios of total
radioactivity ranged from 0.450 to 0.581 through 26 days postdose, indicating no appreciable
accumulation of radioactivity in blood cells.

Metabolism:
Mean AUC0-tlast and mean AUCinf values for total radioactivity in plasma were about 15- and 16-fold,
respectively, higher than those of unchanged VX-661 in plasma, indicating that the majority of
circulating total radioactivity was related to the metabolites of VX-661.
The primary biotransformation pathways of VX-661 in human are dehydrogenation (M1-661),
sequential oxidation of M1-661 (M2-661), phosphorylation of M1-661 (M5-661), and
glucuronidation (M3-661) (Figure 26). In plasma, TEZ and its major circulating metabolites M1-TEZ,
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M2-TEZ and M5-TEZ accounted for 7%, 15%, 31% and 33% of AUC values of the total
radioactivity, respectively. M3-TEZ accounted for 7% of the total radioactivity AUC. No other
circulating metabolites accounted for more than 5% of the AUC of total plasma radioactivity.

Figure 26: Proposed Biotransformation Pathways of 14C-VX-661 in Humans
(Source: Figure 11-3, CSR005)

Elimination:
A mean of 72.2% of the radioactive dose was recovered in feces and 13.7% was recovered in urine
through the last collection interval, resulting in a mean overall recovery of 85.9% (Figure 24).
Approximately 0.792% of the administrated dose was excreted in urine as unchanged VX-661,
showing that renal excretion is not the major pathway of VX-661 elimination in humans.
A mean of 33.8% of the total administered dose was excreted as the form of the parent drug in urine
and feces. The only major excreted metabolite was the oxidative metabolite M2-661, which
accounted for a mean of 35.5% of the total dose excreted in urine and feces.
The apparent elimination half-lives for unchanged VX-661, M1-661 and M2-661 were similar, with a
mean of 118 hours for VX-661, 109 hours for M1-661, and 119 hours for M2-661.
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The majority of radioactivity in feces was attributed to minor metabolites, namely debrominated
products (M2, M5, and M5b) and oxidative products (M3, M3b, M4, and M16). M6 was not
detectable in samples from this study.

Table 34: Total Percent of Radioactive Dose as 14C-VX-661 or Metabolites of 14C-VX-661 in Pooled
Urine at Specified Times After a Single Oral Administration of 14C-VX-661 to Healthy Male Human
Subjects

(Source: Table 11-5, CSR 005)

Reviewer’s comment:
TEZ is a BCRP substrate. In BDC male rats up to 96 hours postdose, Feces, bile, and urine
accounted for 37.9%, 35.6%, and 8.05% of the total radioactivity. Following oral administration of
TEZ to bile duct cannulated dogs, at least 50% of the administered radioactive dose was absorbed
and excreted in bile based on the percent of radioactivity.
In this mass balance study in human, feces sample were collected 0 - 624 h after oral dosing, and
comprised 72.2% of the administered dose. Less than 20% of the total radioactivity was detected
within 24 hours in feces, and may represent unabsorbed TEZ passing through GI tract. Most of the
radioactivity in feces was detected after 24 hour post dose, with at least half of the total dose excreted
as metabolites. This indicated that some drug related material was excreted via the bile and biliary
excretion is a major route of drug excretion.

Conclusion



The feces were the principal route of TEZ elimination in humans. Considering the animal
study, biliary excretion is a major route of elimination.
Less than 1% of the administrated dose was excreted in urine as unchanged VX-661, showing
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that renal excretion is not the major pathway of VX-661 elimination in humans.
There is no appreciable accumulation of radioactivity/drug in blood cells.
14
C-VX-661 was metabolized extensively in human. The primary biotransformation pathways
of VX-661 in human are dehydrogenation (M1-661), sequential oxidation of M1-661 (M2661), phosphorylation of M1-661 (M5-661), and glucuronidation (M3-661).

2. Single Rising Dose and Multiple Rising Dose
Trial # 001
Title: A Phase 1, Randomized, Double-Blinded, Single-Dose Escalation Study Followed by a
Bioequivalence/Bioavailability Study and a Multiple-Dose Escalation Study of VX-661 in Healthy
Subjects
Study period: 25 May 2010- 31 May 2011
Objective:
Part A
Primary: To evaluate the safety and tolerability of single oral ascending doses of VX-661
solution administered to healthy subjects
Secondary: To evaluate the pharmacokinetics (PK) of VX-661 and its metabolites following
administration of single oral ascending doses of VX-661 solution to healthy subjects
Part B
Primary: To evaluate the bioavailability of a tablet formulation of VX-661 relative to the
solution formulation of VX-661
Secondary: To assess the food effect on the PK of VX-661 following administration of a
single oral dose of VX-661 tablets to healthy male subjects
Part C
Primary: To evaluate safety and tolerability of multiple oral ascending doses of VX-661
tablets administered for 28 days to healthy male subjects
Secondary: To evaluate the PK of VX-661 and its metabolites following administration of
multiple oral ascending doses of VX-661 tablets to healthy male subjects
Study design: This was a 3-part, randomized study of VX-661.
 Part A was a single-dose, double-blinded dose escalation study in 33 healthy male and female
subjects. In the male cohorts, there were 6 subjects at each dose level (50, 100, 200, and 300
mg, 4 subjects on VX661 and 2 on placebo). All 9 female subjects were administered a single
dose of 100 mg VX-661. The study drug was administered under fasted condition.
 Part B was a randomized, open-label, 4-way crossover, 16-subject relative bioavailability
study. Subjects received a single oral dose of 100 mg VX-661 as a solution formulation in the
fasting condition (R), 100 mg VX-661 as a solution formulation in the fed condition (RF),
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100 mg VX-661 as tablets in the fasting condition (T), or 100 mg VX-661 as tablets in the fed
condition (TF). Subjects were randomized to 1 of the 4 sequences: Sequence 1 (R, TF, T,
RF), Sequence 2 (T, R, RF, TF), Sequence 3 (RF, T, TF, R), or Sequence 4 (TF, RF, R, T).
Part C was a double-blinded, multiple-dose escalation study in 36 healthy male subjects.
Dosing extended over a single 28-day period. Subjects were treated at 3 dose levels (50, 100,
or 200 mg), with 12 new subjects treated at each dose level (9 subjects on VX661 and 3 on
placebo).

Table 35: Study design

(Source – Table 1, CSR001)

Test product: 50, 100, 200, and 300 mg each administered in 40-g of solution formulation (batch
number of powder formulation used to make up solutions: 803500200129), 50-mg tablet (FPC-10068a) and 100-mg tablet (FPC-10-025a).
Sampling Schedule
PK Sampling Schedule Part A
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Plasma PK samples were to be drawn predose (0 hour) and 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8,
10, 12, 16, 24, 36, 48, 72, 96, 120, 144, 168, 192, 216, 240, 264, 288, 312, 336, 360, and
384 hours following the study drug administration and at the Follow-up Visit.
Urine samples were collected and pooled for PK analysis of VX-661 at predose (0 hour)
and between 0 to 4, 4 to 8, 8 to 12, 12 to 24, 24 to 48, and 48 to 72 hours following the
study drug administration.

PK Sampling Schedule Part B


Plasma PK samples were to be drawn predose (0 hour) and 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8,
10, 12, 16, 24, 36, 48, 72, 96, 120, 144, 192, 240, 288, 336, and 384 hours following each
study drug administration and at the Follow-up Visit.

PK Sampling Schedule Part C





On Study Days 1 and 14 blood samples for PK analysis of VX-661 were to be drawn
predose (0 hour) and 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 10, 12, 16, and 24 hours postdose.
The 24-hour postdose PK samples for Days 1 and 14 were to be taken before dosing on
Days 2 and 15, respectively.
On Study Days 3 to 13 and 16 to 27, a single blood sample for PK analysis of VX-661
was to be drawn before dosing.
Blood samples for PK analysis of VX-661 was to be drawn predose (0 hour) and 0.25,
0.5, 0.75, 1, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48, 72, 96, 120, 144, 192, 240, 288, 336, and
384 hours postdose on Study Day 28. A single blood sample was also to be drawn at the
Follow-up Visit.

Results:
Part A (SAD)
The mean plasma concentration-time profile is shown in Figure 27. The summary of PK parameters
for each dose group is provided in (Table 36). Following oral administration, VX-661 was readily
absorbed with a median Tmax of ~ 1 hour in the fasted state (50 mg to 300 mg). VX-661 appears to
follow multiple-exponential disposition kinetics in healthy male volunteers (Figure 27). VX-661
exhibited long apparent terminal half-life with a median of 74 to 89 hours over a range of 100 to 300mg single doses (Table 36). However, the large majority of VX-661 was eliminated within the first 48
hours postdose. Cmax and AUCinf of VX-661 exhibited approximately dose proportional increase
when administered as single doses of 50 to 300 mg (Figure 28). Minimal amounts of VX-661 (<1%
of total dose) were excreted in the urine after single doses of 50 to 300 mg.
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Figure 27: Mean VX-661 Plasma Concentration-Time Profiles Following Single Dose Administration of
VX-661 for Male Subjects
(Source – Figure 11-1, CSR001)
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Table 36: Summary of the Pharmacokinetic Parameters for Tezacaftor Following Single Oral Doses

(Source – Table 2, summary of clin pharm)

Figure 28: Individual Plasma VX-661AUCinf Following Single Dose Administration of VX-661 for Male
Subjects
(Source – Figure 11-3, CSR001)
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Although this study was not designed to investigate gender effect, an assessment of potential
differences in PK between males and females was conducted for VX-661. A total of 4 males and 6
females were dosed with the 100-mg single dose. Mean plasma concentration-time profiles by gender
are shown in Figure 29 for VX-661. The PK parameters (AUC0-∞, Cmax, tmax, t1/2λz) were similar
for male and female subjects administered a single dose of 100 mg VX-661.

Figure 29: Mean VX-661 Plasma Concentration Time Profiles by Gender Following Single Dose
Administration of VX-661
(Source – Figure 11-4, CSR001)

Part B (Relative bioavailability, food effect)
The statistical comparisons of Cmax and AUC0-∞ values between fasted and fed states for both tablet
and solution formulations are provided in Table 37. In the fed state (a high-fat meal), the AUC0-∞ of
both solution and tablet formulations were comparable relative to those of the fasted state (Table 38).
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Table 37: Statistical Comparison of Fasted Versus Fed Conditions for Tablet and Solution Formulations

(Source – Table 11-7, CSR 001)

Table 38: Summary of VX-661 Pharmacokinetic Parameters for Solution (R and RF) and Tablet (T and
TF) Formulations in Both Fed and Fasted States

(Source – Table 11-5, CSR 001)

Part C (MAD)
Mean VX-661 plasma concentration-time profiles on Days 1 and 28 up to 24 hours for all dose levels
are shown in Figure 27 and Figure 30 and summary PK parameters are listed in Table 39. VX-661 PK
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after multiple doses was consistent with the single dose PK. The median Tmax was about 1-3 hr and
mean apparent terminal t1/2 ranged from 106 to 138 hours over the range of 50 to 200 mg qd for 28
days. VX-661 steady state was reached within 2 weeks following 50 to 200 mg QD dosing based on
trough concentrations (Figure 31) and AUCτ (Table 39). Mean accumulation ratio for all doses
ranged from 1.53 to 2.18 with the QD dosing regimen, which suggested that the effective half-life is
~24 hours, much shorter than the terminal half-life.
CL/F of VX661 did not change after multiple dosing compared to single dose administration. The
AUCτ at steady state was consistent with the observed single dose exposures (AUC0-24h /AUC0-∞).
With VX661 100 mg QD under fed state, the AUCτ at steady state is ~70μg*h/mL, comparable to
AUC0-∞ of 79 μg*h/mL after single dose of 100 mg VX-661 administered with food. The
pharmacokinetics of VX661 can therefore be considered time-independent. Cmax and AUCτ of VX661 exhibited approximately dose proportional increase when administered as once daily doses of 50
to 200 mg (Figure 32). Overall, VX661 exhibit linear PK.

Figure 30: Mean VX-661 Plasma Concentration-Time Profiles Following Multiple Dose Administration
of VX-661
(Source – Figure 11-5 and 11-6, CSR001)
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Figure 31: Mean VX-661 Trough Plasma Concentration-Time Profiles Following Multiple Dose
Administration of VX-661
(Source – Figure 11-7, CSR001)

Figure 32: Individual Plasma VX-661 AUC0-24h Following Multiple Dose Administration of VX-661
(Source – Figure 11-7, CSR001)
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Table 39: Summary of the Pharmacokinetic Parameters for TEZ Following Multiple Oral Doses

(Source – Table 2, summary of clin pharm)

Conclusions:
Tezacaftor has linear PK. Overall tezacaftor exposure was dose proportional up to 300 mg. Food
effect of tezacaftor is minimal. Tezacaftor has a long apparent terminal half-life of 74 to 89 hours
for single doses and 106 to 138 for multiple doses, and the effective half-life is approximately 24
hours based on accumulation ratio. Minimal amounts of VX-661 (<1% of total dose) were
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excreted in the urine after single doses of 50 to 300 mg. Bioavailability of VX-661 is similar for
tablet and solution formulations in both fasted and fed states.

3. Multiple Rising Dose
Trial # 010
Title: A Phase 1, Randomized, Placebo- and Active-controlled, Double-blind, Parallel,
Electrocardiogram Study to Evaluate the Effect of VX-661 on the QT/QTc Interval in Healthy
Subjects
Study period: 21 Jul 2015- 18 Mar 2016
Objective:


Part A and B: To evaluate the pharmacokinetics (PK) of VX-661 and its metabolites, M1-661
and M2-661, following multiple ascending doses of VX-661 in healthy subjects
 Part B: To evaluate the effects of therapeutic and supratherapeutic doses of VX-661
compared with placebo on the QTc interval in healthy subjects
QT data were not reviewed here. For QT results, please refer to QT-IRT review by Dr. Moh Jee NG
(DARRTS date 10/10/2017).
Study design: This was a 2-part study designed to assess the safety, tolerability, and PK of
therapeutic and supratherapeutic doses of VX-661.



Part A assessed VX-661 at 200 mg qd (Cohort 1) and 300 mg qd (Cohort 2) for 7 days to
allow selection of the supratherapeutic dose for the thorough QT portion of the study (Part
B).
Part B was a parallel design with nested crossover cohorts for moxifloxacin and placebo,
double-blind, randomized, placebo- and active-controlled, multiple-dose, single-center ECG
study investigating the effect of VX-661 on QT/QTc intervals in healthy male and female
subjects. Subjects were randomized in a 2:1:1 ratio to Cohorts A, B, and C. The cohorts and
their dosing regimens were:
o Cohort A: Placebo on Day -1; VX-661 at the therapeutic dose (100 mg qd) on Days 1
through 7; VX-661 at the supratherapeutic dose (300 mg qd) on Days 8 through 14;
placebo on Day 15.
o Cohort B: Placebo on Day -1; moxifloxacin on Day 1; placebo on Days 2 through 15.
o Cohort C: Placebo on Days -1 through 14; moxifloxacin on Day 15.

Test product: VX-661 doses were 200 mg qd and 300 mg qd in Part A, and 100 mg qd and 300 mg
qd in Part B. VX-661 was provided in 50-mg tablets.
Sampling Schedule
PK Sampling Schedule
For part A, plasma PK samples drawn before the study drug dose were collected after a fast of at
least 8 hours. Plasma PK samples were collected starting on Day 1 before the study drug dose (0.5 hour), and 2, 3, 4, 6, 12, and 24 hours after study drug dosing on Day 1 (through Day 2). On
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Day 7, plasma PK samples were collected before study drug dosing and 2, 3, 4, 6, 12, 24, 48, 72,
and 96 hours after study drug dosing on Day 7 (through Day 11). One blood sample was collected
at the Safety Follow-up Visit.
For part B, Plasma PK samples drawn before the study drug dose were collected after a fast of at
least 8 hours. Plasma PK samples were collected on Days 1, 7, 14, and 15 (NOTE: the 23.5-hour
time points are shown on the following days); matching samples were collected on Day -1. All
PK sampling times are relative to the nominal dose time of study drug(s) with a window of ± 15
minutes for the actual dose time. On Days 1, 7, 14, and 15, PK samples were collected before
study drug dosing (-0.5 [Days 1, 7, and 14 only]) and 0.5, 1, 2, 3, 4, 6, 9, 12, and 23.5 hours after
the study drug dose. Additional samples matching the predose to 23.5-hour time points (on Days
1, 7, 14, and 15) were collected on Day -1 (i.e., -24.5, -23.5, -23, -22, -21, -20, -18, -15, and -12
hours before the first study drug dose on Day 1).
Results:
Pharmacokinetic results
Part A
VX-661 was rapidly absorbed in healthy subjects following single and multiple doses of 200 and 300
mg qd with a tmax of approximately 2 to 3 hours (Figure 33). Exposure to VX-661, M1-661, and M2661 increased in an approximately dose proportional manner from 200 mg to 300 mg qd, with a mean
terminal half-life of VX661 between 80-90 hours.
Part B
VX-661 was rapidly absorbed following single and multiple therapeutic doses of 100 mg qd and
supratherapeutic doses of 300 mg qd in healthy subjects. VX-661, M1-661, and M2-661 exposure
increased in an approximately dose proportional manner when the VX-661 dose was increased from
100 mg qd to 300 mg qd. AUCτ increased by approximately 3.0-fold (78500 to 232000 ng•h/mL) and
Cmax increased by approximately 2.4-fold (7000 to 17100 ng/mL).
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Figure 33: Mean VX-661 Plasma Concentration Versus Time Profiles After VX-661 Administration on
Day 1 and Day 7 (Part A)
(Source – Figure 11-1, CSR010)

Table 40: Mean (SD) VX-661 Pharmacokinetic Parameters After VX-661 Administration on Day 1 and
Day 7 (Part A)

(Source – 11-1, Study 010 report)
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Table 41: Mean (SD) M1-661 Pharmacokinetic Parameters After VX-661 Administration on Day 1 and
Day 7 (Part A)

(Source – 11-2, Study 010 report)

Table 42: Mean (SD) VX-661, M1-661, and M2-661 Pharmacokinetic Parameters After Administration of
VX-661 in the Therapeutic and Supratherapeutic Dose Regimens in Cohort A (Part B)

(Source – 11-4, Study 010 report)
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Conclusions:
VX-661 was rapidly absorbed following single and multiple doses of 100, 200 and 300 mg qd in
healthy subjects. Exposure to VX-661, M1-661, and M2-661 increased in an approximately dose
proportional manner with VX-661 dose increases from 100 mg to 300 mg qd.
SPECIFIC POPULATION
4. Hepatic Impairment
Trial # 009
Title: A Phase 1, Open-Label Study to Assess the Pharmacokinetics and Safety of Multiple Doses of
VX-661 in Combination With Ivacaftor in Subjects With Moderate Hepatic Impairment and in
Matched Healthy Subjects
Study period: 29 Sep 2015- 25 Jan 2016
Objective:





To evaluate the pharmacokinetics (PK) of VX-661 and its metabolites, M1-661 and
M2-661, when administered in combination with ivacaftor (IVA) in subjects with
moderate hepatic impairment compared to the PK in matched healthy subjects.
To evaluate the PK of IVA and its metabolites, M1-IVA and M6-IVA, when
administered in combination with VX-661 in subjects with moderate hepatic
impairment compared to the PK in matched healthy subjects.
To assess the safety and tolerability of multiple doses of VX-661 in combination with
IVA in subjects with moderate hepatic impairment and in matched healthy subjects.

Study design: Open-label, multiple-dose study
Patient groups and sample size:




Cohort 1: Child-Pugh B (7 to 9 points; moderate impairment, n=12).
Cohort 2: Healthy subjects with normal hepatic function (control subjects matched to
moderate impairment subjects, n=12).

Cohort 2 (normal hepatic function) was enrolled after the moderate hepatic impairment subjects, in
order to match baseline characteristics of cigarette smoking habit (nonsmoking or smoking up to 10
cigarettes per day), age (± 10 years), sex, and body mass index (BMI) (± 15%).
Test product and Treatment: VX-661 (50 mg daily [qd]) in combination with IVA (150 mg qd)
was administered orally on Day 1 through Day 10. Subjects received study drugs within 30 (± 5)
minutes of starting breakfast. VX-661 is supplied as 50 mg tablets and IVA is supplied as 150 mg
tablets.
PK Sampling Schedule
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PK assessments included plasma concentrations of VX-661 and its metabolite, M1-661 and M2-661,
and IVA and its metabolites, M1-IVA and M6-IVA.
• On Day 1, blood samples were collected for measurement of VX-661 and IVA before the study drug
dose (0 hour) and at 1, 2, 3, 4, 6, 8, 12, and 24 hours (Day 2) after the dose of study drugs.
• On Day 8 and Day 9, blood samples were collected for measurement of VX-661 and IVA before the
dose (0 hour) of study drugs.
• On Day 10, blood samples were collected for measurement of VX-661 and IVA before the study
drug dose (0 hour) and at 1, 2, 3, 4, 6, 8, 12, 24 hours (Day 11), 48 (Day 12), 72 (Day 13), 96 (Day
14), 120 (Day 15), and 144 hours (Day 16) after the dose of study drugs.
• On Day 10, blood samples for plasma protein binding were collected before the study drug dose (0
hour) and at 2 and 4 hours after the dose of study drugs.

Results:
Pharmacokinetic results

Summary statistics of PK parameters are presented in Table 43 and Table 44. Steady-state plasma
concentrations of VX-661 and IVA were achieved by Day 10. Overall, plasma exposures (Cmax and
AUC) of VX-661 and its metabolites M1-661, M2-661 in subjects with moderate hepatic impairment
were comparable to those in subjects with normal hepatic function. On Day 10, the total and unbound
AUCτ of VX-661 were 21% and 32% higher, respectively, in subjects with moderate hepatic
impairment than in matched healthy subjects, while the total and unbound Cmax of VX-661 were
similar between the 2 cohorts. On Day 10, total and unbound exposures of M1-661 and M2-661 were
similar between cohorts.
Overall, plasma exposures (Cmax and AUC) of IVA in subjects with moderate hepatic impairment
were comparable to those in subjects with normal hepatic function in this study. On Day 10, the
AUCτ of IVA was 24% higher in subjects with moderate hepatic impairment while the Cmax of IVA
was similar between cohorts.
After 10 days of dosing, subjects with moderate hepatic impairment had mean metabolic ratios that
were reduced: 0.85 for M1-TEZ (compared to 1.3 for matched healthy subjects), 0.97 for M2-TEZ
(compared to 1.5 for matched healthy subjects), 1.4 for M1-IVA (compared to 2.1 for matched
healthy subjects), and 0.79 for M6-IVA (compared to 1.4 for matched healthy subjects).
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Table 43. Statistical Comparison of VX-661, M1-661, and M2-661 Exposures After Administration of
VX-661 and Ivacaftor in Subjects with Moderate Hepatic Impairment Relative to Exposures in Matched
Healthy Subjects on Day 1 and Day 10

(Source –Table 11-6, Study 009 report)
Table 44. Statistical Comparison of IVA, M1-IVA, and M6-IVA Exposures After Administration of IVA
and VX-661 in Subjects with Moderate Hepatic Impairment Relative to Exposures in Matched Healthy
Subjects on Day 1 and Day 10

(Source –Table 11-7, Study 009 report)

Reviewer’s comment:
Two subjects (001-008 and 001-019) had substantially higher IVA exposures were outliers relative to
the rest of the healthy subject cohort. While these subjects were not termed outliers with respect to
VX-661, they were noted as having the highest exposures of VX-661 in the healthy subject cohort. The
exclusion of these 2 subjects led to a 14% decrease in mean VX-661 AUCτ (from 58100 to 50100
ng•h/mL) and a 26% decrease in mean IVA AUCτ (from 16500 to 12200 ng•h/mL) in the healthy
subject cohort.
Plasma Protein Binding:
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The extent of protein binding was similar in subjects with moderate hepatic impairment and healthy
subjects. Analysis of protein binding in plasma from subjects with normal hepatic function and
moderate hepatic impairment showed that VX-661 is highly bound (>99%) in both cohorts (Table
45). As shown in the table, the percentages of unbound VX-661, M1-661 and M2-661 were generally
similar between subjects with moderate hepatic impairment and healthy subjects.
Since the percentage of unbound IVA and M6-IVA could not be determined in most of the subjects,
unbound PK parameters were not calculated. Unbound PK parameters were also not computed for
M1-IVA in healthy subjects (Cohort 2) due to the high variability in the plasma protein binding
results.
Table 45. Mean (CV%) Percentage of Unbound Drug in the Plasma in Cohort 1 and Cohort 2

(Source –Table 11-5, Study 009 report)

Reviewer’s comment:
IVA is predominately cleared via a hepatic route. Based on the results of the hepatic impairment
study with IVA alone (Study 770-013), subjects with moderately impaired hepatic function had
approximately two fold increase in ivacaftor AUCinf. Therefore, a dose reduction (from 150 mg q12h
to 150 mg qd) during IVA monotherapy is recommended in patients with moderate hepatic
impairment.While the IVA exposure was only 51% higher in study 009, we still recommend dose
adjustment (from 150 mg q12h to 150 mg qd) based on the largest change in exposure observed in
studies with moderate hepatic impairment subjects. These recommendations are consistent with the
labeling for IVA monotherapy.
Conclusions:
On Day 10, the total and unbound AUCτ of VX-661 were 36% and 47% higher, respectively, in
subjects with moderate hepatic impairment than in matched healthy subjects. Therefore, no dose
adjustment for TEZ is necessary for patients with mild or moderate hepatic impairment.
On Day 10, the AUCτ of IVA was 51% higher in subjects with moderate hepatic impairment than in
matched healthy subjects. In another study (study 770-013), subjects with moderately impaired
hepatic function had approximately two fold increase in ivacaftor AUCinf. Therefore, dose
adjustment (from 150 mg q12h to 150 mg qd) is recommended based on the largest change in IVA
exposure observed in studies with moderate hepatic impairment subjects.
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The extent of protein binding was similar in subjects with moderate hepatic impairment and
healthy subjects.
DRUG-DRUG INTERACTIONS
5. DDI with Ivacaftor , Ciprofloxacin
Trial # 770-017
Title: An Open-Label, Phase 1 Study in Healthy Adult Subjects to Examine the Effects of MultipleDose Ciprofloxacin on the Multiple-Dose Pharmacokinetics of Ivacaftor and on the Multiple-Dose
Pharmacokinetics of VX-661 Administered in Combination With Ivacaftor
Study period: 12 Dec 2013- 11 Feb 2014
Objective:
o
o

Evaluate the effect of ciprofloxacin on the PK of IVA
Evaluate the effect of ciprofloxacin on the PK of TEZ and metabolites when TEZ is
administered in combination with IVA.

Study design and treatment schedule:
This was a Phase 1, open-label, single-center, nonrandomized study of multiple-dose oral ivacaftor
(150 mg q12h) with concomitant multiple-dose oral ciprofloxacin (750 mg q12h) and multiple-dose
oral VX-661 (50 mg q12h) administered in combination with ivacaftor (150 mg q12h) and
concomitant multiple-dose oral ciprofloxacin (750 mg q12h) in healthy subjects. Study design is
shown in Figure 34.
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Figure 34: Schemmatic of Study design
(Source: Figure 9-1, CSR 017)

Test product: Ivacaftor 150-mg tablets, VX-661 50-mg tablets
Sampling Schedule
Cohort 1



On Day 5, Day 6, Day 12, and Day 13, PK blood samples for ivacaftor were collected
only at 0.5 hours before the morning dose of study drug(s).
On Day 7 and Day 14, PK samples for ivacaftor were collected 0.5 hours before the
morning dose of study drug(s) AND at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, and 12 hours after the
morning dose of study drug(s).

Cohort 2
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On Day 8, Day 9, Day 18, and Day 19, PK samples for both VX-661 and ivacaftor were
collected only at 0.5 hours before the morning dose of study drugs.
On Day 10 and Day 20, PK samples for both VX-661 and ivacaftor were collected 0.5
hours before the morning dose of study drugs AND at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, and 12
hours after the morning dose of study drugs.

Results and Conclusions:
Effect of ciprofloxacin on ivacaftor and metabolites:
Ciprofloxacin (750 mg q12h) had no clinically relevant effect on the exposures of ivacaftor, M1ivacaftor, or M6-ivacaftor following concomitant administration with ivacaftor for 7 days in Cohort 1
and following concomitant administration with ivacaftor and VX-661 for 10 days in Cohort 2.
Table 46: Cohort 1 GLSM Ratios and 90% CIs for PK Parameters of Ivacaftor, M1-Ivacaftor, and M6Ivacaftor After Ivacaftor (150 mg q12h) Administration Alone in Dosing Period 1 (Day 7) and With
Concomitant Ciprofloxacin in Dosing Period 2 (Day 14)

(Source: Table 11-3, CSR 770-017)
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Table 47: Cohort 2 GLSM Ratios and 90% CIs for PK Parameters of Ivacaftor, M1-Ivacaftor, and M6Ivacaftor After Administration of VX-661 (50 mg q12h) in Combination With Ivacaftor (150 mg q12h) in
Dosing Period 1 and With Concomitant Ciprofloxacin in Dosing Period 2

(Source: Table 11-6, CSR 770-017)

Effect of ciprofloxacin on VX-661 and metabolites:
Ciprofloxacin had no clinically relevant effect on the exposure of VX-661 or its metabolites when
VX-661 was dosed in combination with ivacaftor. VX-661 Cmax, Cmin, and AUC0-tlast were
similar in Dosing Period 2 (VX-661, ivacaftor, and ciprofloxacin) relative to Dosing Period 1 (VX661 and ivacaftor).
Table 48: Cohort 2 GLSM Ratios and 90% CIs for PK Parameters of VX-661, M1-661, and M2-661
After Administration of VX-661 (50 mg q12h) in Combination With Ivacaftor (150 mg q12h) in Dosing
Period 1 and With Concomitant Ciprofloxacin in Dosing Period 2

(Source: Table 11-9, CSR 770-017)
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Exposure of ivacaftor with or without VX-661:
A cross-cohort comparison of steady-state IVA PK parameters in subjects dosed with 150 mg q12h of
IVA alone (Day 7, Cohort 1) versus those dosed with TEZ 50 mg q12h/IVA 150 mg q12h (Day 10,
Cohort 2) showed that the mean AUC of IVA was 32% higher in the TEZ/IVA group
(11200ng*h/mL) than in the IVA alone group (8590ng*h/mL).
However, a boxplot of steady-state exposures of IVA from the other healthy subject studies that
received the same 150 mg q12h dose of IVA from the same (or essentially bioequivalent) formulation
showed that the IVA exposures in Cohort 2 (IVA in combination with TEZ) are within the range of
exposures seen in other studies with 150 mg q12h dose of IVA alone.

Figure 35: Box Plots of Steady-state Exposures of IVA Following IVA 150 q12h Dosing
(Source: Figure 7, summary of clin pharm)

Conclusions:
Ciprofloxacin (750 mg q12h) had no clinically relevant effect on the exposure of TEZ, IVA, and their
metabolites following co-administration with TEZ/IVA combination therapy. In cross cohort
comparison, IVA exposure (AUC) was 32% higher in the TEZ/IVA group than in the IVA alone
group.

107
Reference ID: 4216031

6. DDI with Itraconazole, Midazolam, and Digoxin
Trial # 006
Title: A Phase 1, Open-Label Study to Evaluate the Pharmacokinetic Drug-Drug Interactions
Between VX-661 in Combination With Ivacaftor and Itraconazole, Midazolam, and Digoxin in
Healthy Adult Subjects
Study period: 12 Feb 2015- 14 Apr 2016
Objective:
Cohort 1
• To assess the effect of itraconazole on the pharmacokinetics (PK) of VX-661 and its metabolites,
M1-661 and M2-661, when VX-661 and ivacaftor (IVA) are administered as separate tablets
• To assess the effect of itraconazole on the PK of IVA and its metabolites, M1-IVA and M6-IVA,
when VX-661 and IVA are administered as separate tablets
Cohort 2
To assess the PK of midazolam and digoxin in the absence and presence of VX-661/IVA
administered as a fixed-dose combination (FDC) tablet
Study design – This was a single-center, Phase 1, open-label, DDI study to evaluate the effects of
itraconazole on the PK of VX-661/IVA administered as separate tablets. In addition, this study
evaluated the effects of VX-661/IVA administered as an FDC tablet on the PK of midazolam and
digoxin. Enrollment was planned for approximately 18 subjects in Cohort 1 and approximately 16
subjects in Cohort 2 (Figure 36).
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Figure 36. Study Schematic
(Source: Figure 9.1, CSR006)

Test product:
Cohort 1
Cohort 2

VX-661: 25-mg, film-coated tablet
IVA: 50-mg, film-coated tablet
VX-661: 100-mg/IVA 150-mg FDC tablets
IVA: 150-mg, film-coated tablet

Sampling Schedule
Cohort 1
VX 661 and IVA PK
• On Days 12, 13, 26, and 27, blood samples were collected before the morning VX-661/IVA
dose.
• On Day 14, blood samples were collected before the morning VX-661/IVA dose and at 0.5, 1,
2, 3, 4, 6, 8, 12, and 24 hours (Day 15) after the morning VX-661/IVA dose.
• On Day 28, blood samples were collected before the morning VX-661/IVA dose and at 0.5, 1,
2, 3, 4, 6, 8, 12, and 24 hours (Day 29) after the morning VX-661/IVA dose.
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Itraconazole PK
• On Days 26 and 27, blood samples were collected before the morning itraconazole dose.
• On Day 28, blood samples were collected before the morning dose and at 2 hours after the
morning itraconazole dose.
Cohort 2
Midazolam PK
• On Day 1, blood samples were collected before the morning midazolam dose and at 0.5, 1, 1.5,
2, 3, 4, 6, 8, 12, and 24 hours (Day 2) after the morning midazolam dose.
• On Day 15, blood samples were collected before the morning midazolam dose and at 0.5, 1, 1.5,
2, 3, 4, 6, 8, 12, and 24 hours (Day 16) after the morning midazolam dose.
Digoxin PK
• Day 1, blood samples were collected before the morning digoxin dose and at 0.5, 0.75, 1, 1.5, 2,
4, 6, 8, 10, 12, 24 (Day 2), 48 (Day 3), 72 (Day 4), 96 (Day 5), and 120 hours (Day 6) after the
digoxin dose.
• Day 15, blood samples were collected before the morning digoxin dose and at 0.5, 0.75, 1, 1.5,
2, 4, 6, 8, 10, 12, 24 (Day 16), 48 (Day 17), 72 (Day 18), 96 (Day 19), and 120 hours (Day 20)
after the digoxin dose.
• On Day 1, urine samples were collected before the morning digoxin dose, and from 0 to 6, 6 to
12, 12 to 24 (Day 2), 24 to 48 (Day 3), 48 to 72 (Day 4), 72 to 96 (Day 5), and 96 to 120 hours
(Day 6) after the digoxin dose.
• On Day 15, urine samples were collected before the morning digoxin dose, and from 0 to 6, 6 to
12, 12 to 24 (Day 16), 24 to 48 (Day 17), 48 to 72 (Day 18), 72 to 96 (Day 19), and 96 to 120
hours (Day 20) after the digoxin dose.
VX-661 and IVA PK
• On Day 6, blood samples were collected before the morning VX-661/IVA dose and at 0.5, 1, 2,
3, 4, 6, 8, 12, and 24 hours (Day 7) after the morning VX-661/IVA dose.
• On Days 13 and 14, blood samples were collected before the morning VX-661/IVA dose.
• On Day 15, blood samples were collected before the morning VX-661/IVA dose and at 0.5, 1,
2, 3, 4, 6, 8, 12, and 24 hours (Day 16) after the morning VX 661/IVA dose.
Results and Conclusions:
PK results
Effect of itraconazole on ivacaftor, VX-661, and metabolites:




Upon coadministration of VX-661/IVA as separate tablets with itraconazole, VX-661 exposure
increased (Ctrough increased 6-fold, Cmax increased 2.83-fold and AUCτ increased 4.02-fold),
M1-661 exposure decreased approximately 40%, and M2-661 exposure decreased approximately
60%.
Upon coadministration of VX-661/IVA as separate tablets with itraconazole, IVA exposure
increased (Ctrough increased 37.7-fold, Cmax increased approximately 8.6-fold, and AUCτ
increased 15.6-fold), M1-IVA exposure increased (Ctrough increased 8.7-fold, Cmax increased
1.8-fold and AUCτ increased 3.56-fold), and M6-IVA decreased (Cmax decreased approximately
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46%, AUCτ decreased 30%, and conversely Ctrough increased approximately 1.3-fold).
Table 49: Geometric Least Square Mean (GLSM) Ratios and 90% CI for VX-661, M1-661, and M2-661
Comparing Period 2 (With Itraconazole) to Period 1 (Without Itraconazole)

(Source: Table 11-4, CSR 006)
Table 50: Geometric Least Square Mean (GLSM) Ratios and 90% CI for IVA, M1- IVA and M6-IVA
Comparing Period 2 (With Itraconazole) to Period 1 (Without Itraconazole)

(Source: Table11-5, CSR 006)

PK of ivacaftor and VX-661 with single dose and multiple doses of FDC TEZ/IVA:
Following multiple dose administration of a VX-661 100 mg/IVA 150 mg tablet in the morning and a
150 mg IVA tablet 12 hours later in the evening, the accumulation ratios of steady state to single dose
administration were 2.3-fold for VX-661 exposure and 3.02-fold for IVA exposure (AUCτ) (Table
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51). After 10 days of dosing, the mean metabolic ratio for AUC was 1.56 for M1-661 and 1.45 for
M2-661 (Table 52).
Table 51: Summary of PK Parameters of TEZ and IVA After Oral Administration of TEZ/IVA as an
FDC Tablet

a. τ is 24 hour for VX-661 and 12 hour for IVA.
(Source: Table11-7, 11-8, CSR 006)

Table 52: Metabolic Ratio of M1-661 and M2-661 After Oral Administration of VX-661/IVA as an FDC
Tablet

(Source: Table11-9, CSR 006)
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A. VX661

B. IVA

Figure 37: Mean Plasma Concentration of VX-661 (A) and IVA (B) After Single (Day 6) and Multiple
(Day 15) Oral Administrations of VX-661/IVA as an FDC Tablet
(Source: Figure 11- 13, 11-16, CSR006)

Effect of ivacaftor and VX-661 on midazolam and digoxin:
Administration of the VX-661/IVA FDC tablet did not affect the PK of midazolam or 1hydroxymidazolam.
Administration of the VX-661/IVA FDC tablet increased digoxin exposure approximately 1.3-fold
compared with digoxin administered alone.
Table 53: Geometric Least Square Mean (GLSM) Ratios and 90% CI for Midazolam and 1Hydroxymidazolam Comparing Period 2 (With VX-661/IVA) to Period 1 (Without VX-661/IVA)

(Source: Table 11-12, CSR 006)
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Table 54: Geometric Least Square Mean (GLSM) Ratios and 90% CI for Digoxin Comparing Period 2
(With VX-661/IVA) to Period 1 (Without VX-661/IVA)

(Source: Table 11-14, CSR 006)

Conclusions:
o Co administration with itraconazole, a strong CYP3A inhibitor, increased tezacaftor exposure
(AUC) by 4.0 fold and ivacaftor by 15.6 fold. M1-661, the active metabolite of tezacaftor
exposure was decreased by approximately 40%.
o Co administration of TEZ/IVA with midazolam (oral), a sensitive CYP3A substrate, did not
affect midazolam exposure.
o Co administration of TEZ/IVA with digoxin, a sensitive P gp substrate, increased digoxin
exposure by 1.3 fold consistent with weak inhibition of P gp by ivacaftor.
7. DDI with Oral Contraceptives
Trial # 008
Title: A Phase 1, Open-label, 2-Period, 1-Way Crossover Study of VX-661 in Combination With
Ivacaftor to Investigate the Drug-Drug Interaction With Oral Contraceptives in Healthy Adult Female
Subjects
Study period: 25 Aug 2015- 21 Mar 2016
Objective:
o To compare the plasma steady-state pharmacokinetic (PK) of ethinyl estradiol (EE) and
norethindrone (NE) in healthy adult female subjects after repeated administration of ORTHONOVUM® 1/35 (oral contraceptive [OC]) with and without co-administration of tezacaftor
(TEZ) and ivacaftor (IVA)
o To assess the activity of EE and NE by comparing progesterone, luteinizing hormone (LH),
and follicle-stimulating hormone (FSH) serum levels in healthy adult female subjects after
repeated administration of ORTHO-NOVUM 1/35 with and without co-administration of
TEZ and IVA.
Study design – This was a single-center, Phase 1, open-label, drug-drug interaction (DDI) study of
TEZ in combination with IVA to evaluate the DDI with OC in 25 healthy subjects. During Cycle 1 of
the Treatment Period, subjects received OC for 28 days. During Cycle 2, subjects received OC and
TEZ 100 mg daily and IVA 150 mg every 12 hours for 28 days. During both cycles, subjects received
OC according to the prescribing information (active tablets for 21 days followed by inert tablets for 7
days).
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Figure 38: Study design scheme
(Source: Figure 9-1. CSR 008)

Test product: TEZ 100-mg/IVA 150-mg film-coated fixed-dose combination tablets; IVA 150-mg
film-coated tablet.
Sampling Schedule
PK Sampling Schedule
EE and NE PK
• PK samples were collected on Days 21 and 49 before the dose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,
12, and 24 hours after the morning dose and before dosing on Days 1, 7, 14, 28, 35, and 42.
TEZ, IVA, and their metabolites
• PK samples were collected on Days 29, 49, and 56 before the morning dose and at 0.5, 1, 2, 3,
4, 6, 8, 12, and 24 hours after the morning dose.
PD Sampling Schedule
Blood samples for the determination of FSH, LH, and progesterone serum levels were collected at
Screening and before the morning dose on Days 7, 21, 35, and 49.
Results and Conclusions
PK results
Administration of TEZ/IVA in combination with OC did not impact the PK of EE or NE. Mean
plasma EE and NE concentration-time profiles on Days 21 and 49 are presented in Figure 39 and
Figure 40. EE and NE exposures in healthy subjects after co-administration with TEZ/IVA were
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similar compared to administration of EE and NE alone.GLSM ratios of EE and NE exposures were
within the range of 101% to 115% in healthy subjects receiving OC with or without TEZ/IVA. The
90% CI for the EE Cmax ratio with and without TEZ/IVA was 99% to 133%. For EE AUCτ and NE
Cmax and AUCτ, the 90% CIs were within the range of 80% to 125% (Table 55).
The PK of TEZ and IVA and their metabolites did not change when TEZ/IVA was administrated with
OC. GLSM ratios of the exposure of TEZ and its metabolites were within the range of 85% to 105%
in healthy subjects receiving TEZ/IVA with or without OC. The 90% CIs for Cmax and AUCτ were
within the range of 80% to 125% for TEZ and both of its metabolites (Table 56). GLSM ratios of the
exposure of IVA and its metabolites were within the range of 98% to 104% in healthy subjects
receiving TEZ/IVA with or without OC. The 90% CIs for Cmax and AUCτ were within 80% to 125%
for IVA and both of its metabolites (Table 57).

Figure 39: Arithmetic Mean Plasma Concentration-time Profiles of EE After Administration of OC
Alone (Day 21) and With TEZ/IVA (Day 49)
(Source: Figure 11- 1, CSR008)
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Figure 40: Arithmetic Mean Plasma Concentration-time Profiles of NE After Administration of OC
Alone (Day 21) and With TEZ/IVA (Day 49)
(Source: Figure 11- 2, CSR008)

Table 55: Geometric Mean (95% CI) Plasma Pharmacokinetics of EE and NE Exposures in Healthy
Subjects With or Without TEZ/IVA

EE
NE
(Source: Table 11-2, 11-4, CSR 008)
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Table 56: Statistical Analysis of Exposures of TEZ and Its Metabolites in Healthy Subjects With or
Without OC

(Source: Table 11-6, CSR 008)
Table 57: Statistical Analysis of Exposures of IVA and Its Metabolites in Healthy Subjects With or
Without OC

(Source: Table11-8, CSR 008)

PD results
Blood samples were analyzed for serum LH, FSH, and progesterone concentrations at screening
(Days -28 to -2) and on Days 7 and 21 in each cycle (i.e., Study Days 7 and 21 in Cycle 1 and Study
Days 35 and 49 in Cycle 2). The point estimates of LSM ratios of the treatments (OC with or without
TEZ/IVA) were 111% for FSH, 116% for LH, and 90.6% for progesterone, suggesting that, on
average, the co-administration of TEZ/IVA with OC did not change these hormone levels to a
clinically significant degree in healthy female subjects (Table 58, Table 59). The 90% CI around the
point estimates for each analyte were wide because of high variability.
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Table 58: Arithmetic Mean (CV%) of LH, FSH, and Progesterone Concentrations After Administration
of OC With and Without TEZ/IVA

(Source: Table 11-9, CSR 008)

Table 59: Statistical Analysis of Hormone Levels in Healthy Subjects in Comparison of OC With and
Without TEZ/IVA

(Source: Table 11-10, CSR 008)

Conclusions:
No significant DDI between EE/NE and TEZ/IVA was observed when OC was co-administrated with
TEZ/IVA in healthy subjects.
TEZ/IVA was safe and well tolerated when administered concurrently with OC.
BIOPHARMACEUTICS
8. Relative Bioavailability and Food Effect
Trial # 004
Title: A Phase 1, Open-Label, Randomized, Single-Dose, 3-Period, 3-Treatment, Crossover Study to
Investigate the Relative Bioavailability and Food Effect of a Fixed-Dose Combination Tablet of VX661 and Ivacaftor Compared to VX-661 and Ivacaftor Formulated as Separate Tablets in Healthy
Adult Subjects
Study period: 26 March 2014- 30 June 2014
Objectives
o

To evaluate the relative bioavailability of a fixed dose combination (FDC) tablet of 50-mg
VX-661 and 150-mg ivacaftor compared to the coadministration of 50-mg VX-661 and 150mg ivacaftor formulated as separate tablets.administered as a single dose in the fed state
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o

To evaluate the effect of food on the relative bioavailability of the FDC formulation of VX661 and ivacaftor

Study design and treatment schedule:
A Phase 1, randomized, open-label, 2-formulation, 6-sequence, 3-period, crossover study using the
Williams Design in healthy adult subjects. The reference formulation (Treatment A), separate tablets
of 50-mg VX-661 and 150-mg ivacaftor, was administered in the fed state. The test formulation, an
FDC tablet of 50-mg VX-661 and 150-mg ivacaftor, was administered in the fed state (Treatment B)
and in the fasted state (Treatment C). Subjects were randomized to 1 of 6 treatment sequences. The 3
treatments were administered with a minimum 14-day washout period between them.
Test product: A single FDC tablet with 50-mg VX-661 and 150-mg ivacaftor was administered
orally in either a fed or fasted state. A single 150-mg tablet of ivacaftor was coadministered orally in
a fed state with a single 50-mg tablet of VX-661.
PK Sampling Schedule
For each period, blood PK samples for both VX-661 and ivacaftor were collected predose and 0.5, 1,
2, 3, 4, 6, 8, 10, 12 (Day 1), 24 (Day 2), 48 (Day 3), and 72 (Day 4) hours postdose; and in addition at
96 (Day 5), 120 (Day 6), 144 (Day 7), and 168 (Day 8) hours postdose for VX-661.
Results and Conclusions
PK of TEZ and IVA
The summary of PK parameters generated from noncompartmental analysis of VX-661 and ivacaftor
plasma concentration data are shown in Table 60. After a single dose in healthy subjects in the fed
state, tezacaftor was absorbed with a median (range) time to maximum concentration (tmax) of
approximately 4 hours (2 to 6 hours). The median (range) tmax of ivacaftor was approximately 6.0
hours (3 to 10 hours) in the fed state.
Table 60. Pharmacokinetic Parameters (Mean ± SD) of VX-661 and Ivacaftor

(Source: Table 11-1 and Table 11-4, CSR004)

Relative Bioavailability of the FDC Formulation Compared to Separate Tablets
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The FDC formulation demonstrated similar bioavailability compared to the separate tablet
formulations of VX-661 and ivacaftor. There was no significant difference in exposure of VX-661,
ivacaftor, and their respective metabolites between the two formulations. The geometric mean ratios
for Cmax and AUC of the FDC relative to separate tablets were both approximately 100% under fed
conditions (Table 61).
Table 61. Relative Bioavailability of the FDC Formulation Compared to Separate Tablets Under Fed
Conditions

(Source: Table 2-1, synopsis of study 004)

Effect of Food on the FDC Formulation
Administration of the FDC formulation with food (high-fat, high-calorie breakfast) had no clinically
relevant effect on exposure of VX-661 and its metabolites. Food slightly decreased Cmax (by 20%)
and delayed the tmax of VX-661. However, VX-661 AUCinf was comparable between the fed and
fasted states with a GLSM ratio of 1.10 (90% CI: 1.01 to 1.20) (Table 62).
There was a significant food effect on exposure of ivacaftor and its metabolites with the FDC
formulation. Ivacaftor Cmax and AUC0-∞ increased to 4- and 3-fold, respectively, when the FDC
was administered after a high-fat, high-calorie breakfast (Table 62).
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Table 62. Relative Bioavailability of the FDC Formulation in Fed Condition Compared to Fasted
Condition

(Source: Table 2-2, synopsis of study 004)

Conclusions
The relative bioavailability of VX-661, ivacaftor, and their metabolites with the FDC formulation
compared to the separate tablet formulations of VX-661 and ivacaftor was approximately 1.
Administration of the FDC formulation with food had no clinically relevant effect on VX-661
exposure. In contrast, presence of food significantly increased ivacaftor exposure to approximately 3fold.
Reviewer’s comment:


The food effect for ivacaftor is similar to what has been observed in previous studies. Due to the
significant food effect for ivacaftor, SYMDEKO is recommended to be taken with high fat food.
TEZ/IVA was administered with high fat food in all phase 2 and 3 studies.



The phase 3 formulation is 100/150 mg FDC. It is the same as the to-be-marketed formulation.
The exposure of TEZ and IVA in phase 3 studies is consistent with phase 2 studies, where
separate tablets were administered. While the TEZ strength in the to-be-marketed FDC tablet is
different from the FDC used in study 004, the other components are the same. Refer to biopharm
review for further details.
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RTF Parameter

Criteria for Refusal to File (RTF)
Assessment

1. Did the applicant submit bioequivalence data
comparing to-be-marketed product(s) and those
used in the pivotal clinical trials?
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drug-drug interaction information? (Note: RTF
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Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist
Data
1. Are the data sets, as requested during presubmission discussions, submitted in the
appropriate format (e.g., CDISC)?
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sets submitted in the appropriate format?
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Filing Memo

Submission in brief:
Indication and mechanism of action
Vertex has submitted the NDA 210491 seeking the marketing approval for tezacaftor/ivacaftor (SYMDEKO),
to be used as “cystic fibrosis (CF) aged 12 years and older who are homozygous for the F508del mutation or
who have at least one mutation in the cystic fibrosis transmembrane conductance regulator (CFTR) gene that is
responsive to tezacaftor/ivacaftor based on in vitro data and/or clinical evidence.”
Tezacaftor (also known as VX-661) is a CFTR corrector that acts by facilitating the cellular processing and
trafficking of CFTR, thereby increasing the amount of functional CFTR protein at the cell surface. Ivacaftor
(KALYDECO, also known as VX-770) is a selective potentiator of CFTR and is currently approved “for the
treatment of cystic fibrosis (CF) in patients age 2 years and older who have one mutation in the CFTR gene that
is responsive to ivacaftor based on clinical and/or in vitro assay data”.
Tezacaftor/ivacaftor (hereafter referred to as TEZ/IVA) is tablet formulation of a fixed dose combination (FDC)
of TEZ (CFTR corrector) and IVA (CFTR potentiator). The proposed dose is one tablet (containing tezacaftor
100 mg/ivacaftor 150 mg) in the morning and one tablet (containing ivacaftor 150 mg) in the evening,
approximately 12 hours apart. SYMDEKO should be taken with fat-containing food.
Summary of information submitted
NDA 210491 consists of 13 clinical and clinical pharmacology studies, including 7 clinical pharmacology
studies in healthy subjects (study 001, 004, 005, 006, 008, 009, 010), and 6 clinical studies (2 phase II studies
101 and 103, 3 phase III studies 106, 107, 108, and open-label rollover study 110) to demonstrate the efficacy
and safety of TEZ/IVA. In addition to the TEZ studies, studies from the Kalydeco® program (Studies 770-017 and
770-104) that provide data for the TEZ/IVA combination are also included.
Mid-Cycle Deliverables

Following are the Mid-Cycle Deliverables:
1. Any approvability issues
2. Drug-drug Interaction and Extrinsic/Intrinsic Factors (age, weight)
3. Labeling

Filing slides are attached below:
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