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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

The recommended regulatory action from a clinical perspective is Approval of ivacaftor 
granules as an additional presentation of ivacaftor appropriate to use for the treatment 
of cystic fibrosis patients aged 2 to 5 years with G551D, G1244E, G1349D, G178R, 
G551S, S1251N, S1255P, S549N, S549R, or R117H mutation in the CFTR gene at a 
dose of 75mg q12 hours for patients ≥14kg and 50mg q12 hours for patients <14kg.
This recommendation is based on the extrapolation of efficacy from existing data in 
older patient population using ivacaftor tablets (NDA 203,188) and review of safety data 
in the 2 to 5 year old population.

1.2 Risk Benefit Assessment

Ivacaftor tablets (NDA 203,188) are approved for the treatment of CF patients aged 6 
years and older with the G551D, G1244E, G1349D, G178R, G551S, S1251N, S1255P, 
S549N, S549R, or R117H mutation in the CFTR gene at a dose of 150mg once every 
12 hours. In this NDA, Vertex has submitted data from a pharmacokinetic and safety 
study (study 108) to support the use of ivacaftor granules in patients 2 to 5 years in age. 
This formulation is more age appropriate than tablets, as the patients in this age group 
often cannot swallow tablets and this formulation can be administered mixed with food 
or liquid. Study 108 was an open-label, uncontrolled, two-part pharmacokinetic (PK, part 
A) and safety (part B) study in patients 2 to 5 years in age. In part A, results 
demonstrated that when ivacaftor was administered at 75mg for patients ≥14kg and at 
50mg for patients <14kg every 12 hours for 4-days, systemic exposures matched that 
seen for ivacaftor tablets (150mg q12) in the adolescent/adult population. Because of 
the similar exposures and because the disease process in the older population is the 
same as that in the 2 to 5 year old population, efficacy in the proposed age group was
extrapolated from the ivacaftor tablet development program. With regard to safety,
based on analysis of deaths, SAEs, and AEs; no new safety signals were identified. 
With regard to lab evaluations, in the 2 to 5 year old population, transaminase 
elevations were observed more frequently in patients with baseline elevated 
transaminases.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

None beyond standard pharmacovigilance practices.
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1.4 Recommendations for Postmarket Requirements and Commitments

None

2 Introduction and Regulatory Background

2.1 Product Information

The chemical name for ivacaftor is N-(2, 4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-
oxoquinoline-3-carboxymide. It is an orally-bioavailable small molecule that potentiates 
CFTR protein chloride transport in patients with cystic fibrosis (CF) with mutations in the 
CFTR gene responsive to CFTR chloride channel potentiation..  Ivacaftor tablets (NDA 
203,188) was approved on January 31, 2012, for the treatment of CF in patients ≥ 6 
years of age who have a G551D mutation in the CFTR gene at a dose of 150mg every 
12 hours with a fat-containing food. On 2/21/14, the indication was expanded to include 
the following additional mutations: G1244E, G1349D, G178R, G551S, S1251N, 
S1255P, S549N, or S549R. On 12/30/15, the indication was again expanded to include 
patients with a R117H mutation. This NDA is for a new ivacaftor formulation (granules) 
and proposes to expand the indication to include the 2 to 5 year old age group at a dose 
of 75mg for patients ≥14kg and 50mg for <14kg. As this age group generally has 
difficulties swallowing tablets, the granule formulation is more pediatric friendly, as the 
granules may be mixed with soft food or liquid for administration.

2.2 Tables of Currently Available Treatments for Proposed Indications

Medications used to treat CF patients are summarized in Table 1. Note that not all are 
FDA approved for use in CF, and only ivacaftor treats the underlying cause of CF, 
whereas the others only treat symptoms of CF.
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groups, there were more liver related SAEs in patients who received ivacaftor. 
Cataracts have also been observed in juvenile animal studies and in patients receiving 
ivacaftor.

2.5 Summary of Presubmission Regulatory Activity Related to Submission

Ivacaftor was approved on 1/31/2012, for the treatment of CF in patients age 6 years 
and older who have a G551D mutation in the CFTR gene. On 2/21/14, the indication 
was expanded to include the following additional mutations: G1244E, G1349D, G178R, 
G551S, S1251N, S1255P, S549N, or S549R. On 12/30/14, the indication was 
expanded to include the R117H mutation. Prior to submission of this NDA, ivacaftor has 
been the subject of multiple regulatory proceedings. Interactions relevant to this sNDA
are summarized below:

Communication dated March 1, 2012:
 Efficacy in the 2 to 5 year old population can be extrapolated from the older 

population
 To support safety in the proposed population, the Division encouraged Vertex to 

enroll at least 30 patients with at least 10 who were 2-3 years in age
 The Division also encouraged Vertex include non-G551D patients

2.6 Other Relevant Background Information

None

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

This NDA was submitted on 9/17/14. The submission was appropriately indexed and 
complete to allow for review. There were no issues with submission quality or data 
integrity.

3.2 Compliance with Good Clinical Practices

A statement of compliance with Good Clinical Practices is located in the clinical study 
report, within the electronic submission.

3.3 Financial Disclosures

See section 9 Appendices.
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4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines

4.1 Chemistry Manufacturing and Controls

The recommended regulatory action from the CMC review team is approval. See the 
review written by Dr. Edwin Jao for more details.

Ivacaftor is N-(2, 4-Di-tert-butyl-5-hydroxyphenyl)-1, 4-dihydro-4-oxoquinoline-3-
carboxymide.  The molecular formula of VX-770 is C24H28N2O3 and its molecular weight 
is 392.49 grams per mole. The ivacaftor granules are white to off white in color with a 

 weight of 6.87mg. Each granule contains  
of ivacaftor. The granules are packaged into a foil laminate packet with a dose of either 
50mg or 75mg . The granules contain the following 
excipients: colloidal silicon dioxide, croscarmellose sodium, lactose monohydrate, 
mannitol, magnesium stearate, and sucralose. The ivacaftor drug substance used to 
produce the granules was previously described and reviewed under NDA 203188 for 
ivacaftor tablets (see Dr. Arthur Shaw’s review).  

4.2 Clinical Microbiology

Not applicable.

4.3 Preclinical Pharmacology/Toxicology

No new preclinical data was submitted with this NDA. For an in depth review of the 
preclinical pharmacology/toxicology data, see the review written by Dr. Marcie Wood for 
NDA 201,388.

4.4 Clinical Pharmacology

The recommended regulatory action from the Clinical Pharmacology review team is 
Approval. See the review written by Drs. Jianmeng Chen and Dinko Rekic for more 
details.

To support the proposed dosing in the 2 to 5 year old patient population, the Applicant 
submitted data from study 108. Study 108 was an open-label pharmacokinetic (PK) and 
safety study in patients 2 to 5 years of age where patients ≥14kg received ivacaftor 
75mg q12 and those <14kg received 50mg q12. This study included two parts (A and 
B). Part A included a 4-day treatment period where the PK of ivacaftor granules was 
assessed and dosing confirmed based on exposure comparisons to the older 
population. Part B included an open-label 24-week treatment period where safety and 
PK parameters were assessed. Doses for this study were determined using a 
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population PK model generated from previously completed PK studies in the older 
population.

PK results from study 108 demonstrated that ivacaftor exposure was similar in the 2 to 5
year old age group (who received the appropriate weight-based ivacaftor 50 or 75 mg 
dose) compared to adolescents and adults (≥12 years of age). These results are 
summarized in Figure 1. Note that the exposure in the 6-11year old age group at the 
approved dose of 150mg q12 is higher than adults. However, this exposure was 
previously determined to be safe and efficacious in this age group (see NDA 203,188), 
although it is likely that exposure in the 6-11 year age group could have been lowered 
and efficacy retained. 

Figure 1. Ivacaftor AUC distribution in CF patients by age group

Source: Summary of Clinical Pharmacology; figure 3-2; pg9.

Given the similarity in exposure between the 2 to 5 year old population and the 
adolescent/adult population and because the disease, CF, is the same, efficacy in the 2 
to 5 year old population can be extrapolated from the older population.

5 Sources of Clinical Data

To support the proposed expansion of the indication to include the 2 to 5 year old 
population, the Applicant submitted clinical data from study 108.
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o To evaluate the PK of ivacaftor granules and its metabolites
 Exploratory

o To evaluate the palatability of ivacaftor granules

Part B:
 Primary

o To evaluate the safety of ivacaftor granules in CF patients aged 2 to 5
years of age with an approved mutation

 Secondary
o To evaluate the PK and PD of ivacaftor granules in CF patients aged 2 to 

5 years of age with an approved mutation
 Tertiary

o To evaluate the efficacy of ivacaftor granules in CF patients aged 2 to 5
years of age with an approved mutation

o To evaluate the palatability of ivacaftor granules

Study Design and Conduct
Overview
This was a 2-part (A and B) non-randomized, open-label study of ivacaftor granules in 
CF patients ages 2 to 5 years of age with a “gating” mutation in at least one allele. The 
following mutations were defined by the Applicant as “gating”: G551D, G1244E, 
G1349D, G178R, G551S, S1251N, S1255P, S549N, S549R, or G970R. It is worth 
noting that ivacaftor is not approved for use in the G970R mutation. In Part A, there was 
a 28-day screening period followed by a four day treatment period, where eligible 
patients received either 50mg (<14kg) or 75mg (≥14kg) of ivacaftor granules q12 hours. 
During the four day treatment period, PK samples were collected before the morning 
doses on day 1 and before the morning dose and at 2, 3, 6, 8, and 24-60 hours after the 
morning dose on day 4. Patients received an ophthalmologic exam prior the first dose 
and 12-weeks after the last dose. 

In Part B, there was also a 28-day screening period. This was followed by a 24-week
open-label treatment period where patients recieved IVA 75mg or 50mg depending on 
weight. Study visits occurred at day 1 and weeks 2, 4, 8, 12, 16, 20, 24, and 24+1 day. 
For patients who had not participated in part A, an ophthalmologic exam was performed 
prior to the initial dose and at week 12 and 24. Following the treatment period all 
patients were allowed to continue in the open-label extension study (109). The trial 
schematic for Parts A and B are summarized in Figure 2. See appendix 9.5 for 
assessment schedule.
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4. Colonization with organisms associated with more rapid decline in pulmonary 
status (e.g. Burkholderia cenocepacia, Burkholderia dolosa, and Mycobacterium 
abscessus)

5. Presence of a lens opacity or cataract identified at the screening ophthalmologic 
examination, or an inability to undergo an adequate slit lamp examination.

Key Patient Removal Criteria
Patients were discontinued from the trial if any of the following criteria were met:

1. A subject had 1 of the following and no alternative etiology (e.g., viral hepatitis) 
for the elevated transaminase is identified, regardless of whether ALT or AST 
levels had improved:

 An elevated ALT or AST of >8 × ULN
 ALT or AST >5 × ULN for more than 2 weeks
 An elevation of ALT or AST >3 × ULN in association with total bilirubin >2x

ULN and/or clinical jaundice
2. Patient develops a lens opacity or cataract

Patients may have been discontinued from the trial after discussion with the Vertex 
medical monitor if any of the following criteria were met:

1. A patient developed a medical condition that required prolonged concomitant 
therapy with a prohibited medication or prolonged interruption of the study drug.

2. A patient developed a life-threatening adverse event, or a serious adverse event
(SAE) that placed them at immediate risk.

3. A subject had an increase in liver function tests ([LFTs] ALT, AST, GGT, alkaline 
phosphatase, or total bilirubin) to 3 × ULN (if the baseline LFTs are normal) or an 
increase that exceeded an absolute value of 5 × ULN (regardless of whether 
baseline LFTs are normal on Day 1).

Treatments
The ivacaftor dose in study 108 was 50 mg q12 for patients <14kg and 75mg for those 
≥14kg.

Concomitant Medications/Prohibited Medications:
Restricted medications included any CYP3A inhibitors and inducers and 
grapefruit/grapefruit juice at least 14 days before day 1 of Part A or B and throughout 
the treatment period.

Endpoint Parameters (Part B)
Primary endpoint (safety)
This primary objective of this trial was evaluation of long-term safety. Safety was 
determined by adverse events (AE), clinical labs, ECGs, vital signs, ophthalmologic 
assessments, and physical exams.
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Ophthalmologic assessments were performed during this study by a license 
ophthalmologist or optometrist. The assessment included the following:

 visual acuity each eye
 lens refracting power
 slit lamp exam
 fundoscopic exam
 Intraocular pressure 

Secondary endpoints 
The secondary endpoints were as follows:

 PK parameter estimation of ivacaftor and metabolites M1 and M6
 Absolute change from baseline in sweat chloride through 24-weeks of treatment. 
 Absolute change from baseline in weight at 24-weeks of treatment
 Absolute change from baseline in stature at 24-weeks of treatment
 Absolute change from baseline in BMI at 24-weeks of treatment

Tertiary endpoints
The tertiary endpoints were as follows:

 Weight-for-age z-score
 Stature-for-age z-score
 BMI-for-age z-score
 Qualitative microbiology cultures
 Pulmonary exacerbations 
 Unplanned antibiotic therapy
 Hospitalizations
 Outpatient sick visits
 Spirometry
 Fecal elastase-1
 Immunoreactive trypsinogen
 Palatability of the granules

For this study, there were two exacerbation definitions which were as follows:

Definition 1: Treatment with antibiotics (any route) and at least 1 or more of the criteria 
from List A or List B (below), within three days before antibiotic start date through 
antibiotic stop date.

Definition 2: Treatment with antibiotics (any route) and fulfillment of 1 criteria from List A 
or 2 from List B (below), within three days before antibiotic start date through antibiotic 
stop date.

List A
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 Decrease in FEV1 ≥10% change from highest value in the past 6 months 
before the first dose, unresponsive to albuterol (if applicable)

 Oxygen saturation <90% on room air or ≥5% decrease from baseline
 New lobar infiltrate(s) or atelectasis on chest x-ray
 Hemoptysis (more than streaks on more than 1 occasion in past week)

List B
 Increased work of breathing or respiratory rate (duration ≥3 days)
 New or increased adventitial sounds on lung exam (duration ≥3 days)
 Weight loss ≥5% decrease from highest value or decrease across 1 major 

percentile for age in past 6 months
 Increased cough (duration ≥3 days)
 Worked harder to breathe during physical activity (duration ≥3 days)
 Increased chest congestion or change in sputum (duration ≥3 days)

The definition for exacerbation in this study differs from that used in studies used to 
support previous ivacaftor approvals. The previous studies included similar types of 
symptoms, however included additional symptoms such as sinus tenderness, change in 
sinus discharge, and malaise/fatigue/lethargy. These were likely not included in this 
study’s criteria given the age group studied. This age group lacks fully formed sinuses 
and malaise/lethargy/fatigue would likely be difficult to characterize. Additionally, to be 
defined as an exacerbation in the previous ivacaftor studies, a patient was required to 
have at least 4 symptoms which trigger antibiotic treatment as compared to just 1 
(definition A) or 2 (definition B). 

Compliance:
Compliance was assessed by calculating the percentage of medication packets
consumed relative to the number of packets expected to be consumed.

Ethics:
This trial was conducted according to the principles of Good Clinical Practice, the World 
Medical Association Declaration of Helsinki (1989), and ICH guidelines. An institutional 
review board reviewed and approved this protocol. No changes were made without the 
IRB’s approval. 

Statistical Analysis
Safety Analysis
Analysis of safety was descriptive with no formal statistical testing. 

Efficacy Analysis
The majority of the efficacy related variable were analyzed as continuous variables 
using descriptive summary statistics and presented by visit and treatment. For 
hospitalization and exacerbation, time to first event analysis was also performed.
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Because all analyses were performed using open-label data and given the lack of a 
comparator arm, interpretation of the efficacy data is difficult. 

Protocol Amendments
This protocol was amended 4 times. Pertinent changes are summarized. The first 
amendment was dated August 7, 2012. The major changes in this amendment included 
the addition of ophthalmologic exams. The second and third amendments were 
submitted on November 2, 2012, and November 9, 2012. Major changes included 
requiring the ophthalmologic exam to be performed by an ophthalmologist and use of 
the Lens Opacities Classification System III grading scale. The final amendment 
submitted on May 8. 2013, removed the upper limit on the number of patients that could 
be enrolled and added text to specify that the Data Monitoring Committee would be 
notified if a lens opacity or cataract were identified. 

6 Review of Efficacy

Efficacy Summary

Ivacaftor tablets (NDA 203,188) are approved for the treatment of CF patients aged 6 
years and older with the G551D, G1244E, G1349D, G178R, G551S, S1251N, S1255P, 
S549N, S549R, or R117H mutation in the CFTR gene at a dose of 150mg once every 
12 hours. In this NDA, Vertex has submitted data from a pharmacokinetic and safety 
study (study 108) to support the use of ivacaftor granules in patients 2 to 5 years in age. 
This formulation is more age appropriate than tablets, as the patients in this age group 
often cannot swallow tablets and this formulation can be administered mixed with food 
or liquid. Study 108 was an open-label, uncontrolled, two-part pharmacokinetic (PK, part 
A) and safety (part B) study in patients 2 to 5 years in age. In part A, results 
demonstrated that when ivacaftor was administered at 75mg for patients ≥14kg and at 
50mg for patients <14kg every 12 hours for 4-days, systemic exposures matched that 
seen for ivacaftor tablets (150mg q12) in the adolescent/adult population.  Because of 
the similar exposures and because the disease process in the older population is the 
same as that in the 2 to 5 year old population, efficacy in the proposed age group was
extrapolated from the ivacaftor tablet development program.

6.1 Indication

The proposed indication for ivacaftor granules is for the treatment of cystic fibrosis 
patients aged 2 to 5 years with G551D, G1244E, G1349D, G178R, G551S, S1251N,
S1255P, S549N, S549R, or R117H mutation in the CFTR gene at a dose of 75mg q12 
hours for patients ≥14kg and 50mg q12 hours for patients <14kg. Ivacaftor tablets (NDA
203-188) are currently approved to treat CF patients ≥6 years of age with the same 
mutations. 
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6.1.1 Methods

Because efficacy in the 2 to 5 year old age group can be extrapolated from the older 
age groups, study 108 was considered to be primarily a PK and safety study. However, 
the Applicant has submitted supportive efficacy data from study 108. Study 108 was a 
two-part, non-randomized, uncontrolled, open-label PK (part A) and safety (part B) 
study. Because the primary objective of part A was determination of PK and because 
the treatment period was only 4-days, this review will focus on part B. The primary 
endpoint in part B was safety. Secondary efficacy/pharmacodynamic endpoints included 
sweat chloride, weight, stature, BMI, exacerbations, and percent predicted FEV1 
(PPFEV1) (in those patients who could perform spirometry).
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 Absolute change from baseline in stature at 24-weeks of treatment
 Absolute change from baseline in BMI at 24-weeks of treatment

For sweat chloride, decreases from baseline were seen in both ivacaftor treatment 
groups within 2-weeks of treatment (IVA 50mg= -39mmol/L; IVA 75mg= -45.8mmol/L). 
This initial decrease was sustained over the 24-week treatment period. Sweat chloride 
results are summarized in Figure 3.

Figure 3. Sweat chloride over the 24-week treatment period

Source: Study 108 CSR; figure 14.2.1.1b; pg656

While there is no placebo control for comparison, these data would imply that IVA in this 
age group has a pharmacodynamic effect within 2-weeks of treatment. This is 
consistent with previous IVA studies in which ivacaftor demonstrated efficacy, where 
similar sweat chloride responses were observed within 2-weeks of treatment and 
sustained for up to 48-week treatment periods.

With regard to absolute change from baseline in weight, at week 24, both IVA dose 
groups demonstrated absolute increases in weight compared to their own baseline (IVA 
50mg= 1.0kg; IVA 75mg= 1.5kg). At week 24, absolute increases in stature were also 
observed (IVA 50mg=2.5cm; IVA 75mg=3.5cm). However, whether or not this was 
related to treatment is uncertain, as there was no placebo group and as the studied age 
group is actively growing. Based on CDC growth charts for healthy children, the 
average weight gain during every 6-month period for children between the age of 2-6 
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were in the 75mg group. At week 24, the change from baseline in PPFEV1 was -12.5% 
and 4.3% in the IVA 50mg and IVA 75mg groups. Given the age of the patients, the 
reliability of the spirometry data is questionable, especially in the IVA 50mg group. 

Vertex also reported change from baseline in qualitative microbiology cultures, fecal 
elastase, and immunoreactive trypsinogen (IRT). For qualitative microbiology cultures, 
no trends for increased or decreased growth were noted. For fecal elastase, values 
were increased at week 24, and for IRT values were decreased at week 24.  While 
there were changes in these values, the clinical relevance of these changes are 
unknown. 

6.1.7 Subpopulations

The Applicant performed subgroup analysis based on baseline PPFEV1 severity, 
geographic region, age, and sex. Subgroup analyses were non-informative.

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations

Dosing for ivacaftor granules in this age group was determined based on PK data from 
Part A of this trial. The proposed per kilogram dosing resulted in similar systemic 
exposure compared to the adult/adolescent population. See the Clinical Pharmacology 
Review for a more in depth discussion of dosing. 

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects

While sweat chloride is not a surrogate for efficacy, changes in sweat chloride 
demonstrate a pharmacodynamic effect. The persistence of sweat chloride changes 
over the 24-week treatment period in both IVA treatment groups, demonstrate that 
tolerance to IVA would likely not develop over time. This is consistent with data from the 
older population.

6.1.10 Additional Efficacy Issues/Analyses

none

7 Review of Safety

Safety Summary

Vertex has submitted data from study 108 to support the safety of ivacaftor granules in 
CF patients 2 to 5 years in age. In the ivacaftor tablet (NDA 203188) initial clinical trials, 
elevations in transaminases were observed, and while they were occurred in both 
placebo and active treatment groups, there were more liver related SAEs in patients 
who received ivacaftor. Concerns were also raised regarding significant drug-drug 
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interactions with CYP3A inducers, inhibitors, and substrates. Based on analysis of 
deaths, SAEs, and AEs; no new safety signals were identified. With regard to lab 
evaluations, in the 2 to 5 year old population, transaminase elevations were observed 
more frequently in patients with baseline elevated transaminases.

7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

Study 108 was used to evaluate safety in the 2 to 5 year old age group. This study was 
a 2-part (A and B) open-label, non-randomized study in CF patients with “gating” 
mutations. As Part A only included a 4 day treatment period, this section will only 
include a discussion of safety data from Part B which included a 24-week treatment 
period. 

7.1.2 Categorization of Adverse Events

The sponsor defined an adverse event (AE) as any untoward medical occurrence in a 
patient during the study, which does not require a causal relationship with study drug. 
Any abnormal laboratory assessment, ECG, vital sign or physical exam finding that was 
judged by the investigator as clinically significant worsening from baseline were to be 
reported as adverse events. Adverse events were classified using MedDRA Version 
15.1.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence

No pooling of data was performed as only a single study was evaluated.

7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations

A total of 34 patients were exposed to IVA in study 108. The majority of patients were 
exposed to ivacaftor for ≥24 weeks. The extent of exposure in study 108 is summarized 
in Table 5.
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Patient 08-002-03:
This was a 2 year old male (wt.11.9kg) assigned to the IVA 50mg treatment group. This 
patient also had a history of elevated LFTs during viral infections with ALT elevations of 
8x ULN. At screening (8/15/1013) this patient had an ALT >3x ULN (113 U/L). On 
8/26/13, baseline LFTs were repeated and the patient was started on IVA 50mg, 
however, IVA was discontinued two days later as baseline ALT was found to be 
elevated [ALT>8x ULN (244 U/L)]. When LFTs were reassessed on 9/03/13, the ALT 
continued to be elevated (366 U/L). The patient also reported the AE of cough. The 
patient remained off of ivacaftor. When LFTs were reassessed on 10/25/13, the ALT 
was reported at normal (57 U/L) and ivacaftor was restarted. Following resumption of 
dosing, there was some increase in ALT, but not to the extent that was previously 
observed.

Patient 08-021-01:
This patient was a 4 year-old male (14.4kg) with a history of elevated LFTs. In Part B, at 
baseline (8/01/13), the patient was noted to have an ALT of 100 U/L (5x ULN), with a 
normal AST. After approximately 20-weeks of treatment, the patient’s ALT was noted to 
be 327 U/L (>8x ULN) and dosing was interrupted. Within approximately 2-weeks, the 
patient’s ALT returned to baseline. A hepatologist was consulted who concluded that 
IVA related elevation could not be ruled out, but that the elevations could have also 
been related to underlying CF.

Patient 08-028-03:
This patient was a 2 year old male (12.4 kg) with a history of LFT elevations since 6-
months of age. At Part B baseline, the patient was noted to have an ALT of 144 U/L 
(>3x ULN) and an AST of 78 U/L. Following 2-weeks of treatment, the ALT had risen to 
389 U/L (>8x ULN) and the AST to 231 U/L (3x ULN). IVA was permanently 
discontinued. A liver biopsy was performed which showed non-specific findings. 
Approximately 2 months after discontinuation, the patient’s ALT returned to normal 
range. 

Patient 08-074-01:
This patient was a 5 year old male (16kg) with a history of mild LFT elevations. At 
baseline LFTs were normal. After 24-weeks of treatment, both the patient’s ALT and 
AST were elevated at >8x ULN and >5x ULN, respectively. 

Patient 08-203-01:
This was a 3-year old female (13.3kg) with a history of CF-related liver disease who was 
on Ursodiol. This patient had an ALT of 209 U/L at Part B baseline. During the 24-week 
treatment period, IVA dosing was interrupted and restarted 3 times due to changes in 
patient LFTs. 

Note that in all 5 cases of LFT elevations >8x ULN in this study, associated increases in 
bilirubin, alkaline phosphatase, or GGT were not observed. While there was a higher 
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Hepatic enzyme increased 2 (20.0) 0 2 (5.9)
Activated partial thromboplastin
time prolonged

1 (10.0) 0 1 (2.9)

Antibiotic resistant Staphylococcus 
test positive

1 (10.0) 0 1 (2.9)

Pseudomonas test positive 1 (10.0) 0 1 (2.9)
Respiratory rate increased 1 (10.0) 0 1 (2.9)
Transaminases increased 1 (10.0) 0 1 (2.9)

Skin and subcutaneous tissue 
disorders

5 (50.0) 3 (12.5) 8 (23.5)

Rash 2 (20.0) 2 (8.3) 4 (11.8)
Dermatitis contact 1 (10.0) 0 1 (2.9)
Skin irritation 1 (10.0) 0 1 (2.9)
Urticaria 1 (10.0) 0 1 (2.9)

General disorders and
administrative site conditions

4 (40.0) 3 (12.5) 7 (20.6)

Pyrexia 4 (40.0) 2 (8.3) 6 (17.6)
Metabolism and nutrition disorders 1 (10.0) 2 (8.3) 3 (8.8)

Decreased appetite 1 (10.0) 1 (4.2) 2 (5.9)
Renal and urinary disorders 1 (10.0) 1 (4.2) 2 (5.9)

Chromaturia 1 (10.0) 0 1 (2.9)
Blood and lymphatic system disorders 1 (10.0) 0 1 (2.9)

Lymphadenopathy 1 (10.0) 0 1 (2.9)

Source: study 108 CSR; table 12-10; pp137-138

7.4.2 Laboratory Findings

Routine clinical testing for this safety program included evaluations of hematology, 
serum chemistries including liver transaminases (discussed in section 7.3.5), 
coagulation studies, and urinalyses. No laboratory abnormalities resulted in study drug 
discontinuation, aside from the single discontinuation due to LFT elevations described in 
section 7.3.3.

7.4.3 Vital Signs

Vertex presented mean values for heart rate, blood pressure, body temperature, and 
oxygen saturations for both IVA groups. No clinically relevant changes from baseline 
were noted.

7.4.4 Electrocardiograms (ECGs)

Summary statistics of heart rate, PR interval, RR interval, QRS duration, QT, QTcF, and 
QTcB for each IVA treatment group was provided by the sponsor. Differences between 
treatment groups were minimal. Shift table analysis was also unrevealing. 
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7.4.5 Special Safety Studies/Clinical Trials

Not performed

7.4.6 Immunogenicity

Not performed

7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events

While this study included two doses, systemic exposure was similar between the two 
dose groups. As such, conclusions regarding dose dependent effects cannot be made.

7.5.2 Time Dependency for Adverse Events

No formal analysis was performed.

7.5.3 Drug-Demographic Interactions

The sponsor compared adverse event data between subgroups based on age, sex, and 
baseline FEV1. In general, the pattern of adverse events between subgroups was
similar to that of the overall population.

7.5.4 Drug-Disease Interactions

Drug-Disease interaction data for ivacaftor is summarized in section 8 and 12 of the 
approved label. Drug-disease interactions were not studied in study 108

7.5.5 Drug-Drug Interactions

Drug-Drug interaction data for ivacaftor is summarized in sections 7 and 12 of the 
approved label. Drug-Drug interactions were not studied in study 108

7.6 Additional Safety Evaluations

7.6.1 Human Carcinogenicity

No human carcinogenicity studies have been performed for ivacaftor
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7.6.2 Human Reproduction and Pregnancy Data

Not applicable

7.6.3 Pediatrics and Assessment of Effects on Growth

This trial included pediatric patients (2 to 5 years in age). Compared to historical 
controls (CDC growth charts), there did not appear to be detrimental effects on growth. 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

Not applicable

7.7 Additional Submissions / Safety Issues

None

8 Postmarket Experience

Ivacaftor was initially approved on January 31, 2012 for the G551D mutation. Since that
time until the date of this review, no new issues have been identified that would alter the 
risk-benefit profile in the approved indication.  
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9 Appendices

9.1 Literature Review/References

This reviewer searched PubMed with the search terms “cystic fibrosis,” “ivacaftor,” and 
“pediatric.”  A total of 26 articles were retrieved. No new safety signals were identified 
from this literature search.

9.2 Labeling Recommendations

Labeling negotiations are ongoing at the time of this review. Identified issues with the 
label include the presentation of open-label efficacy data in 2 to 5 year olds in Section 
14. As efficacy was extrapolated from the older population and not based on the open-
label data, inclusion in the label is not recommended. Additionally, as there is no 
comparator group, interpretation of this data is difficult. Further, the weight and stature 
data were consistent with normal growth and PPFEV1 data is generally not dependable 
in this age group. Additionally, in the 2 to 5 year old population, transaminase elevations 
were observed more frequently in patients with baseline elevated transaminases. 
Because of this Vertex includes in the label specific LFT monitoring for the 2 to 5 year 
old population. However, this observation may also be applicable to the general 
population and not specific to the 2 to 5 year population. As such, it is recommended 
that the proposed wording regarding LFT monitoring be edited to apply to the general 
population.  

9.3 Advisory Committee Meeting

An advisory committee meeting is not necessary for this NDA.

9.4 Clinical Investigator Financial Disclosure Review Template

Clinical Investigator Financial Disclosure
Review Template

Application Number:  206756

Submission Date(s):  9/17/1014

Applicant:  Vertex

Product:  Ivacaftor

Reviewer:  Robert Lim
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Date of Review:  2/20/15

Covered Clinical Study (Name and/or Number):  108

Was a list of clinical investigators provided:  Yes   No (Request list from 
applicant)

Total number of investigators identified:  90 (Primary and sub-investigators)

Number of investigators who are sponsor employees (including both full-time and 
part-time employees):  0

Number of investigators with disclosable financial interests/arrangements (Form FDA 
3455):  3

If there are investigators with disclosable financial interests/arrangements, identify 
the number of investigators with interests/arrangements in each category (as defined 
in 21 CFR 54.2(a), (b), (c) and (f)):

Compensation to the investigator for conducting the study where the value 
could be influenced by the outcome of the study:  

Significant payments of other sorts:  3

Proprietary interest in the product tested held by investigator:  0

Significant equity interest held by investigator in sponsor of covered study:  0

Is an attachment provided with 
details of the disclosable financial 
interests/arrangements:  

Yes   No (Request details from 
applicant)

Is a description of the steps taken to 
minimize potential bias provided:

Yes   No (Request information 
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 

Is an attachment provided with the 
reason:  

Yes   No (Request explanation 
from applicant)

From study 108, Vertex certified the absence of financial arrangements for 87 of the 
primary investigators and sub-investigators. In study 108, there was one principle and 
two sub-investigators with significant payments of other sorts: Drs.  

. These significant payments of other sorts were 
determined to not have a significant impact upon the conduct of this study. Enrollment 
at any particular site was relatively small compared to the overall number of patients. 
Additionally, removal of patients from these sites would not have affected interpretation 
of safety and efficacy was based on extrapolation from the older population.
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MEDICAL OFFICER REVIEW
Division Of Pulmonary and Allergy Drug Products (HFD-570)

APPLICATION: NDA 207925 CODE NAME: Kalydeco granules
APPLICANT/SPONSOR: Vertex USAN NAME: ivacaftor

MEDICAL OFFICER: Robert Lim, MD
TEAM LEADER: Anthony Durmowicz, MD CATEGORY: CFTR potentiator

DUE DATE: ROUTE: oral

SUBMISSIONS REVIEWED IN THIS DOCUMENT
Document Date CDER Stamp Date Submission Comments
09/17/14 09/17/14 NDA

RELATED APPLICATIONS
Document Date Application Type Comments

REVIEW SUMMARY:
Vertex has submitted a new NDA (207925) for ivacaftor granules which proposes to expand the 
indication for ivacaftor tablets (NDA 203188) to include the 2-5 year old age group (50mg q12 for <14 
kg, 75mg q12 for ≥14 kg). Ivacaftor tablets were approved on January 31, 2012, for the treatment of 
CF in patients ≥6 years of age who have a G551D mutation in the CFTR gene at a dose of 150mg 
every 12 hours with a fat-containing food. On February 21, 2014 in a subsequent sNDA (supplement 
004), the indication was expanded to include the following additional mutations: G1244E, G1349D, 
G178R, G551S, S1251N, S1255P, S549N, or S549R. Regulatory action for the R117H mutation is 
currently pending. In previous review cycles for ivacaftor there have been safety concerns regarding 
LFT elevations observed in the clinical studies, as well as cataracts observed in juvenile animal 
studies. In previous regulatory interactions, the Division agreed that efficacy in the 2-5 year old age 
group could be extrapolated from the ≥6 year old data from the ivacaftor tablet program, and that 
dosing for ivacaftor granules could be determined using systemic exposures. As such, the 
development program for ivacaftor granules consists primarily of a PK/PD/safety study (108) in the 
targeted age group. Study 108 included 2-parts (A and B). In part A, Vertex determined dosing by 
assessing PK parameters. Part B consisted of a 24-week open-label treatment period with the dosing 
determined in part A. The primary objective of part B was to demonstrate safety, although there were 
some efficacy related secondary endpoints. This submission was adequately indexed, organized, and 
complete to allow for review. The filing checklist and slides from the filing meeting held on 10/20/14 
are attached.

OUTSTANDING ISSUES:
Comment to sponsor:

“Efficacy for the 2-5 year old population is extrapolated from the existing data in the older population. 
As such, the inclusion of data from study 108 in section 14 of the label will be a review issue.”

RECOMMENDED REGULATORY ACTION
IND/NEW STUDIES: SAFE TO PROCEED CLINICAL HOLD

NDA/SUPPLEMENTS: X FILEABLE NOT FILEABLE

APPROVAL APPROVABLE NOT APPROVABLE

OTHER ACTION:
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1. Filing checklist

NDA/BLA Number: 207925 Applicant: Vertex Stamp Date: 9/17/14

Drug Name: Ivacaftor Granules NDA/BLA Type: New

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes No NA Comment

FORMAT/ORGANIZATION/LEGIBILITY

1. Identify the general format that has been used for this 
application, e.g. electronic CTD.

XX eCTD

2. On its face, is the clinical section organized in a manner to 
allow substantive review to begin?

XX

3. Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin? 

XX

4. For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)?

XX

5. Are all documents submitted in English or are English 
translations provided when necessary?

XX

6. Is the clinical section legible so that substantive review can 
begin?

XX

LABELING

7. Has the applicant submitted the design of the development 
package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies?

XX

SUMMARIES

8. Has the applicant submitted all the required discipline 
summaries (i.e., Module 2 summaries)?

XX

9. Has the applicant submitted the integrated summary of 
safety (ISS)?

XX

10. Has the applicant submitted the integrated summary of 
efficacy (ISE)?

XX

11. Has the applicant submitted a benefit-risk analysis for the 
product?

XX

12. Indicate if the Application is a 505(b)(1) or a 505(b)(2).  If 
Application is a 505(b)(2) and if appropriate, what is the 
reference drug?

505 (b)(2). Ivacaftor 
tablets (NDA 203188)
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Content Parameter Yes No NA Comment

DOSE

13. If needed, has the applicant made an appropriate attempt to 
determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)?

Study Number: 

XX

EFFICACY

14. Do there appear to be the requisite number of adequate and 
well-controlled studies in the application?

XX

15. Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling?

XX Efficacy is 
extrapolated from the 
ivacaftor tablet (NDA 
203188) efficacy data 
in the  ≥6 year old 
population

16. Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints.

XX

17. Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission?

This is a subset of an 
orphan population. As 
such use of non-U.S. 
sites was required.

SAFETY

18. Has the applicant presented the safety data in a manner 
consistent with Center guidelines and/or in a manner 
previously requested by the Division?

XX

19. Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)?

XX This was assessed in 
the NDA 203188 
(ivacaftor tablets)

20. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product?

XX

21. For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious?

XX Given the fact that this 
is for an orphan 
indication, an adequate 
safety database has 
been established.

22. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 

XX Drug is chronically 
administered.

                                                
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 patients 
for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose range believed 
to be efficacious.
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Content Parameter Yes No NA Comment

exposed as requested by the Division?

23. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms?

XX

24. Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs?

XX

25. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)?

XX

OTHER STUDIES

26. Has the applicant submitted all special studies/data 
requested by the Division during pre-submission 
discussions?

XX

27. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)?

XX

PEDIATRIC USE

28. Has the applicant submitted the pediatric assessment, or 
provided documentation for a waiver and/or deferral?

XX This is an Orphan 
disease

ABUSE LIABILITY

29. If relevant, has the applicant submitted information to 
assess the abuse liability of the product?

XX

FOREIGN STUDIES

30. Has the applicant submitted a rationale for assuming the 
applicability of foreign data in the submission to the U.S. 
population?

XX Orphan disease

DATASETS

31. Has the applicant submitted datasets in a format to allow 
reasonable review of the patient data? 

XX

32. Has the applicant submitted datasets in the format agreed to 
previously by the Division?

XX

33. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested?

XX

34. Are all datasets to support the critical safety analyses 
available and complete?

XX

35. For the major derived or composite endpoints, are all of the XX

                                                
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to which 
they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted as needed; 
however, if it is submitted as a PDF document, it should be submitted in both directions (verbatim -> preferred 
and preferred -> verbatim).
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Content Parameter Yes No NA Comment

raw data needed to derive these endpoints included? 

CASE REPORT FORMS

36. Has the applicant submitted all required Case Report Forms 
in a legible format (deaths, serious adverse events, and 
adverse dropouts)?

XX

37. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division?

XX

FINANCIAL DISCLOSURE

38. Has the applicant submitted the required Financial 
Disclosure information?

XX

GOOD CLINICAL PRACTICE

39. Is there a statement of Good Clinical Practice; that all 
clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures?

XX Included in the CSR

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ___yes_____

If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day 
letter.

Comments to the Applicant:

Efficacy for the 2-5 year old population is extrapolated from the existing data in the older population. As such, 
the inclusion of data from study 108 in section 14 of the label will be a review issue.

Reviewing Medical Officer Date

Clinical Team Leader Date
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