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mutations (such as G551D) create proteins that reach the cell surface, but do not activate 
normally and are termed “gating mutations”.  
 
Ivacaftor acts to restoring some of the defective function of the CFTR protein that reaches the 
cell surface by increasing the probability of the channel being open, ultimately enhancing 
chloride transport.  Ivacaftor’s action is highly selective to the protein that has mutations in the 
G551D gene, and therefore it does not have any effect on CFTR function in patients that are 
homozygous for other mutations that do not reach the cell-surface (the most common of which 
is the F508-del mutation).  The proposed dosage regimen is 150 mg orally every 12 hours with 
fat-containing food.  
 
The efficacy of ivacaftor was demonstrated in two trials, one in children aged 6-11 years and a 
second in patients greater than 12 years old.  Both trials were of 48 weeks duration and 
demonstrated improvement in lung function (FEV1) which was the primary endpoint.  
Clinically important secondary endpoints such as delayed time to first pulmonary exacerbation 
and improvement in weight gain were also demonstrated. 
 
Adverse events were generally well-tolerated.  Pre-clinical studies revealed dose-related 
hepatic toxicities in rodents with an adequate margin of safety.  Clinical studies did not reveal 
overt hepatic toxicity, although the trials were small.  The sponsor has proposed labeling to 
monitor hepatic function.   
 
Overall, there is a robust clinical benefit for ivacaftor.  It is premature to know if this will 
result in improved survival, but use of ivacaftor does have cause for optimism, at least in the 
small percentage of patients with CF for which it is intended.  While there was not overt 
hepatic toxicity noted, there may be some subtle changes (increased shift of AST?) such that 
this issue may need further observation for the potential for rare liver toxicity.  However, due 
to the limited population (N 1200) that will receive this drug it is unlikely this issue could be 
further explored or defined before approval.  Also, due to the limited population that will 
receive ivacaftor, there will be limited patients placed at risk should rare events be noted to 
occur associated with drug use.  At present, available therapies only manage downstream 
consequences of CF (the result of diminished CFTR function) and there are not any other 
therapies that may actually treat the underlying cause of CF.  As ivacaftor is targeted for the 
cause of CF, there clearly is a favorable risk:benefit consideration that allows approval and 
marketing.  
 
Efficacy 
 
Efficacy has been thoroughly covered by Drs. Hoberman, Durmowicz, Chowdhury and 
Witzmann and I will not present this in detail.  There were two Phase 3 Trials, 102 (subjects 
12 years and older) and 103 (subjects 6 to 11 years old) which had a primary endpoint of 
absolute change in percent predicted FEV1 through week 24.  Important secondary endpoints 
evaluated included time to first pulmonary exacerbation (Trial 102 only) and change in weight, 
all measured through weeks 24 and 48.  Also evaluated were CFQ-R scores (respiratory health 
domain only as the CFQ-R is not a validated PRO by the Agency) and change in sweat 
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chloride concentration.  Below are two tables summarizing the results from Dr. Hoberman’s 
review (Page 13-14). 
 
Table 1: Study 102: Results for Primary and Secondary Efficacy Endpoints – Full Analysis Set 

 
Source: Module 2.7.3 Summary of Clinical Efficacy page 25 
 

Table 2: Study 103b: Results for Primary and Secondary Efficacy Endpoints – Full Analysis Set 

 
Source: Module 2.7.3 Summary of Clinical Efficacy page 33 
 
The primary method of analysis used by the sponsor was Mixed Model Repeated Measures 
(MMRM).  There was little missing data and multiple other imputation methods demonstrated 
compared results (table below from Dr. Hoberman’s review, Page 15).  These analyses 
demonstrated that the results were robust regardless of the statistical methodology, removing 
any potential controversy over imputation method for this application.  
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Table 3: Study 102: Absolute Change From Baseline in Percent Predicted FEV1, Week 24, 
Sensitivity Analysis, Full Analysis Set 
 

 
Source: Study 102 Study Report page 114 
 
 
As can be seen above in the first two tables, the absolute change in per cent predicted FEV1 
was about 10-12% depending upon the trial.  This change was apparent by Day 15 and for the 
most part maintained through Week 48.  Using Trial 102 as an example, this equates to a mean 
absolute change in per cent predicted FEV1 from baseline through Week 24 of 10.4% for the 
ivacaftor group compared to -0.2% for the placebo group (Patients with CF typically have 
declines of 1-4% per year).  Trial 103 demonstrated similar results.  This is an impressive 
increase in FEV1 and would be considered by most to be clinically important.  Secondary 
endpoints for both trials were supportive of the primary endpoint and represented clinically 
important findings.  As an example, Study 102 the pulmonary exacerbation-free rate was 78% 
and 67% in the ivacaftor groups through Week 24 and Week 48, compared to 51% and 41% in 
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the placebo group for the same time periods.  Mean change in weight was 3.1 kg in the 
ivacaftor group compared to 0.4 kg in the placebo group at Week 48.  While perhaps not an 
indication of a clinically important endpoint, it is provocative that the mean change in sweat 
chloride concentration was -48.7 mmol/L in the ivacaftor group versus -0.6 mmol/L in the 
placebo group (baseline median values were 100) from baseline through Week 48 (>60 
mmol/L positive for CF, < 40 mmol/L for older children and adults and <30 mmol/L for 
infants considered normal).  As mentioned, while the changes in sweat chloride demonstrate 
pharmacodynamic relevance, it is also instructive that that there is not a correlation between 
FEV1 improvement and sweat chloride change as noted in the graph below (Dr. Chowdhury’s 
review, page 6). 
 
 

 
  
Figure 1.   Scatter plot of absolute change from baseline in percent predicted FEV1 and absolute change 
from baseline in sweat chloride for study 102.  

 
Therefore, change in sweat chloride, while of interest, may not be predictive of outcome. 
There was a positive correlation between FEV1 function and change in weight (although 
weak).  There were 18 subjects that received ivacaftor while not achieving a change from 
baseline in FEV1 of at least 5% at Week 24.  For the “non-responders” to ivacaftor use as 
measured by FEV1, an examination of covariates did not reveal any patterns.  However, within 
this group, 13 subjects did have a weight gain greater than the mean of the overall group and 
also had the same improvement in pulmonary exacerbation rates as the drug treated group.  
This indicates that if the subject had an improvement in FEV1, or a weight increase, the rate of 
pulmonary exacerbation rates improved as well. 
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it would be reasonable to recommend monitoring of liver function as the sponsor has 
suggested (because of the pre-clinical finding) during treatment with ivacaftor. 
 
Other common adverse events more common with ivacaftor use than placebo use included 
headache, rash, dizziness and upper respiratory tract. 
 
Ivacaftor is metabolized by CYP 3A, and has the potential to interact with several classes of 
drugs that interact with this pathway. 

Advisory Committee Meeting 

An Advisory Committee Meeting was deemed unnecessary as outside expertise was not 
necessary; there were no controversial issues that would benefit from advisory committee 
discussion.  Also, ivacaftor use did not raise significant public health questions regarding its 
use in the approximately 1200 patients for which it is indicated. 

Conclusions and Recommendations 
 
Ivacaftor has demonstrate robust efficacy as measured by lung function and supported by 
secondary endpoints such as decreased pulmonary exacerbations and improved weight gain.  
While it is premature to know if ivacaftor will alter the course and outcome of CF in patients 
with the G551D genetic defect, based on its action at the ‘root’ of the problem there is great 
potential that this therapy may be a ‘game-changer’ in the small subgroup of patients with at 
least one G551D allele defect.  As is always the case, no drug therapy is without risk, some 
known and some theoretical.  Such is also the case with ivacaftor.  While most of the adverse 
events were common, non-serious and reversible, there is a small, but real, concern regarding 
potential for hepatic toxicity.  The database is too small for ivacaftor to know if this concern is 
real.  However, given the clear benefit, lack of any other therapy that may alter the long-term 
outcome of CF, and limited exposure to the population ( 1200 patients), there clearly exists a 
favorable risk:benefit calculation that allows marketing with adequate clinical monitoring.   
 
I recommend Approval with appropriate labeling. 
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