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patients have a median age of survival of the mid-30s.  Present therapies for the F508D
mutation only treat symptoms and sequelae of the disease and include antibiotics (both 
systemic and inhaled) for pulmonary infections, mucolytics to thin secretions, oral pancreatic 
enzymes to aid in nutrient absorption and bronchodilators to aid in breathing.

Mutations in the CFTR gene can result in reduced quantity and/or quality of the CFTR protein.  
They have been loosely categorized into classes based on how they affect the CFTR. 
TheF508del mutation has been designated as a Class 2 mutation; it results in improper folding 
and processing of the CFTR protein leading to degradation in the endoplasmic reticulum and 
failure of the majority of protein to reach the cell-surface membrane. It is the most common
mutation in the CFTR gene with 87% of all patients in United States having at least one allele
affected and 50% having both affected.

A person with F508del CFTR mutation on one or both alleles has deletion of the three 
nucleotides that code for phenylalanine at position 508.  It is thought that the F508del mutation 
results in a truncated protein that does not fold correctly with resultant degradation of the 
majority of the protein.  The small amount of protein that does reach the cell surface has 
reduced function with decreased open-ion channel probability.  

The efficacy of LUM/IVA was demonstrated in two trials.  Both trials were of 24 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 supported efficacy.  Adverse events were generally well-tolerated.  

Overall, there is clinical benefit for LUM/IVA.  It is unclear whether each component is 
contributing to this effect, which will be discussed in detail later.  The effect size is minimal 
when compared to that demonstrated with IVA in the G551D mutation, a CF population for 
which ivacaftor monotherapy has already been approved.  However, any benefit provided to 
this patient population is readily welcomed as patients with the F508del mutation at present
only have therapies that manage downstream consequences of CF (the result of diminished 
CFTR function) and without any effect on the underlying cause and LUM/IVA is targeted to 
have effect on 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. Zeng, Petullo, Lim, Durmowicz and Chowdhury 
and I will not present this in detail.  There were two replicated randomized parallel arm trials, 
VX12-809-103 (103) and VX12-809-104 (104).  Two different doses were explored (LUM 
400mg/IVA 250mg q 12h, LUM 600mg qd/IVA 250mg q 12h) and both doses and trials 
provided statistically significant benefits over placebo on the primary endpoint of absolute 
change from baseline in percent predicted forced expiratory volume in 1 second (FEV1) at 
Week 241.  Secondary endpoints provided supportive evidence of efficacy.  The study design
and primary endpoint results are summarized below (from Dr. Zeng’s review, pages 9 and 16).

                                                
1 Average of treatment effects at Week 16 and Week 24.
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Figure 1. Schematic of the study design for studies 809-103 and 809-104

Source: Clinical Overview, Figure 1

Table 1. Absolute change from baseline in ppFEV1 at Week 24*, FAS

Statistics

Study 809-103 Study 809-104

Placebo
LUM 600
/IVA 250

LUM 400
/IVA 250 Placebo

LUM 600
/IVA 250

LUM 400
/IVA 250

Baseline
N 181 182 180 185 184 185
Mean (SD) 60.5 (13.2) 61.2 (13.3) 60.5 (14.3) 60.4 (14.3) 60.5 (13.8) 60.6 (14.0)

Absolute ∆ from baseline at Week 24*
N 180 176 172 183 181 180
Mean (SD) -0.6 (6.5) 3.5 (7.0) 2.1 (7.1) -0.5 (6.6) 2.2 (7.5) 2.6 (6.7)
Applicant
LS mean within-group change (SE)      -0.4 (0.5) 3.6 (0.5) 2.2 (0.5) -0.2 (0.5) 2.5 (0.5) 2.9 (0.5)
LS mean difference vs placebo (95% CI) NA 4.0 

(2.6, 5.4)
P<0.0001

2.6 
(1.2, 4.0)
P=0.0003

NA 2.6 
(1.2, 4.1)
P=0.0004

3.0
(1.6, 4.4)

P<0.0001
Reviewer
LS mean within-group change (SE)      -0.5 (0.5) 3.6 (0.5) 2.1 (0.5) -0.2 (0.5) 2.3 (0.6) 2.8 (0.5)
LS mean difference vs placebo (95% CI) NA 4.1

(2.7, 5.5)
P<0.0001

2.7
(1.2, 4.1)

P=0.0003

NA 2.5 
(1.0, 4.0)
P=0.0008

3.0 
(1.5, 4.4)
P<0.0001

*Assessed as the average of the treatment effects at Week 16 and at Week 24
Source: Reviewer

In study 809-103, the average treatment effect over placebo was 4.0% for LUM 600mg
qd/IVA 250mg q12h and 2.6% for LUM 400mg /IVA 250mg q12h, respectively. In study 809-
104, the average treatment effect above placebo was 2.6% for LUM 600mg qd/IVA 250mg
q12h and 3.0% for LUM 400mg /IVA 250mg q12h, respectively.  A responder analysis 
generated by Dr. Zeng (page 17) demonstrates a greater percentage of subjects taking 
LUM/IVA at all levels of response.

Figure 1. Absolute change from baseline in ppFEV1 at Week 24, FAS 
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250mg q12 and LUM 400mg/IVA 250mg q12 groups, respectively.  This is represented 
graphically below (from Dr. Lim’s review, page 22).

Figure 2. Study 809-102, Cohorts 2 and 3. Absolute change from baseline in percent 
predicted FEV1 (ppEFV1) at days 28 and 56 in F508del homozygous patients 

Source: FDA generated from data from module 2.7.2, Summary of Clinical Pharmacology, table 16,pg 70

Because of the safety concerns related to decrease in FEV1 demonstrated in this study, further 
comparison of LUM monotherapy to LUM/IVA was not required.2

During the development of IVA for patients with the G551D mutation (NDA 203,188), 
subjects homozygous for the F508del mutation (study 770-104)3 were also evaluated.  IVA 
demonstrated robust efficacy in CF patients who carried at least one G551D mutation in the 
CFTR gene. In contrast, subjects homozygous for the F508del mutation had effect sizes that 
were small in magnitude, although some point estimates were positive (e.g., FEV1 and 
exacerbation). Key results from these studies summarized in Table 4 (Dr. Lim’s review, page 
26).

2 It is perplexing that LUM monotherapy treatment decreased sweat chloride values but caused dose-dependent 
worsening (statistically significant) FEV1. This demonstrates  that improvements (decreases) in sweat chloride as 
a result of lumacaftor were not associated with clinical benefit (increase in FEV1). The cause of the LUM 
mediated dose-dependent in FEV1 is not known but LUM may have off-target effects not necessarily related to 
CFTR function.

3 This trial was not designed with formal power analysis to determine a sample size and has much less power than 
trials 103 and 104.
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(770-104) and were well below those demonstrated in Phase 2 evaluations.  This is 
demonstrated below in a table and figure from Dr. Petullo’s review (page 8).

Table 4. Summary of ppFEV1 at week 16 for all randomized and treated subjects

Study
ppFEV1, LSMEAN* (SE)

Time
Point placebo Ivacaftor 

(150 mg q12h)
LUM 400mg /

IVA 250mg q12h 
770-104 Baseline 73.2 (4.5) 76.9 (2.2) -

Absolute Change* -0.3 (1.5) 2.2 (0.8) -
Relative change#* -0.4 (2.1) 3.2 (1.1) -

809-103 Baseline 60.3 (1.0) - 60.5 (1.1)
Absolute Change -0.2 (0.6) -   2.6 (0.6)
Relative change# 0.3 (1.0) -   4.7 (1.0)

809-104 Baseline 60.2 (1.0) - 60.3 (1.1)
Absolute Change -0.7 (0.6) - 2.8 (0.6)
Relative change# -0.7 (1.0) - 5.4 (1.0)

  Source: Reviewer
  *ANCOVA with baseline ppFEV1, # Relative change is define as % change from baseline

Figure 1. Treatment effect for change in ppFEV1

The same is also seen for pulmonary exacerbations (Dr. Petullo’s review, page 10)

Table 6. Summary of pulmonary exacerbations
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Study
Exacerbations

Statistics placebo Ivacaftor 
(150 mg q12h)

LUM 400mg /
IVA 250mg q12h

770-104 n 28 112 -
days on study 3038 12504 -
Annual rate 1.2 0.73 -
Rate ratio - 0.61 -

SE 0.37 -

Integrated* n 371 - 369
days on study 62427 - 61,057
Annual rate 1.5 - 0.91
Rate ratio - - 0.62

SE - - 0.1
Source: Reviewer
*Studies 809-103 and 809-104

While this is a cross study comparison, it is difficult based on these results to confirm whether 
the treatment effect for the LUM/IVA combination is different than that observed for IVA 
monotherapy.  In an exploratory statistical analysis, Dr. Petullo concluded that the contribution 
of LUM to the efficacy of the proposed combination product had not been shown.  I agree this 
was an exploratory analysis and that it does raise concerns regarding the contribution of 
lumacaftor.  However this leaves us in a quandary where we have a completed program 
demonstrating efficacy of a combination drug product, while not perhaps having all the 
assurance that we would have typically developed during the program for inclusion with the 
submission.  Such assurance would have been developed during Phase 3, but for the reasons 
above, was not.  Considering the disease and available therapies, delaying submission for 
further evaluation of a product that demonstrated efficacy does not seem reasonable.

Safety

Most serious adverse events (SAEs) were related to pulmonary exacerbations of CF which 
occurred in approximately 13% of subjects receiving LUM/IVA and 24% of subjects receiving 
placebo.  Other SAEs were infrequent and did not appear to be drug related.  It is interesting to 
note, considering the adverse pulmonary effects that treatment with LUM alone expressed, that 
discontinuations that were pulmonary related were more frequent in the LUM/IVA group 
compared to placebo including bronchospasm (0.3% vs 0%) and dyspnea (0.3% vs 0%).  Also 
noted were increased frequency of respiratory symptoms and dyspnea of 23% and 10% 
compared to 8% and 3% in those receiving placebo.

IVA therapy alone is known to be associated with potential liver toxicity.  This was also 
demonstrated with IVA/LUM therapy in the form of more liver-related SAEs, AEs leading to 
discontinuation and transaminase elevations associated with bilirubin elevations.  There were 
three cases of ALT elevations greater than or equal to 3x and total bilirubin elevations greater 
than or equal to 2 times.  Two of these cases had reasons to account for this elevation.  The 
third case also had underlying considerations, making the diagnosis of Hy’s law difficult.  
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Considering the severity of the disease, lack of other effective therapies and ability to monitor 
for possible adverse liver effects, this finding does not impact approvability.

Common adverse events demonstrated increases with LUM/IVA therapy for dyspnea, 
abnormal respiration, flatulence and rash.

Advisory Committee Meeting

A Pulmonary Advisory Committee (PADAC) meeting was held on May 12, 2015.  The 
majority of committee members agreed that there was not adequate evidence to establish the 
contribution of each ingredient in the combination product.  Members voted for approval 12-1 
as they felt the overall program did demonstrate efficacy, with a unique mechanism of action, 
in a population in desperate need.  However, some members advised the agency that future 
combination products for CF should have a program that evaluates the contribution of each 
component.   

Conclusions and Recommendations

LUM/IVA has demonstrated clinical efficacy for patient homozygous for the F508del
mutation as measured by lung function and supported by secondary endpoints.  The mean 
effect size is small relative to that demonstrated by IVA for the G551D genetic defect.  
However there is a desperate need for those homozygous for the F508del defect, the action of 
the combination product is novel compared to what is available now and works upstream such 
that even though the effect is modest, any improvement is welcomed.  It is important also as 
the F508del defect affects the majority of patients with CF so this will impact a large portion 
afflicted with this disease.

There has been a great deal of internal discussion at all levels regarding whether the 
combination regulation has been met.  There is good reason for this concern, as it would be an 
extreme disservice to patients to allow exposure to an ineffective drug.  Such a situation would 
expose patients to a drug where they would not receive any benefit, but would be exposed to 
all the risk and expense associated with the drug’s use.  This is more than theoretical in this 
case as we know from Phase 2 studies that LUM by itself has a detrimental effect on 
pulmonary function.  Therefore, it is not unreasonable that someone might hypothesize that 
IVA could be driving all the favorable results demonstrated in the two trials, and LUM could 
actual be hindering IVA’s effect, which would be unfortunate if the case.  On the other hand, 
counterbalancing this concern is that there is compelling scientific theory, supportive in vitro 
data, and clear beneficial effect of LUM/IVA for those homozygous for F508del who have few 
other options.  Therefore, considering that the product is producing clinical benefit in a 
population in desperate need, I will recommend approval.  

However, once approved, there will be an effective therapy for patients homozygous for the
F508del such that any further combination therapy being developed should evaluate the 
contribution of each component to the product using clinical data to support preclinical results,
unless there is a compelling reason not to do so.
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I recommend Approval with appropriate labeling.
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