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  Pharmacology and Toxicology Team Leader 
  Division of Pulmonary, Allergy, and Rheumatology Products 
 
DATE:  January 30, 2012 
 
A nonclinical signal for hepatotoxicity was observed in the 3-month toxicology studies 
with ivacaftor in rats and mice. This signal was not evident in the 6-month toxicology 
study with rats, the 12-month toxicology study with dogs that included a 6-month interim 
sacrifice, or the 2-year carcinogenicity studies with mice and rats. The signal for 
hepatotoxicity with ivacaftor in mice and rats is discussed below and related to longer 
nonclinical studies as well as to exposure achieved with clinical dose of ivacaftor at 300 
mg/day in human subjects.  
 
Drug exposure in nonclinical test species and humans was composed of exposure to 
the parent drug, ivacaftor, and its metabolites, M1 (hydroxymethyl-Ivacaftor) and M6 
(Ivacaftor carboxylate) as shown in Figure 1 below. In humans, plasma levels of M1 and 
M6 were significantly greater than the parent drug, ivacaftor, but exposures to parent 
drug were significantly higher than M1 and M6 in toxicity studies with mouse, rat, and 
dog. M1 and M6 were regarded as disproportionate metabolites in humans. The 
structures of ivacaftor, M1, and M6 are relatively similar although M1 and M6 have 
undergone metabolism and are more polar than the parent drug. Further, M1 and M6 
are subsequently O-glucuronidated to enhance elimination. The more polar metabolites, 
M1 and M6, and their glucuronide conjugates may not partition into cell membranes as 
well as the parent drug. Exposure (AUC) comparisons between nonclinical test species 
and humans were conducted for individual analytes and the summed total (Ivacaftor + 
M1 + M6). 
 
In a 3-month toxicology study with rats, ivacaftor was administered at doses of 0, 50, 
100, 200, and 400 mg/kg/day. Test article-related mortality was observed with doses of 
200 and 400 mg/kg/day. Treatment with the dose of 400 mg/kg/day was stopped on day 
30 due to clinical signs and several unscheduled deaths. Histopathological evaluation of 
9 rats that died at 200 and 400 mg/kg/day determined that moderate to marked 
multifocal centrilobular hepatocellular necrosis with acute/subacute inflammation and 
scattered foci of mixed inflammatory cells in one male at 200 mg/kg/day and two males 
at 400 mg/kg/day was the probable cause of death/moribundity. One female at 400 
mg/kg/day was also observed with multifocal centrilobular hepatocellular necrosis with 
acute/subacute inflammation and scattered foci of mixed inflammatory cells although 
the death was attributed to gastrointestinal enteropathy. There were histopathological 
findings in the liver at 50 and 100 mg/kg/day. It is noted that toxicity findings were 
evident in other organs and tissues from rats at 100, 200, and 400 mg/kg/day (see Dr. 
Marcie Wood’s review dated January 17, 2012 for further details). Increases of absolute 
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liver weights were observed for males at doses 50 mg/kg/day (+13.9 to 30.5%) and 
females at doses 100 mg/kg/day (+12.3 to 36.5%). Increases of alanine 
aminotransferase (ALT) and gamma-glutamyl transpeptidase (GGT) were evident for 
rats at 200 mg/kg/day on days 28, 57, and 91 and rats at 400 mg/kg/day on days 28 
and 31 (Treatment was discontinued at 400 mg/kg/day on day 30).  Liver toxicity would 
appear to be monitorable based upon changes of ALT and GGT. The NOAEL was 
identified at 50 mg/kg/day. The hepatotoxicity in rats was identified during the IND and 
the potential was communicated to the clinical team at that time and that monitoring for 
potential hepatotoxicity during clinical studies was part of the routine assessments. 
 
In a 3-month toxicology study with mice, ivacaftor was administered at doses of 100, 
300, 600, and 1000 mg/kg/day. Deaths were observed for males and females at 600 
and 1000 mg/kg/day and appeared to be primarily associated with distension of the 
gastrointestinal tract. Low incidences (e.g., 1 or 2 per group of 10 mice/sex) of focal 
necrosis and inflammatory foci were observed in the liver for male and female mice at 
600 and 1000 mg/kg/day. ALT activities were increased for mice at 600 and 1000 
mg/kg/day. Alkaline phosphatase (ALP) activity was slightly increased for females at 
1000 mg/kg/day. Liver toxicity might be monitorable based upon changes of ALT and 
ALP. An oral maximum tolerated dose of 200 mg/kg/day was selected for the 2-year 
carcinogenicity study with male and female mice. The signal for hepatotoxicity in this 
study was judged to be weak. The NOAEL of the 3-month study appears to be 300 
mg/kg/day. 
 
In the 6-month toxicology with rats, ivacaftor was administered at doses of 50, 100, and 
150 mg/kg/day. Treatment-related mortalities were observed at 100 and 150 mg/kg/day 
and appeared to be primarily attributed to exacerbation of rodent-specific spontaneous 
lesions of the kidneys and heart. ALT activities were noted to be slightly elevated for 
males at 100 and 150 mg/kg/day and females at 150 mg/kg/day although elevations 
were less than 50% and their significance was questionable. Liver enlargement based 
upon gross pathological examination or absolute weight was observed for males and 
females at 150 mg/kg/day. However, there were no treatment-related histopathological 
findings in the liver. The NOAEL was identified at 50 mg/kg/day. The dose of 50 
mg/kg/day was selected as the high dose for the 2-year carcinogenicity studies with 
male and female rats.  
 
In the 12-month toxicology with dogs that included a 6-month interim sacrifice, ivacaftor 
was administered at doses of 0, 15, 30, and 60 mg/kg/day. Target organs of toxicity 
were identified as the gastrointestinal tract based upon abnormal stool and vomiting and 
the heart based upon ECG findings of second degree AV block and supraventricular 
premature complex; these findings were judged to be monitorable in a clinical setting. 
There were no changes of clinical chemistry parameters or histopathological findings 
suggestive of any treatment-related hepatotoxicity. The NOAEL and LOAEL were 
identified as 30 and 60 mg/kg/day, respectively.  

In a 2-year carcinogenicity study, mice received oral doses of VX-770 at 25, 75, and 
200 mg/kg/day. In a 2-year carcinogenicity study, rats received oral doses of VX-770 at 
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5, 15, and 50 mg/kg/day. There were no histopathological findings suggestive of 
treatment-related hepatotoxicity for either mice or rats at the maximum tolerated doses 
of 200 and 50 mg/kg/day, respectively. Decreased survival was evident for male rats at 
50 mg/kg/day. 
 
Potential treatment-related hepatotoxicity appeared to be confined to lethal doses of the 
test article used in the 3-month toxicology studies with rats and mice. There was no 
evidence of hepatotoxicity in the 6-month toxicology study with rats, 12-month 
toxicology study with dogs, and 2-year carcinogenicity studies with mice and rats. Liver 
toxicity appeared to be monitorable based upon changes of ALT and ALP.  
 
On a mg/kg/day basis, hepatotoxicity was observed in mice and rats at doses greater 
than 40 times the clinical dose (see Table 1). The NOAELs of 50 mg/kg/day in rats and 
300 mg/kg/day (estimate) in mice are 10 and 60 times the clinical dose, respectively. On 
a mg/kg basis, acceptable safety margins between the animal NOAEL and human dose 
are 10 for rodents and 6 for dogs. This comparison does not consider potential 
differences in oral bioavailability between nonclinical test species and humans. 
 
AUC comparisons between different toxicology studies are difficult given changes of 
methodology for measurement of ivacaftor and its metabolites over the course of 
development (e.g., M1 and M6 were not measured in the 3-month toxicology study with 
rats and exposures with the same or similar doses appear to vary between different 
studies).  
 
The comparisons of summed exposures of ivacaftor and its metabolites appears to be 
the most relevant index given similarities in structures and this permits an assessment 
of estimated total drug exposures (see Table 2). On an AUC basis, an acceptable safety 
margins between the animal NOAEL and human dose is greater than or equal to 
approximately 1. Total exposures at NOAELs of the 6-month rat and 12-month dog 
toxicology studies are approximately 2.75 and 1.35 times total exposure at the clinical 
dose of 300 mg/day, respectively. Total exposure at the NOAEL of the 3-month mouse 
study is 0.9 times the total exposure at the clinical dose of 300 mg/day, which is 
considered acceptable. Total exposures at maximum tolerated doses of 50 and 200 
mg/kg/day in the 2-year carcinogenicity studies with rats and mice are approximately 4 
and 0.8 times the total exposure at the clinical dose of 300 mg/day, respectively; the 
safety factor of 0.8 is considered acceptable. Potential liver toxicity appears to be 
monitorable through measurement of ALT and ALP. 
 
Safety margins for individual analytes, ivacaftor, M1, and M6, are shown in Tables 3, 4, 
and 5, respectively. All nonclinical test species provide adequate safety margins for the 
parent drug, ivacaftor. The rat provides adequate safety margins for M1, the 
predominant form in humans. Coverage by one species is sufficient per the Guidance 
for Industry – Safety Testing of Drug Metabolites (February 2008). The safety margins 
for M6 are less than 1; however, given the similarities in structure between ivacaftor and 
M6, the observed coverage is considered adequate. 
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As noted above, hepatotoxicity was not observed in chronic studies with rats and dogs 
that received high doses of ivacaftor or lifetime studies with rats and mice that received 
ivacaftor at maximum tolerated doses. The hepatotoxicity in animals was identified 
during the IND and the potential was communicated to the clinical team at that time and 
that monitoring for potential hepatotoxicity during clinical studies was part of the routine 
assessments. 
 
See Dr. Marcie Wood’s review dated January 17, 2012 for the specific details of the 
issues discussed in this secondary review. 
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Table 1 Exposure margins on a mg/kg/day basis for the clinical dose of ivacaftor at 300 
mg/day

Ivacaftor (Parent Drug)  
Exposure Margins for Clinical 

Dose of 300 mg/day 

Study Dose 
mg/kg/day 

5 mg/kg (300/60 kg) 
 

50 (NOAEL) 10 
100 20 
200  

(Liver Toxicity) 
40 

3-month rat 

400 
(Liver Toxicity) 

80 

 
50 (NOAEL) 10 

100 20 
6-month rat 

150 30 
 

5 1 
15 3 

2-year rat 

50 (MTD) 10 
 

100 20 
300 (NOAEL) 60 

600 
(Liver Toxicity) 

120 

3-month mouse 

1000 
(Liver Toxicity) 

200 

 
25 5 
75 15 

2-year mouse 

200 (MTD) 40 
 

15 3 
30 (NOAEL) 6 

12-month dog 

60 (LOAEL) 12 
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Table 2 Exposure margins (on an AUC basis) for the total summed clinical exposure of 
Ivacaftor + M1 + M6 achieved with a human dose of ivacaftor at 300 mg/day

Total (Ivacaftor + M1 + M6) 
AUC0-24hr, μg*hr/mL 

Total (Ivacaftor + M1 + M6) 
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr =  230.7 μg*hr/mL 
 

50 (NOAEL) Not measured Not measured - 
100 Not measured Not measured - 
200 

(Liver Toxicity) 
Not measured Not measured - 

3-month rat 

400 
(Liver Toxicity) 

Not measured Not measured - 

 
50 (NOAEL) 650.9 614.9 2.8 / 2.7 

100 755.08 484.2 3.2 / 2.1 
6-month rat 

150 846.87 721.3 3.7 / 3.1 
 

5 92.46 74.854 0.4 / 0.3 
15 311.42 292.47 1.3 / 1.3 

2-year rat 

50 (MTD) 1041 718 5 / 3 
 

100  91.56 66.13 0.4 / 0.3 
300 

(NOAEL) 
241.85 178.92 1.0 / 0.8 

600 
(Liver Toxicity) 

238.3 235.97 1.0 / 1.0 

3-month mouse 

1000 
(Liver Toxicity) 

389.4 336.86 1.7 / 1.5 

 
25 36.89 29.2 0.16 / 0.13 
75 118.37 127.7 0.51 / 0.55 

2-year mouse 

200 (MTD) 284 141 1 / 0.6 
 

15 273.3 277.6 1.2 / 1.2 
30 (NOAEL) 223.6 387.2 1.0 / 1.7 

12-month dog 

60 (LOAEL) 299.9 404.7 1.3 / 1.8 

Reference ID: 3079087



Table 3 Exposure margins (on an AUC basis) for the clinical exposure to the parent 
drug, Ivacaftor, achieved with a human dose of ivacaftor at 300 mg/day

Ivacaftor (Parent Drug) 
AUC0-24hr, μg*hr/mL 

Ivacaftor (Parent Drug)  
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr = 27.2 μg*hr/mL 
 

50 (NOAEL) 180.2 98.1 6.6 / 3.6 
100 298.6 271.5 11.0 / 10.0 
200  

(Liver Toxicity) 
677.5 565.3 24.9 / 20.8 

3-month rat 

400 
(Liver Toxicity) 

823.7 405.8 30.3 / 14.9 

 
50 (NOAEL) 561 445 20.6 / 16.4 

100 666 339 24.5 / 12.5 
6-month rat 

150 734 476 27.0 / 17.5 
 

5 71.0 53.4 2.6 / 2.0 
15 249 213 9.2 / 7.8 

2-year rat 

50 (MTD) 853 467 31.4 / 17.2 
 

100 81.9 61.8 3.0 / 2.3 
300 (NOAEL) 198 159 7.3 / 5.8 

600 
(Liver Toxicity) 

188 208 6.9 / 7.6 

3-month mouse 

1000 
(Liver Toxicity) 

299 301 11.0 / 11.1 

 
25 21.5 16.1 0.79 / 0.59 
75 80.2 116 2.95 / 4.26 

2-year mouse 

200 (MTD) 203 112 7.46 / 4.11 
 

15 213 230 7.8 / 8.5 
30 (NOAEL) 184 320 6.8 / 11.8 

12-month dog 

60 (LOAEL) 254 351 9.3 / 12.9 
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Table 4 Exposure margins (on an AUC basis) for the clinical exposure to the M1 
metabolite achieved with a human dose of ivacaftor at 300 mg/day 

M1 
AUC0-24hr, μg*hr/mL 

M1  
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr = 120 μg*hr/mL 
 

50 (NOAEL) Not measured Not measured - 
100 Not measured Not measured - 
200  

(Liver Toxicity) 
Not measured Not measured - 

3-month rat 

400 
(Liver Toxicity) 

Not measured Not measured - 

 
50 (NOAEL) 75.20 131 0.6 / 1.1 

100 70.78 97.8 0.6/ 0.8 
6-month rat 

150 87.27 160.3 0.7 / 1.3 
 

5 21.1 20.7 0.18 / 0.17 
15 61.2 76.6 0.51 / 0.64 

2-year rat 

50 (MTD) 180 234 1.5 / 2.0 
 

100 8.51 3.19 0.1 / 0.0 
300 (NOAEL) 35.8 15.5 0.3 / 0.1 

600 
(Liver Toxicity) 

40.2 22.4 0.3 / 0.2 

3-month mouse 

1000 
(Liver Toxicity) 

71.1 31.4 0.6 / 0.3 

 
25 14.6 11.1 0.12 / 0.09 
75 36.6 11.1 0.31 / 0.09 

2-year mouse 

200 (MTD) 76.1 26.3 0.63 / 0.22 
 

15 53.9 41.1 0.4 / 0.3 
30 (NOAEL) 35.2 59.8 0.3 / 0.5 

12-month dog 

60 (LOAEL) 40.4 49.4 0.3 / 0.4 
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Table 5 Exposure margins (on an AUC basis) for the clinical exposure to the M6 
metabolite achieved with a human dose of ivacaftor at 300 mg/day

M6 
AUC0-24hr, μg*hr/mL 

M6  
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr = 83.5 μg*hr/mL 
 

50 (NOAEL) Not measured Not measured - 
100 Not measured Not measured - 
200 

(Liver Toxicity) 
Not measured Not measured - 

3-month rat 

400 
(Liver Toxicity) 

Not measured Not measured - 

 
50 (NOAEL) 14.7 38.9 0.2 / 0.5 

100 18.3 47.4 0.2 / 0.6 
6-month rat 

150 25.6 85.0 0.3 / 1.0 
 

5 0.361 0.754 0.004 / 0.009 
15 1.22 2.87 0.01 / 0.03 

2-year rat 

50 (MTD) 7.76 17.0 0.06 / 0.20 
 

100 1.15 1.14 0.0 / 0.0 
300 (NOAEL) 8.05 4.42 0.1 / 0.1 

600 
(Liver Toxicity) 

10.1 5.57 0.1 / 0.1 

3-month mouse 

1000 
(Liver Toxicity) 

19.3 4.46 0.2 / 0.1 

 
25 0.792 2.00 0.009 / 0.02 
75 1.57 0.60 0.02 / 0.007 

2-year mouse 

200 (MTD) 4.85 2.73 0.06 / 0.03 
 

15 6.4 6.5 0.1 / 0.1 
30 (NOAEL) 4.4 7.4 0.1 / 0.1 

12-month dog 

60 (LOAEL) 5.5 7.3 0.1 / 0.1 
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Figure 1 Metabolism of Ivacaftor 
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Tertiary Pharmacology Review 

By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO 
NDA: 203188
Submission date: 10/18/2011
Drug: ivacaftor 
Sponsor: Vertex Pharmaceuticals Inc. 
Indication: treatment of cystic fibrosis (CF) in patients age 6 years and older 
who have a G551D mutation in the CFTR gene 

Reviewing Division: Division of Pulmonary, Allergy and Rheumatology Products 

Background Comments: 
The pharmacology/toxicology reviewer and team leader in the Division of 
Pulmonary, Allergy and Rheumatology Products reviewed the nonclinical 
information for ivacaftor and found it adequate to support approval from a 
pharmacology/toxicology perspective for the indication listed above.   

Discussion: 
The applicant conducted two 2-year carcinogenicity studies in rats and mice. 
These studies were reviewed by the division and the Executive Carcinogenicity 
Assessment Committee. The Committee found that the studies were acceptable 
and that there were no drug-related neoplasms. The committee also concluded 
that the assessment of the parent drug and metabolites was acceptable in these 
studies.

Ivacaftor was not teratogenic in rats or rabbits. It did not have adverse effects on 
pre/postnatal development in rats. Some skeletal variations were noted in some 
rat fetuses but only at doses that showed significant maternal toxicity. The 
reviewer and team leader suggest pregnancy category B. Some impairment of 
fertility was noted in rats, although this occurred in the presence of severe 
toxicity. 

The pharmacologic class for ivacaftor has been discussed. The most appropriate 
term appears to be: cystic fibrosis transmembrane conductance regulator (CFTR) 
potentiator. Other terms such as CFTR modulator, agonist or activator were 
considered. However, ivacaftor appears to function by increasing the likelihood of 
opening of the CFTR channel but does not appear to cause opening of the 
channel on its own. Therefore, description of ivacaftor as a potentiator seems 
most appropriate. 

Hepatotoxicity of ivacaftor was identified in subchronic (3-month) toxicity studies 
in rats and mice during the development of the drug.  The hepatotoxicity was 
apparent at doses that produced exposures to the parent drug in the animals that 
were greater than the exposures in humans. Exposure to some metabolites was 
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proportionally lower in animals than in humans. However, no hepatotoxicity was 
noted in a 6 month rat study at doses that produced exposures to metabolites 
similar to that obtained in humans. Hepatotoxicity was not noted in the 2-year 
carcinogenicity studies which were conducted at maximum tolerated doses. The 
hepatotoxicity observed in the subchronic studies was associated with increased 
liver enzymes in serum and so was considered to be monitorable. Monitoring of 
liver enzymes was included in clinical trials and some incidences of elevated 
enzymes were noted.

Conclusions: 
I concur with the Division pharmacology/toxicology recommendation that this 
NDA can be approved. I concur with the labeling changes suggested in the 
pharm/tox review. The proposed pharmacologic class seems appropriate. 
Potential for hepatotoxicity is being addressed in labeling. 
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Addendum - Pharmacology and Toxicology Secondary Review for NDA 203188 
 
TO:   NDA 203188 (Vertex Pharmaceuticals, Inc., Ivacaftor) 
 
FROM: Timothy W. Robison, Ph.D., D.A.B.T. 
  Pharmacology and Toxicology Team Leader 
  Division of Pulmonary, Allergy, and Rheumatology Products 
 
DATE:  January 24, 2012 
 
A nonclinical signal for hepatotoxicity was observed in the 3-month toxicology studies 
with ivacaftor in rats and mice. This signal was not evident in the 6-month toxicology 
study with rats, the 12-month toxicology study with dogs that included a 6-month interim 
sacrifice, or the 2-year carcinogenicity studies with mice and rats. The signal for 
hepatotoxicity with ivacaftor in mice and rats is discussed below and related to longer 
nonclinical studies as well as to exposure achieved with clinical dose of ivacaftor at 300 
mg/day in human subjects.  
 
Drug exposure in nonclinical test species and humans was composed of exposure to 
the parent drug, ivacaftor, and its metabolites, M1 (VRT-837018; hydroxymethyl-
Ivacaftor) and M6 (VRT-842917; Ivacaftor carboxylate) as shown in Figure 1 below. In 
humans, plasma levels of M1 and M6 were significantly greater than the parent drug, 
ivacaftor, but exposures to parent drug were significantly higher than M1 and M6 in 
toxicity studies with mouse, rat, and dog. M1 and M6 were regarded as disproportionate 
metabolites in humans. The structures of ivacaftor, M1, and M6 are relatively similar 
although M1 and M6 appear to be more polar than the parent drug. M1 and M6 may 
potentially not partition into cells as well as the parent drug. Exposure (AUC) 
comparisons between nonclinical test species and humans were conducted for 
individual analytes and the summed total (Ivacaftor + M1 + M6). 
 
In a 3-month toxicology study with rats, ivacaftor was administered at doses of 0, 50, 
100, 200, and 400 mg/kg/day. Test article-related mortality was observed with doses of 
200 and 400 mg/kg/day. Treatment with the dose of 400 mg/kg/day was stopped on day 
30 due to clinical signs and several unscheduled deaths. Histopathological evaluation of 
9 rats that died at 200 and 400 mg/kg/day determined that moderate to marked 
multifocal centrilobular hepatocellular necrosis with acute/subacute inflammation and 
scattered foci of mixed inflammatory cells in one male at 200 mg/kg/day and two males 
at 400 mg/kg/day was the probable cause of death/moribundity. One female at 400 
mg/kg/day was also observed with multifocal centrilobular hepatocellular necrosis with 
acute/subacute inflammation and scattered foci of mixed inflammatory cells although 
the death was attributed to gastrointestinal enteropathy. It is noted that toxicity findings 
were evident in other organs and tissues from rats at 100, 200, and 400 mg/kg/day (see 
Dr. Marcie Wood’s review dated January 17, 2012 for further details). Increases of 
absolute liver weights were observed for males at doses 50 mg/kg/day (+13.9 to 
30.5%) and females at doses 100 mg/kg/day (+12.3 to 36.5%). Increases of alanine 
aminotransferase (ALT) and gamma-glutamyl transpeptidase (GGT) were evident for 
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rats at 200 mg/kg/day on days 28, 57, and 91 and rats at 400 mg/kg/day on days 28 
and 31 (Treatment was discontinued at 400 mg/kg/day on day 30).  Liver toxicity would 
appear to be monitorable based upon changes of ALT and GGT. The NOAEL was 
identified at 50 mg/kg/day. The hepatotoxicity in rats was identified during the IND and 
the potential was communicated to the clinical team at that time and that monitoring for 
potential hepatotoxicity during clinical studies was part of the routine assessments. 
 
In a 3-month toxicology study with mice, ivacaftor was administered at doses of 100, 
300, 600, and 1000 mg/kg/day. Deaths were observed for males and females at 600 
and 1000 mg/kg/day and appeared to be primarily associated with distension of the 
gastrointestinal tract. Low incidences (e.g., 1 or 2 per group of 10 mice/sex) of focal 
necrosis and inflammatory foci were observed in the liver for male and female mice at 
600 and 1000 mg/kg/day. ALT activities were increased for mice at 600 and 1000 
mg/kg/day. Alkaline phosphatase (ALP) activity was slightly increased for females at 
1000 mg/kg/day. Liver toxicity might be monitorable based upon changes of ALT and 
ALP. An oral maximum tolerated dose of 200 mg/kg/day was selected for the 2-year 
carcinogenicity study with male and female mice. The signal for hepatotoxicity in this 
study was judged to be weak. 
 
In the 6-month toxicology with rats, ivacaftor was administered at doses of 50, 100, and 
150 mg/kg/day. Treatment-related mortalities were observed at 100 and 150 mg/kg/day 
and appeared to be primarily attributed to exacerbation of rodent-specific spontaneous 
lesions of the kidneys and heart. ALT activities were noted to be slightly elevated for 
males at 100 and 150 mg/kg/day and females at 150 mg/kg/day although elevations 
were less 50% and their significance was questionable. Liver enlargement based upon 
gross pathological examination or absolute weight was observed for males and females 
at 150 mg/kg/day. However, there were no treatment-related histopathological findings 
in the liver. The NOAEL was identified at 50 mg/kg/day. The dose of 50 mg/kg/day was 
selected as the high dose for the 2-year carcinogenicity studies with male and female 
rats.  
 
In the 12-month toxicology with dogs that included a 6-month interim sacrifice, ivacaftor 
was administered at doses of 0, 15, 30, and 60 mg/kg/day. Target organs of toxicity 
were identified as the gastrointestinal tract based upon abnormal stool and vomiting and 
the heart based upon ECG findings of second degree AV block and supraventricular 
premature complex; these findings were judged to be monitorable in a clinical setting. 
There were no changes of clinical chemistry parameters or histopathological findings 
suggestive of any treatment-related hepatotoxicity. The NOAEL and LOAEL were 
identified as 30 and 60 mg/kg/day, respectively.  

In a 2-year carcinogenicity study, mice received oral doses of VX-770 at 25, 75, and 
200 mg/kg/day. In a 2-year carcinogenicity study, rats received oral doses of VX-770 at 
5, 15, and 50 mg/kg/day. There were no histopathological findings suggestive of 
treatment-related hepatotoxicity for either mice or rats. Decreased survival was evident 
for male rats at 50 mg/kg/day. 
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Potential treatment-related hepatotoxicity appeared to be confined to lethal doses of the 
test article used in the 3-month toxicology studies with rats and mice. There was no 
evidence of hepatotoxicity in the 6-month toxicology study with rats, 12-month 
toxicology study with dogs, and 2-year carcinogenicity studies with mice and rats. Liver 
toxicity appeared to be monitorable based upon changes of ALT and ALP.  
 
On a mg/kg/day basis, hepatotoxicity was observed in mice and rats at doses greater 
than 40 times the clinical dose (see Table 1). The NOAELs of 50 mg/kg/day in rats and 
300 mg/kg/day (estimate) in mice are 10 and 60 times the clinical dose, respectively. On 
a mg/kg basis, acceptable safety margins between the animal NOAEL and human dose 
are 10 for rodents and 6 for dogs. This comparison does not consider potential 
differences in oral bioavailability between nonclinical test species and humans. 
 
AUC comparisons between different toxicology studies are difficult given changes of 
methodology for measurement of ivacaftor and its metabolites over the course of 
development (e.g., M1 and M6 were not measured in the 3-month toxicology study with 
rats and exposures with the same or similar doses appear to vary between different 
studies). The high dose of 150 mg/kg/day from 6-month rat study (exposure might be 
relatively comparable to exposure at 200 mg/kg/day for rats in the 3-month study) and 
the dose of 600 mg/kg/day from the 3-month mouse study were used as potential 
hepatotoxic doses to allow exposure comparisons with the clinical dose of 300 mg/day.  
 
For the parent drug, ivacaftor, exposures at 150 mg/kg/day from 6-month rat study and 
600 mg/kg/day from the 3-month mouse study were greater than 17.5 and 6.9 times the 
exposure achieved with the clinical dose, respectively (see Table 2). For M1, the 
predominant form in humans, exposures at 150 mg/kg/day from 6-month rat study and 
600 mg/kg/day from the 3-month mouse study were approximately 1 and 0.3 times the 
exposure achieved with the clinical dose, respectively (see Table 3). Exposure margins 
for M6 are significantly less than 1. For the summed exposures of ivacaftor and its 
metabolites, exposures at 150 mg/kg/day from 6-month rat study and 600 mg/kg/day 
from the 3-month mouse study were approximately 3.1 and 1 times the exposure 
achieved with the clinical dose, respectively (see Table 5). On an AUC basis, an 
acceptable safety margins between the animal NOAEL and human dose is greater than 
or equal to 1. The comparisons of summed exposures of ivacaftor and its metabolites 
appears to be the most relevant index given similarities in structures and this permits an 
assessment of estimated total drug exposures. 
 
Exposure multiples at hepatotoxic doses in rats and mice with respect to M1, the 
primary form in humans, and summed total of ivacaftor and its metabolites were 
observed to only slightly exceed exposures at the clinical dose; however, liver toxicity 
appears to be monitorable through measurement of ALT and ALP. As noted above, 
hepatotoxicity was not observed in chronic studies with rats and dogs or lifetime studies 
with rats and mice. The hepatotoxicity in animals was identified during the IND and the 
potential was communicated to the clinical team at that time and that monitoring for 
potential hepatotoxicity during clinical studies was part of the routine assessments. 
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Table 1 Exposure margins on a mg/kg/day basis for the clinical dose of ivacaftor at 300 
mg/day

Ivacaftor (Parent Drug)  
Exposure Margins for Clinical 

Dose of 300 mg/day 

Study Dose 
mg/kg/day 

5 mg/kg (300/60 kg) 
 

50 (NOAEL) 10 
100 20 
200  

(Liver Toxicity) 
40 

3-month rat 

400 
(Liver Toxicity) 

80 

 
50 (NOAEL) 10 

100 20 
6-month rat 

150 30 
 

5 1 
15 3 

2-year rat 

50 10 
 

100 20 
300 60 
600 

(Liver Toxicity) 
120 

3-month mouse 

1000 
(Liver Toxicity) 

200 

 
25 5 
75 15 

2-year mouse 

200 40 
 

15 3 
30 (NOAEL) 6 

12-month dog 

60 (LOAEL) 12 
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Table 2 Exposure margins (on an AUC basis) for the clinical exposure to the parent 
drug, Ivacaftor, achieved with a human dose of ivacaftor at 300 mg/day

Ivacaftor (Parent Drug) 
AUC0-24hr, μg*hr/mL 

Ivacaftor (Parent Drug)  
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr = 27.2 μg*hr/mL 
 

50 (NOAEL) 180.2 98.1 6.6 / 3.6 
100 298.6 271.5 11.0 / 10.0 
200  

(Liver Toxicity) 
677.5 565.3 24.9 / 20.8 

3-month rat 

400 
(Liver Toxicity) 

823.7 405.8 30.3 / 14.9 

 
50 (NOAEL) 561 445 20.6 / 16.4 

100 666 339 24.5 / 12.5 
6-month rat 

150 734 476 27.0 / 17.5 
 

5 71.0 53.4 2.6 / 2.0 
15 249 213 9.2 / 7.8 

2-year rat 

50 853 467 31.4 / 17.2 
 

100 81.9 61.8 3.0 / 2.3 
300 198 159 7.3 / 5.8 
600 

(Liver Toxicity) 
188 208 6.9 / 7.6 

3-month mouse 

1000 
(Liver Toxicity) 

299 301 11.0 / 11.1 

 
25 21.5 16.1 0.79 / 0.59 
75 80.2 116 2.95 / 4.26 

2-year mouse 

200 203 112 7.46 / 4.11 
 

15 213 230 7.8 / 8.5 
30 (NOAEL) 184 320 6.8 / 11.8 

12-month dog 

60 (LOAEL) 254 351 9.3 / 12.9 
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Table 3 Exposure margins (on an AUC basis) for the clinical exposure to the M1 
metabolite achieved with a human dose of ivacaftor at 300 mg/day 

M1 
AUC0-24hr, μg*hr/mL 

M1  
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr = 120 μg*hr/mL 
 

50 (NOAEL) Not measured Not measured - 
100 Not measured Not measured - 
200  

(Liver Toxicity) 
Not measured Not measured - 

3-month rat 

400 
(Liver Toxicity) 

Not measured Not measured - 

 
50 (NOAEL) 75.20 131 0.6 / 1.1 

100 70.78 97.8 0.6/ 0.8 
6-month rat 

150 87.27 160.3 0.7 / 1.3 
 

5 21.1 20.7 0.18 / 0.17 
15 61.2 76.6 0.51 / 0.64 

2-year rat 

50 180 234 1.5 / 2.0 
 

100 8.51 3.19 0.1 / 0.0 
300 35.8 15.5 0.3 / 0.1 
600 

(Liver Toxicity) 
40.2 22.4 0.3 / 0.2 

3-month mouse 

1000 
(Liver Toxicity) 

71.1 31.4 0.6 / 0.3 

 
25 14.6 11.1 0.12 / 0.09 
75 36.6 11.1 0.31 / 0.09 

2-year mouse 

200 76.1 26.3 0.63 / 0.22 
 

15 53.9 41.1 0.4 / 0.3 
30 (NOAEL) 35.2 59.8 0.3 / 0.5 

12-month dog 

60 (LOAEL) 40.4 49.4 0.3 / 0.4 
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Table 4 Exposure margins (on an AUC basis) for the clinical exposure to the M6 
metabolite achieved with a human dose of ivacaftor at 300 mg/day

M6 
AUC0-24hr, μg*hr/mL 

M6  
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr = 83.5 μg*hr/mL 
 

50 (NOAEL) Not measured Not measured - 
100 Not measured Not measured - 
200 

(Liver Toxicity) 
Not measured Not measured - 

3-month rat 

400 
(Liver Toxicity) 

Not measured Not measured - 

 
50 (NOAEL) 14.7 38.9 0.2 / 0.5 

100 18.3 47.4 0.2 / 0.6 
6-month rat 

150 25.6 85.0 0.3 / 1.0 
 

5 0.361 0.754 0.004 / 0.009 
15 1.22 2.87 0.01 / 0.03 

2-year rat 

50 7.76 17.0 0.06 / 0.20 
 

100 1.15 1.14 0.0 / 0.0 
300 8.05 4.42 0.1 / 0.1 
600 

(Liver Toxicity) 
10.1 5.57 0.1 / 0.1 

3-month mouse 

1000 
(Liver Toxicity) 

19.3 4.46 0.2 / 0.1 

 
25 0.792 2.00 0.009 / 0.02 
75 1.57 0.60 0.02 / 0.007 

2-year mouse 

200 4.85 2.73 0.06 / 0.03 
 

15 6.4 6.5 0.1 / 0.1 
30 (NOAEL) 4.4 7.4 0.1 / 0.1 

12-month dog 

60 (LOAEL) 5.5 7.3 0.1 / 0.1 

Reference ID: 3076129



Table 5 Exposure margins (on an AUC basis) for the total summed clinical exposure of 
Ivacaftor + M1 + M6 achieved with a human dose of ivacaftor at 300 mg/day

Total (Ivacaftor + M1 + M6) 
AUC0-24hr, μg*hr/mL 

Total (Ivacaftor + M1 + M6) 
Exposure Margins for Clinical Dose 

of 300 mg/day 

Study Dose 
mg/kg/day 

Females Males AUC0-24hr =  230.7 μg*hr/mL 
 

50 (NOAEL) Not measured Not measured - 
100 Not measured Not measured - 
200 

(Liver Toxicity) 
Not measured Not measured - 

3-month rat 

400 
(Liver Toxicity) 

Not measured Not measured - 

 
50 (NOAEL) 650.9 614.9 2.8 / 2.7 

100 755.08 484.2 3.2 / 2.1 
6-month rat 

150 846.87 721.3 3.7 / 3.1 
 

5 92.46 74.854 0.4 / 0.3 
15 311.42 292.47 1.3 / 1.3 

2-year rat 

50 1041 718 5 / 3 
 

100  91.56 66.13 0.4 / 0.3 
300 241.85 178.92 1.0 / 0.8 
600 238.3 235.97 1.0 / 1.0 

3-month mouse 

1000 389.4 336.86 1.7 / 1.5 
 

25 36.89 29.2 0.16 / 0.13 
75 118.37 127.7 0.51 / 0.55 

2-year mouse 

200 284 141 1 / 0.6 
 

15 273.3 277.6 1.2 / 1.2 
30 (NOAEL) 223.6 387.2 1.0 / 1.7 

12-month dog 

60 (LOAEL) 299.9 404.7 1.3 / 1.8 
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Figure 1 Metabolism of Ivacaftor 
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Pharmacology and Toxicology Secondary Review for NDA 203188 
 
TO:   NDA 203188 (Vertex Pharmaceuticals, Inc., Ivacaftor) 
 
FROM: Timothy W. Robison, Ph.D., D.A.B.T. 
  Pharmacology and Toxicology Team Leader 
  Division of Pulmonary, Allergy, and Rheumatology Products 
 
DATE:  January 17, 2012 
 
 
I concur with the recommendations of Dr. Marcie Wood’s review dated January 17, 
2012 that the pharmacology and toxicology of KALYDECO (Ivacaftor) have been 
adequately studied and the drug product should be approved from a nonclinical 
perspective.  
 
Ivacaftor (Code name: VX-770) is a NME and first in pharmacological class. Ivacaftor 
will be classified as a Cystic Fibrosis Transmembrane Conductor Regulator (CFTR) 
Potentiator. It is indicated for the chronic treatment of CF in patients ages 6 years and 
older who have the G551D mutation in the CFTR gene. The mechanism of action of 
ivacaftor involves action on the CFTR protein to increase the channel open probability 
(or gating) to enhance chloride transport. It appears to be selective for CFTR in vitro. 
 
Pharmacology: The G551D-CFTR gene mutation is the most common CFTR gating 
mutation. In pharmacology studies, ivacaftor increased CFTR-mediated ISC in rodent 
cells expressing G551D-CFTR following addition of a cAMP agonist; however, ivacaftor 
did not increase ISC in the absence of cAMP agonist. Ivacaftor increased ISC in human 
bronchial epithelial cells expressing G551D/F508del-CFTR following addition of a cAMP 
agonist. Ivacaftor increased the open probability of G551D-CFTR in single channel 
patch clamp experiments using membrane patches from rodent cells expressing 
G551D-CFTR by 10-fold versus untreated cells after addition of PKA and ATP. Ivacaftor 
did not increase cAMP levels in rodent cells. These study results appear to be 
consistent with classifying ivacaftor as a potentiator of the CFTR protein. 
 
Secondary Pharmacology: In receptor binding and enzyme screening assays, ivacaftor 
significantly inhibited two targets with an IC50 < 1 M, the monoamine transporter (IC50 = 
0.88 M) and the dopamine transporter (IC50 = 0.85 M). Ivacaftor inhibited a number of 
other targets with IC50 < 10 M. 
 
Safety Pharmacology: No CNS or respiratory effects were observed in rats that received 
single doses of ivacaftor up to 1000 mg/kg. No cardiovascular effects were observed in 
male dogs that received single doses of ivacaftor up to 60 mg/kg. Gastric motility was 
decreased in rats that received single oral doses of ivacaftor at 500 and 1000 mg/kg. 
 
ADME: In vitro and in vivo metabolism studies identified M1 (VRT-837018; 
hydroxymethyl-Ivacaftor) and M6 (VRT-842917; Ivacaftor carboxylate) as major 
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metabolites of ivacaftor. In vitro metabolism of ivacaftor was qualitatively similar among 
species (mouse, rat, dog, monkey, and human); however, quantitative differences in 
metabolism were observed in vivo between nonclinical test species and humans. In 
humans, plasma levels of M1 and M6 were significantly greater than the parent drug 
ivacaftor, but exposures to parent drug were significantly higher than M1 and M6 in 
mouse, rat, and dog toxicology studies. M1 and M6 were regarded as disproportionate 
human metabolites in humans. 
 
Additional in vitro metabolism studies showed that ivacaftor and M1 were metabolized 
primarily by CYP3A4 and to a lesser extent by CYP3A5.  Ivacaftor did not appear to be 
a substrate of P-glycoprotein; however, ivacaftor and M1 were both inhibitors of P-
glycoprotein in vitro. 
 
Toxicology: General toxicology studies were conducted in the mouse, rat, and dog up to 
3-months, 6-months, and 12-months, respectively. The liver was identified as the target 
organ of toxicity in 3 month studies with mice and rats; findings included hepatocellular 
necrosis and increased ALT. In the 6-month study with rats, ivacaftor appeared to 
exacerbate species-specific spontaneous lesions; these findings were judged to have 
little or no relevance to humans. The gastrointestinal tract (clinical signs of abnormal 
feces and vomiting) and heart (supraventricular premature complex) were identified as 
target organs of toxicity in 6- and 12-month studies with dogs. Accumulation of ivacaftor, 
M1, and M6 was observed with repeated dosing in toxicology studies. Chronic rat and 
dog studies provided adequate safety margins (greater than one on an AUC basis) for 
the parent drug, ivacaftor. The rat (male) also provided an adequate safety margin for 
the M1 metabolite. The safety margin for the M6 metabolite was approximately 50% of 
human exposure in the rat (male), although this was considered to be sufficient given 
the structures of ivacaftor, M1, and M6 were relatively similar and these metabolites 
were more polar than ivacaftor. See Dr. Wood’s review for further details. 
 
Genotoxicity: Ivacaftor was negative in a complete battery of genetic toxicology tests, 
including an in vitro bacterial reverse mutation assay, an in vitro Chinese hamster ovary 
chromosomal aberration assay, and an in vivo mouse micronucleus assay. 
 
Carcinogenicity: No statistically significant test article-related tumor findings were 
observed in 2-year carcinogenicity studies in mice and rats that received doses up to 
200 mg/kg/day and 50 mg/kg/day ivacaftor, respectively. 
 
Reproductive and developmental toxicology: Reproductive and developmental toxicity 
studies of Ivacaftor were completed in rats and rabbits. These studies evaluated the 
effects of Ivacaftor on fertility in rats, teratogenicity in rats and rabbits, and peri- and 
post-natal development in rats. Results showed that Ivacaftor decreased fertility indices 
in males and females in rats, but the drug was non-teratogenic in rats and rabbits. 
Ivacaftor had no effects on peri- or post-natal development in rats. Fertility effects at 200 
mg/kg/day were attributed to severe toxicity, but there were no effects at  100 
mg/kg/day. 
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Labeling: The initial and current versions of the Indications and Usage section do not 
contain a pharmacological class. However, in vitro pharmacology data appear to 
consistently support the conclusion that ivacaftor acts as a potentiator in cell lines 
expressing G551D-CFTR. Thus, ivacaftor will be classified as a CFTR potentiator. 
 
Section 8.1 (Pregnancy category B), Section 8.3 (Nursing mothers), Section 10 
(Overdosage), Section 12.1 (Mechanism of Action) and Section 13.1 (Carcinogenesis, 
Mutagenesis and Impairment of Fertility) and sections have been revised to incorporate 
the above-mentioned nonclinical findings. 
 
See Dr. Wood’s review for additional details of product labeling. 
 
 
There are no outstanding Pharmacology and Toxicology issues for this product. 
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 203-188 are owned by Vertex Pharmaceuticals, Inc. or 
are data for which Vertex Pharmaceuticals, Inc. has obtained a written right of 
reference. Any information or data necessary for approval of NDA 203-188 that Vertex 
Pharmaceuticals, Inc. does not own or have a written right to reference constitutes one 
of the following: (1) published literature, or (2) a prior FDA finding of safety or 
effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data or 
information described or referenced below from reviews or publicly available summaries 
of a previously approved application is for descriptive purposes only and is not relied 
upon for approval of NDA 203-188. 
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1 Executive Summary 

1.1 Introduction 
Vertex Pharmaceuticals, Inc. has submitted a 505(b)(1) New Drug Application (NDA) for 
VX-770 (Ivacaftor), a NME. The proposed indication is for the chronic treatment of cystic 
fibrosis (CF) in patients ages 6 years and older who have the G551D mutation in the 
CFTR gene. The proposed dose is 150 mg twice daily (300 mg/day) via the oral route of 
administration. 
 
Ivacaftor is a NME and first in pharmacologic class. It acts as a potentiator of the cystic 
fibrosis transmembrane conductance regulator (CFTR) protein to potentially restore the 
function of the CFTR protein. Currently, there are no marketed drugs with this 
pharmacological action and no approved drugs targeting the dysfunctional CFTR 
channel. Ivacaftor has a novel mechanism of action: it acts on the CFTR protein to 
increase the channel open probability (or gating) to enhance chloride transport and 
appears to be selective for CFTR in vitro. Ivacaftor will be classified as a Cystic Fibrosis 
Transmembrane Conductor Regulator (CFTR) Potentiator.  

1.2 Brief Discussion of Nonclinical Findings 
The complete, nonclinical safety program for VX-770 included pharmacology, safety 
pharmacology, toxicology, genotoxicity, carcinogenicity, and reproductive toxicology 
studies. 
 
In vitro pharmacology data to determine mechanism of action of VX-770 support the 
conclusion that VX-770 acts as a potentiator in cell lines expressing G551D-CFTR, a 
gating mutant. VX-770 increased CFTR-mediated transport after cAMP activation only 
and increased the channel-open probability (or gating potential) of G551D-CFTR 
located at the cell surface. VX-770 effects on other CFTR mutants, including the most 
common mutant – F508del-CFTR – in CF patients, were also observed in vitro; 
however, VX-770 demonstrated a lack of efficacy in clinical studies in patients 
homozygous for the F508del-CFTR mutation. Clinical efficacy of VX-770 for patients 
with other CFTR mutants has not been evaluated. 
 
In secondary pharmacology studies, activity of VX-770 on other channels, including 11 
sodium, calcium, and potassium channels, was evaluated in recombinant cell assays 
using electrical field stimulation coupled to voltage-sensitive fluorescent dyes to monitor 
membrane potential. With the exception of Cav1.2 (IC50 = 1.3 M) and Kv1.5 (IC50 = 3.4 

M), the IC50 for all other channels was > 10 M. In receptor binding and enzyme 
screening assays, VX-770 significantly inhibited two targets with an IC50 < 1 M, the 
monoamine transporter (IC50 = 0.88 M) and the dopamine transporter (IC50 = 0.85 M). 
As tissue distribution studies in rats showed little VX-770 in the brain, this finding may 
have little relevance to humans. 
 
Safety pharmacology studies were conducted to assess the neurological, 
cardiovascular, pulmonary, and gastrointestinal effects of VX-770. Treatment-related 
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findings were limited to inhibition of hERG current in vitro and a decrease in 
gastrointestinal motility in rats that received single oral doses of VX-770. 
 
Salient findings in ADME studies included the identification of M1 and M6 as major 
metabolites of VX-770 (see section 11 below for a summary of additional ADME 
findings). In vitro metabolism of VX-770 was qualitatively similar among species 
(mouse, rat, dog, monkey, and human); however, quantitative differences in metabolism 
were observed in vivo between nonclinical test species and humans. In humans, 
plasma levels of M1 and M6 were significantly greater than the parent drug VX-770, but 
exposures to parent drug were significantly higher than M1 and M6 in mouse, rat, and 
dog toxicology studies. M1 and M6 were regarded as disproportionate human 
metabolites in humans. 
 
Additional in vitro studies metabolism studies showed that VX-770 and M1 were 
metabolized primarily by CYP3A4 and to a lesser extent by CYP3A5. CYP3A inhibitor 
ketoconazole or monoclonal antibody to 3A4 decreased metabolism of both VX-770 and 
M1, thus confirming the involvement of CYP3A in drug product metabolism. VX-770, 
M1, and M6 were not inducers of any of the CYPs tested in vitro (CYP1A2, CYP2A6, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, or CYP3A4/5).  VX-770 and M1, however, 
both inhibited CYP3A, and to a lesser extent, CYP2C8 and CYP2C9. 
 
VX-770 did not appear to be a substrate of P-glycoprotein (P-gp); however, VX-770 and 
M1 were both inhibitors of P-gp in vitro. 
 
General toxicology studies were conducted in the mouse, rat, and dog up to 3-months, 
6-months, and 12-months, respectively. Target organs identified by general toxicity 
studies included the liver in mice and rats (hepatocellular necrosis, increased ALT) and 
the gastrointestinal tract in dogs (clinical signs of abnormal feces and vomiting). 
Supraventricular premature complex (SVPC) was also observed in dogs in the 12-
month toxicity study. Gastrointestinal clinical signs and ECG findings were considered 
to be clinically monitorable and were not used in safety factor determinations for clinical 
doses. Accumulation of VX-770, M1, and M6 was observed with repeated dosing in 
toxicology studies. Chronic rat and dog studies provided adequate clinical coverage 
(greater than one on an AUC basis) for the parent drug, VX-770. The rat (male) also 
provided adequate coverage for the M1 metabolite. Coverage for the M6 metabolite was 
approximately 50% of human exposure in the rat (male), although this was considered 
to be sufficient. 
 
VX-770 was negative in a complete battery of genetic toxicology tests, including a 
bacterial reverse mutation assay, a Chinese hamster ovary chromosomal aberration 
assay, and in an in vivo mouse micronucleus assay. 
 
No statistically significant test VX-770-related tumor findings were observed in 2-year 
carcinogenicity studies in mice and rats up to 200 mg/kg/day and 50 mg/kg/day VX-770, 
respectively. 
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2 Drug Information 

2.1 Drug 
CAS Registry Number: 873054-44-5 
 
Generic Name: Ivacaftor 
 
Code Name: VX-770, VRT-813077 
 
Chemical Name: (N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-oxoquinoline-3- 
carboxamide) 
 
Molecular Formula/Molecular Weight: C24H28N2O3/392.49 grams 
 
Structure or Biochemical Description 
 

 
 
Pharmacologic Class: Cystic fibrosis transmembrane conductance regulator (CFTR) 
potentiator 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
IND 74,633 for VX-770 (Vertex Pharmaceuticals, Inc.) 
DMF  

2.3 Drug Formulation 
Ivacaftor drug product is an immediate-release tablet for oral administration. It is a light 
blue film-coated tablet, printed in black ink with “V 150” on one face. Each tablet 
contains 150 mg of Ivacaftor drug substance, and has a total target weight of 567 mg.  

Reference ID: 3072943

(b) (4)

(b) (4)







NDA 203-188   Reviewer: Marcie Wood, Ph.D. 
 

13 

 
Study # Title EDR 

Location 
Pharmacokinetics 
Absorption 
H130 In Vitro Assessment of VX-770 as a Substrate of P-glycoprotein 4.2.2.2 
VX-770-
DMPK-DM-
041 

P-gp Substrate and Inhibitor Assessment of the Customer's Test 
Compound (VX-770) and Two Metabolites (VRT-837018 and 
VRT-842917) 

4.2.2.2 

Distribution 
VX-770-
DMPK-DM-
043 

Placental Transfer and Lacteal Excretion of 14C-VX-770 
Following Administration of a Single Oral Dose to Pregnant and 
Lactating Rats 

4.2.2.3 

VX-770-
DMPK-DM-
046 

Placental Transfer of 14C-VX-770 Following Administration of a 
Single Oral Dose to Pregnant Rabbits 

4.2.2.3 

Metabolism 
H191 In vitro Metabolic Human Cytochrome P450s Enzyme Mapping 

for VX-770, VRT-837018, and VRT-842917 
4.2.2.4 

VX-770-
DMPK-DM-
038 

Induction Potential of VX-770 and Metabolites VRT-842917 and 
VRT-837018 on Cytochromes P450 in Human Hepatocyte 
Cultures and Cytotoxicity in Cultured Human Hepatocytes 

4.2.2.4 

VX-770-
DMPK-DM-
039 

Inhibitory Potential of VX-770 and Metabolites VRT-842917 and 
VRT-837018 on Human Hepatic Microsomal Cytochromes P450 

4.2.2.4 

 
 
The following studies were previously reviewed under IND 74,633 or in a separate 
review under NDA 203-188. 
 
Study # Title Nonclinical 

Review 
Date 

Pharmacology 
Primary Pharmacodynamics 
B227 VRT-813-077: Activation of Cystic Fibrosis Transmembrane 

Conductance Regulator (CFTR) Mutants Expressed in NIH3T3 
and FRT Cells and Selectivity for Ion Channels 

5/19/2006 (I)

B228 Interactions of VRT-813077 with the Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) and its 
Signaling Pathways in NIH3T3 and FRT Cells 

5/19/2006 (I)

B229 In Vitro Activity of VRT-813077 in Primary Bronchial Epithelial 
Cells and Nasal Polyps from Cystic Fibrosis Patients 

5/19/2006 (I)

C166 Effects of VX-770 on Activity of the R117H Mutant of the Cystic 
Fibrosis Transmembrane Conductance Regulator (CFTR) 
Expressed in FRT Cells 

6/5/2007 (I) 

C172 VX-770 Effectively Potentiates F508-CFTR Activity When 
Added to Either Apical or Basolateral Side of Human Bronchial 
Epithelia In Vitro 

6/5/2007 (I) 

C181 In Vitro Activity of VRT-837018, a Putative Metabolite of VX-770, 
on Chloride Secretion in Cystic Fibrosis Bronchial Epithelia 

6/5/2007 (I) 

C187 Effects of VX-770 on CFTR-Mediated Chloride Transport in 
Human Bronchial Epithelia Heterozygous for the 2789+5G-> 
Splice Site Mutation and F508-CFTR 

6/5/2007 (I) 
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D058 Effects of VX-770 on G551D-CFTR in Recombinant Cells and in 
Human Bronchial Epithelia Isolated from a G551D/ F508 
Heterozygous Cystic Fibrosis Subject 

1/13/2012 
(N) 

E111 In Vitro Activity of VRT-842917, a Metabolite (M6) of VX-770, on 
Chloride Secretion in Cystic Fibrosis Bronchial Epithelia 

1/13/2012 
(N) 

E156 In Vitro Activity of VRT-837018, a Metabolite (M1) of VX-770, on 
Chloride Secretion in Cystic Fibrosis Bronchial Epithelia 

1/13/2012 
(N) 

G205 Effect of VX-770 on Multiple Mutant CFTR Forms In Vitro 1/13/2012 
(N) 

H189 Time Course of VX-770 Potentiation of f508del-CFTR In Vitro 1/13/2012 
(N) 

Secondary Pharmacodynamics 
1054946-
1016520 

LeadProfilingScreen Data Report for VRTXSD135 5/19/2006 (I)

1054946-
1016920 

SpectrumScreen Data Report for VRTXSD135 5/19/2006 (I)

Safety Pharmacology 
B231 Effects on Motor Coordination in the Rotarod Test in Sprague 

Dawley Rats Following a Single Oral Administration of VRT-
813077 

5/19/2006 (I)

B241 An In Vivo Telemetry Study of the Effects of VRT-813077 
Following a Single Oral Dose in Sprague Dawley Rats 

5/19/2006 (I)

VRT-813077-
TX-011 

VRT-813077: Cardiovascular Effects Following Oral (Gavage) 
Administration in Conscious, Telemetered Beagle Dogs 

5/19/2006 (I)

VRT-813077-
TX-012 

VRT-813077: Effects on HERG Tail Current Recorded from 
Stably Transfected HEK293 Cells 

5/19/2006 (I)

VRT-813077-
TX-013 

VRT-813077: Effects in the Irwin Test in Sprague Dawley Rats 5/19/2006 (I)

VRT-813077-
TX-017 

VRT-813077: Effects on Gastrointestinal Transit of a Charcoal 
Meal in Sprague Dawley Rats 

5/19/2006 (I)

VRT-813077-
TX-014 

VRT-813077: Effects on Respiration Rate and Tidal Volume in 
Sprague Dawley Rats 

5/19/2006 (I)

Pharmacokinetics 
Absorption 
B177 Pharmacokinetics of VRT-813077 in Male Cynomolgus Monkeys 

following Single Intravenous Administration 
5/19/2006 (I)

B178 Pharmacokinetics of VRT-813077 in Male CD-1 Mice Following 
Single Intravenous or Oral Administration 

5/19/2006 (I)

B204 Pharmacokinetics of VRT-813077 Following Intravenous and 
Oral Administration in Male Beagle Dogs 

5/19/2006 (I)

B239 Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
following Single Intravenous Administration 

5/19/2006 (I)

B240 Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
following Oral Administration at Seven Dose Levels in Three 
Formulations 

5/19/2006 (I)

B256 Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
Following Oral Administration in Suspension and PEG400-based 
Solutions 

5/19/2006 (I)

C001 Pharmacokinetics of VRT-813077 in Male Beagle Dogs 
Following Oral Administration in Suspension and PEG400-based 
Solutions 

5/19/2006 (I)

6536-378 
(C021) 

Absorption, Metabolism, Distribution, and Excretion of 14C-VRT-
813077 Following Oral and Intravenous Administration to Intact 
or BDC Rats 

5/19/2006 (I)

Distribution 
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B237 In Vitro Binding of VRT-813077 to Plasma Proteins in 
Mouse, Rat, Dog, Monkey, and Human Plasma 

5/19/2006 (I)

Metabolism 
B202 Evaluation of Induction of Liver Cytochrome P450 Isozymes in 

Male and Female Sprague-Dawley Rats Following Repeated 
Oral Administration of VRT-813077 

5/19/2006 (I)

B224 Assessment of VRT-813077 Inhibition Potential of Human 
Cytochrome P450 Isozymes 

5/19/2006 (I)

B230 In Vitro Assessment of Metabolic Stability of VRT-813077: 
Evaluation of Stability in Liver Subfractions (Microsomes and S9) 
from Mouse, Rat, Dog, Monkey, and Human and Stability in 
Hepatocytes from Rat, Dog, Monkey, and Human 

5/19/2006 (I)

B236 Identification of VRT-813077 Metabolites from In Vitro and In 
Vivo Matrices 

5/19/2006 (I)

B242 The In Vitro Stability of VRT-813077 in Human 
Recombinant CYP450 Isozymes 

5/19/2006 (I)

Toxicology 
Single-Dose Toxicity 
VRT-813077-
TX-007 

VRT-813077: A Single-Dose Oral (Gavage) Toxicity and 
Toxicokinetic Study in Mice with 2- and 14-Day Observation 
Periods 

5/19/2006 (I)

VRT-813077-
TX-008 

VRT-813077: A Single-Dose Oral (Gavage) Toxicity and 
Toxicokinetic Study in Rats with 2- and 14-Day Observation 
Periods 

5/19/2006 (I)

Repeat-Dose Toxicity 
VRT-813077-
TX-001 

VRT-813077: A 7-Day Oral Toxicity Study in Rats (Non-GLP) 5/19/2006 (I)

VRT-813077-
TX-009 

VRT-813077: 14-Day Oral (Gavage) Toxicity and Toxicokinetic 
Study in Rats (GLP) 

5/19/2006 (I)

VRT-813077-
TX-004 

VRT-813077: Preliminary 7-Day Oral (QD) Toxicity Study in 
Dogs (Non-GLP) 

5/19/2006 (I)

VRT-813077-
TX-010 

VRT-813077: A 14-Day Oral (Gavage) Toxicity and Toxicokinetic 
Study in Dogs 

5/19/2006 (I)

VX-770-TX-
001 

VX-770: 3-Month Oral Toxicity and Toxicokinetic Study in Rats 
with a 28 Day Recovery Period (GLP) 

6/5/2007 (I) 

VX-770-TX-
012 

VX-770: 3-Month Oral Carcinogenicity Range-Finding Study in 
Mice 

1/16/2009 (I)

VX-770-TX-
002 

VX-770: 3-Month Oral Toxicity and Toxicokinetic Study in Dogs 
with a 28-Day Recovery Period (GLP) 

6/5/2007 (I) 

VX-770-TX-
011 

VX-770: 12-Month Oral Toxicity and Toxicokinetic Study in Dogs 
with a 6-Month Interim Sacrifice and a 1-Month Recovery Period 

2/26/2010 (I)

VX-770-TX-
010 

VX-770: 6-Month Oral Toxicity and Toxicokinetic Study in Rats 
with a 1-Month Recovery Period 

1/16/2009 (I)

Genotoxicity 
In Vitro 
VRT-813077-
TX-003 

VRT-813077: Bacterial Reverse Mutation Assay 5/19/2006 (I)

VRT-813077-
TX-005 

VRT-813077: In Vitro Mammalian Chromosome Aberration Test 5/19/2006 (I)

In Vivo 
VRT-813077-
TX-006 

VRT-813077: Mammalian erythrocyte Micronucleus Test 5/19/2006 (I)

Carcinogenicity 
VX-770-TX-
013 

VX-770: A 24-Month Oral Carcinogenicity Study in Mice 1/3/2012 (N) 
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VX-770-TX-
014 

VX-770: A 24-Month Oral Carcinogenicity Study in Rats 1/3/2012 (N) 

Reproductive and Developmental Toxicity 
VX-770-TX-
008 

VX-770: Oral (Gavage) Fertility Study in Rats (GLP) 1/6/2012 (N) 

VX-770-TX-
006 

VX-770: Oral (Gavage) Developmental Toxicity Study in Rats 
(GLP) 

1/6/2012 (N) 

VX-770-TX-
007 

VX-770: Oral (Stomach Tube) Developmental Toxicity Study in 
Rabbits (GLP) 

1/6/2012 (N) 

VX-770-TX-
009 

VX-770: Oral (Gavage) Developmental and Perinatal/Postnatal 
Reproduction Toxicity Study in Rats, Including a Postnatal 
Behavioral/Functional Evaluation (GLP) 

1/6/2012 (N) 

Other Toxicity Studies 
Impurities 

Bacterial Reverse Mutation Assay: 
 

1/13/2012 
(N) 

Bacterial Reverse Mutation Assay:  1/13/2012 
(N) 

: Bacterial Reverse Mutation Assay 2/22/2010 (I)

: In Vitro Mammalian Chromosome Aberration Test 2/22/2010 (I)

, ,  and  
Bacterial Reverse Mutation Assay 

2/22/2010 (I)

(I) = IND 74,633; (N) = NDA 203-188 

3.2 Studies Not Reviewed  
The following studies were not reviewed because 1) they were not relevant for the 
safety evaluation of this application (e.g. evaluation of various dosing formulations), 2) 
similar or more complete studies were available or previously reviewed, or 3) they do 
not provide pivotal information in the nonclinical safety evaluation of the application. 
 
Study # Title EDR 

Location 
Pharmacokinetics 
Absorption 
B268 The In Vitro Permeability and Efflux Characteristics of VRT-

813077 in the Human Colon Carcinoma Cell Line (Caco-2) 
4.2.2.2 

E015 Pharmacokinetics and Dose-Proportionality of VX-770 in Male 
New Zealand White Rabbits Following Single Dose 
Oral Administration of VX-770  Suspended in 
0.5 % MC/ 0.5% SLS/ 0.01 % Simethicone 

4.2.2.2 

Distribution 
B251 Tissue Distribution of VRT-813077 in Male Sprague Dawley Rats 

Following Single Oral Administration 
4.2.2.3 

E166 Dosimetry Calculations for 14C-VX-770 Based on Tissue 
Concentration Data Following a Single Oral Administration to 
Rats 

4.2.2.3 

G168 Bronchoalveloar Lavage Fluid and Epithelial Lining Fluid 
Concentrations of VX-770 Following Oral Administration to Male 
Sprague Dawley Rats 

4.2.2.3 
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VX-770-
DMPK-DM-
040 

In Vitro Protein Binding of 14C-VX-770, 14C-VRT-837018, and 
14C-VRT-842917 to Mouse, Rat, Dog, and Human Plasma, 
HSA, AAG, and HGG, and Protein Binding Displacement 
Interactions between VX-770, VRT-837018, and VRT-842917 
and Warfarin 

4.2.2.3 

Metabolism 
H123 Evaluation of the Induction Potential of VX-809 and VX-661 on 

Cytochromes P450 in Human Hepatocyte Cultures and 
Associated Effects on the Metabolism of VX-770 

4.2.2.4 

Other Pharmacokinetic Studies 
D022 Pharmacokinetics of VX-770 in Male Sprague-Dawley Rats 

Following a Single Nominal Oral Dose of 35 mg/kg of VX-770 as 
Capsule Formulations 

4.2.2.7 

D142 Pharmacokinetics of VX-770 in Male Beagle Dogs Following 
Oral Administration of VX-770 in Different Tablet Formulations at 
10 mg/kg dose 

4.2.2.7 

D241 Pharmacokinetic Characteristics of VX-770 in Male Beagle Dogs 
Following Oral Administration of VX-770 in Different 
Formulations at Different Doses 

4.2.2.7 

D248 Pharmacokinetic Characteristics of VX 770 in Male Beagle Dogs 
Following Oral Administration of VX 770 at 60 and 120 mg/kg as 
a single dose or divided dose administered together or 10 hour 
apart 

4.2.2.7 

E026 Pharmacokinetics and Dose-Proportionality of VX-770 in Male 
Beagle Dogs Following Single Dose Oral 
Administration of VX-770 

4.2.2.7 

E039 Pharmacokinetic Characteristics of VX-770 in Male 
Sprague-Dawley Rats Following Oral Administration of VX-770 
in Different Formulations at Different Doses 

4.2.2.7 

E041 Effect of Food on the Pharmacokinetics of VX-770 
Following Oral Gavage Administration to Male Beagle 
Dogs 

4.2.2.7 

E042 Pharmacokinetics of VX-770 in Male Beagle Dogs Following 
Oral Administration of VX-770 in Suspension, Capsule and 
Tablet formulations at Different Doses 

4.2.2.7 

F120 Pharmacokinetics of VX-770 in Male Beagle Dogs Following 
Oral Administration of VX-770 in Different Formulations at 
Different Doses 

4.2.2.7 

F121 Pharmacokinetics of VX-770 following oral administration of VX-
770 immediate release (IR)  tablet 
formulations to male Beagle dogs 

4.2.2.7 

F122 Pharmacokinetics of VX-770 in Male Sprague-Dawley Rats 
Following Oral Administration of VX-770 in Different 
Formulations at Different Doses 

4.2.2.7 

F127 Pharmacokinetics of VX-770 in Male Beagle Dogs Following 
Oral Administration of VX-770 in Different Formulations at a 
Nominal Dose of 15 mg/kg 

4.2.2.7 

G130 Pharmacokinetic Characteristics of VX-770 in Male Beagle Dogs 
Following Oral Administration of VX-770 in Different 
Formulations at Different Doses 

4.2.2.7 

G132 Intravenous and Oral Pharmacokinetics of VRT-0837018 or 
VRT-0842917 in Male Sprague Dawley Rats 

4.2.2.7 

G202 Pharmacokinetic Characteristics of VX-770 in Male Beagle Dogs 
Following Oral Administration of VX-770 in Different 
Formulations 

4.2.2.7 
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Toxicology 
Repeat-Dose Toxicity 
VX-770-TX-
004 

VX-770: Maximum Tolerated Dosage (MTD) Oral (Stomach 
Tube) Toxicity and Toxicokinetics Study in Female Rabbits (non-
GLP) 

4.2.3.2 

Genotoxicity 
In Vitro 
AB05LA-
LB.501.BTL 

Salmonella Plate Incorporation Mutagenicity Assay: VRT-811899 
and VRT-813077 

4.2.3.3.1 

AB07YE.501 
.BTL 

Salmonella Plate Incorporation Mutagenicity Assay: VRT-
813077, Lot 11 

4.2.3.3.1 

In Vivo 
VRT-813077-
TX-002 

VRT-813077: Mammalian Erythrocyte Micronucleus Screening 
Assay 

4.2.3.3.2 

Reproductive and Developmental Toxicity 
VX-770-TX-
003 

VX-770: Oral (Gavage) Dosage-Range Finding Developmental 
Toxicity and Toxicokinetics Study in Pregnant Rats (non-GLP) 

4.2.3.5 

VX-770-TX-
005 

VX-770: Oral (Stomach Tube) Dosage-Range Developmental 
Toxicity and Toxicokinetics Study in Rabbits (non-GLP) 

4.2.3.5 

Local Tolerance 
VX-770-TX-
019 

VX-770: Skin Irritation to the Rabbit 4.2.3.6 

VX-770-TX-
020 

VX-770: The Bovine Corneal Opacity and Permeability Assay 
(BCOP) 

4.2.3.6 

Other Toxicity Studies 
Antigenicity 
VX-770-TX-
021 

VX-770: Assessment of Skin Sensitization Potential using the 
Local Lymph Node Assay in the Mouse (Pooled treatment group 
approach) 

4.2.3.7.1 

Other 
PDD-1326 VX-770 M1 & M6 Metabolite Synthesis Summary 4.2.3.7.7 
VX-770-TX-
015 

VX-809 and VX-770: A 28-Day Oral (Gavage) Combination 
Toxicity and Toxicokinetic Study in Rats with a 14-Day Recovery 
Period 

4.2.3.7.7 

VX-770-TX-
016 

VX-809 and VX-770: A 28-Day Oral (Gavage) Combination 
Toxicity and Toxicokinetic Study in Dogs with a 14-Day 
Recovery Period 

4.2.3.7.7 

 

3.3 Previous Reviews Referenced 
PharmTox Review of IND 74,633 dated May 19, 2006  
PharmTox Review of IND 74,633 dated June 5, 2007  
PharmTox Review of IND 74,633 dated January 16, 2009 (Mouse SPA) 
PharmTox Review of IND 74,633 dated January 16, 2009 (Rat SPA) 
PharmTox Review of IND 74,633 dated March 12, 2009  
PharmTox Review of IND 74,633 dated February 26, 2010  
PharmTox Review of IND 74,633 dated February 22, 2010  
PharmTox Review of NDA 203-188 dated January 3, 2012 (Mouse and Rat 
Carcinogenicity study results) 
PharmTox Review of NDA 203-188 dated January 6, 2012 (Reproductive Toxicology) 
PharmTox Review of NDA 203-188 dated January 13, 2012 (Chemistry Consultation) 
PharmTox Review of NDA 203-188 dated January 13, 2012  
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4 Pharmacology 

4.1 Primary Pharmacology 
See PharmTox reviews of IND 74,633 dated May 19, 2006, June 5, 2007, and January 
13, 2012. 

4.2 Secondary Pharmacology 
See PharmTox review of IND 74,633 dated May 19, 2006. 

4.3 Safety Pharmacology 
See PharmTox review of IND 74,633 dated May 19, 2006. 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
See PharmTox review of IND 74,633 dated May 19, 2006. See below for additional 
PK/ADME studies evaluated within this review. 
 
Absorption 
 
Study no. H130, “In Vitro Assessment of VX-770 as a substrate of P-
glycoprotein,” non-GLP. Bi-directional transport studies were conducted with stably 
transfected human MDR1 Madin-Darby Canine Kidney (MDCK) cells to determine 
whether VX-770 is a substrate of P-glycoprotein (P-gp), also known as MDR1. The 
efflux ratios of the permeability coefficients determined by monitoring the appearance of 
compound across a functionally polarized MDCK-MDR1 cell monolayer, in both the 
apical-to-basolateral (A>B) and basolateral-to-apical (B>A) directions, were used to 
determine if VX-770 is subject to active vectorial transport, and is therefore a potential 
substrate for P-gp. Efflux ratios of VX-770 at concentrations of 0.5 and 1 M were less 
than 1, indicating an absence of directional efflux. In contrast, the efflux ratio of 
quinidine, a positive control substrate for MDR1, was 7.8 which indicated significant 
efflux in MDCK-MDR1 cells. Therefore, VX-770 was not a substrate for P-gp under the 
conditions of the current in vitro study. 
 
Study no. VX-770-DMPK-DM-041, “P-gp Substrate and Inhibitor Assessment of 
the Customer's Test Compound (VX-770) and Two Metabolites (VRT-837018 and 
VRT-842917),” non-GLP. Bi-directional transport studies were conducted with Caco-2 
cells to determine whether VX-770, M1, and M6 are substrates or inhibitors of P-
glycoprotein (P-gp). The efflux ratios of the permeability coefficients determined by 
monitoring the appearance of compound across a functionally polarized Caco-2 cell 
monolayer, in both the apical-to-basolateral (A>B) and basolateral-to-apical (B>A) 
directions, were used to determine if VX-770, M1, and M6 are subject to active vectorial 
transport, and are therefore potential substrates for P-gp. The ability of VX-770, M1, and 
M6 to inhibit transport of the substrate digoxin was also assessed. The efflux ratios of 
digoxin and the test compounds were as follows: 20.4 for 10 M digoxin; 4.72, 3.02, and 
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2.01 for 1, 5, and 40 M VX-770; 27.3, 15.9, and 2.27 for 1, 10, and 100 M M1; and 
29.2 and 68.4 for 10 and 50 M M6.  
 
In the presence of cyclosporin A (CsA) or ketoconazole, the efflux ratios of digoxin 
decreased by 99% to 100%, the efflux ratios of VX-770 decreased by 92% to 96%, the 
efflux ratios of M1 decreased by 74% to 78%, and the efflux ratios of M6 decreased by 
14% to 39%. The results suggested that both VX-770 and M1 are P-gp substrates, and 
that M6 is not a P-gp substrate. 
 
In an IC50 determination assay, the IC50 concentrations of VX-770 and M1 for inhibition 
of digoxin transport were 0.170 M and 8.17 M. These results suggest that VX-770 
and M1 are inhibitors of P-gp at 2 and 10 M. M6 did not show a meaningful effect on 
digoxin transport and an IC50 values was not determined. 
  
Distribution 
 
Study no. VX-770-DMPK-DM-043, “Placental transfer and lacteal excretion of 14C-
VX-770 following administration of a single oral dose to pregnant and lactating 
rats,” GLP, with the following exception: the radiolabeled test article was not 
characterized in accordance with GLP or GMP regulations. Pregnant rats received 
single oral doses of 14C-VX-770 according to the following table: 
 

Table 5: Study design for placental transfer and lacteal excretion study in 
pregnant and lactating rats 

Group Na Route of 
administration

Target VX-
770 dose 

levelb 
(mg/kg) 

Target TA 
 

dose level  
(mg/kg) 

Target 
dose 

volume 
(mL/kg) 

Samples 
collected 

1d 5e Oral 100 200 5 Blood, 
carcass for 

WBA 
2f 5 Oral 100 200 5 Blood, 

carcass for 
WBA 

3g 15 Oral 100 200 5 Blood, 
plasma, and 

milk 
TA  = test article  (a  mixture of 14C-VX-770 and VX-770/HPMC-
AS/SLS, 50:49.5: 0.5, w:w:w). 
WBA = whole body autoradiography. 
Note: the target radioactive dose was 100 Ci/kg. The concentration of pure test material (VX-770/14C-
VX-770) in the dose formulation was approximately 20 mg/g (40 mg of prepared test article  

 mixture per g of dose formulation). 
 Animals were timed pregnant; b VX-770 dose level is in mg of VX-770 (VX-770/14C-VX-770) per kg of 

animal bodyweight; c TA  dose level is in mg of TA  per kg of animal bodyweight; d 
Animals were dose on Day 13 of gestation; e Three extra animals designated as Group 1 extras 
(Gestation Day 13) were dosed and designated for use as possible replacements; f Animals were dosed 
on Day 18 of gestation; g Animals were dosed 9 to 10 days postpartum. 
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One animal/group/time point in Groups 1 and 2 was prepared for WBA at 1, 2, 4, 8, and 
24 hrs postdose. Three extra Group 1 animals were prepared for WBA at 1, 4, and 24 
hrs postdose. Animals were sacrificed via exsanguination under anesthesia and blood 
(~2 to 10 mL) was collected prior to preparation of carcasses for WBA. Milk was 
collected from 3 animals/time point in Group 3 at 1, 2, 4, 8, and 24 hrs postdose. 
Following milk collection, animals were sacrificed via exsanguination under anesthesia 
and blood (~4 to 10 mL) was collected.  
 
In Group 1 animals (dosed on gestation Day 13), blood and plasma levels of 
radioactivity were highest at 4 hrs postdose (5350 and 7010 ng Equivalents 14C-VX-
770/g, respectively). In Group 2 animals (dose on gestation Day 18), blood and plasma 
levels of radioactivity were also highest at 4 hrs postdose (6430 and 8580 ng 
Equivalents 14C-VX-770/g, respectively). In Group 3 animals (dosed on postpartum 
Days 9-10), blood and plasma levels of radioactivity were greatest at 4 hrs postdose 
(6510 and 9140 ng Equivalents of 14C-VX-770, respectively), and milk levels of 
radioactivity were greatest at 8 hrs postdose (14000 ng Equivalents 14C-VX-770/g). 
Milk:plasma concentration ratios increased to greater than 1 at 8 and 24 hrs postdose 
(1.68 and 2.43, respectively). 
 
After oral administration of 14C-VX-770 to pregnant rats, radioactivity reached a 
maximum in most tissues by 4 or 8 hrs postdose. In Group 1, tissues with the highest 
amount of radioactivity (excluding GI tract and contents) included the liver, adrenal 
gland, harderian gland, kidney cortex, kidney, pancreas, kidney medulla, fat (brown), 
myocardium, and parotid gland (130000, 66900, 66400, 52000, 47400, 45700, 43300, 
40000, 38100, and 31600 ng Equivalents 14C-VX-770/g, respectively). Radioactivity was 
also detected in the amniotic sac (12000 and 27500 at 4 and 24 hrs), placenta (11900 
and 15100 at 4 and 24 hrs), uterus (7110, 4410, and 15300 at 4, 8, and 24 hrs), and in 
one fetus (3900) at 24 hrs. In Group 2, tissues with the highest amount of radioactivity 
(excluding GI tract and contents) included the liver, adrenal gland medulla, adrenal 
gland, pancreas, adrenal gland cortex, kidney cortex, kidney, kidney medulla, thyroid, 
salivary gland, and myocardium (149000, 85800, 80100, 71000, 68900, 60400, 56900, 
53500, 53000, 51300, and 45000 ng Equivalents 14C-VX-770/g, respectively). 
Radioactivity was also detected in the amniotic sac (2800, 7310, 8400, and 9440 at 2, 4, 
8, and 24 hrs, respectively), placenta (1220, 8560, 18600, 19300, and 11400 at 1, 2, 4, 
8, and 24 hrs, respectively), uterus (2890, 10400, 15600, and 8860 at 2, 4, 8, and 24 
hrs, respectively) and in fetal liver and lung (4600 and 1520, respectively) at 24 hrs 
postdose. In Groups 1 and 2, most tissue:plasma concentration ratios were greater than 
1 through 24 hrs postdose. 
 
Study no. VX-770-DMPK-DM-046, “Placental transfer of 14C-VX-770 following 
administration of a single oral dose to pregnant rabbits,” GLP, with the following 
exception: the radiolabeled test article was not characterized in accordance with GLP or 
GMP regulations. Pregnant rabbits received single oral doses of 14C-VX-770 according 
to the following table: 
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CYPs, at an initial concentration of 1 M, CYP3A4 and CYP3A5 were able to 
metabolize VX-770 and M1 from a panel of 9 CYPs, which was determined by both 
parent loss and metabolite formation. M6 was metabolically stable in all 9 CYPs. The 
formation of metabolites of probe substrate confirmed the enzyme activity of these 
recombinant CYPs (Table 7). 
 
In HLM, at an initial concentration of 1 M, the rate of metabolism for VX-770 and M1 
was decreased when the CYP3A inhibitor ketoconazole or monoclonal antibody to 3A4 
was present, thus implying that microsomal CYP3A contribute to the metabolism of VX-
770 and M1 in HLM (Table 8). 

Table 7: Metabolism of VX-770, M1, or M6 in human recombinant cytochrome 
P450s 
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Table 8: Effect of specific cytochrome P450 inhibitors on metabolism of VX-770, 
M1, or positive controls 

 
 
Study no. VX-770-DMPK-DM-038, “Induction Potential of VX-770 and Metabolites 
VRT-842917 and VRT-837018 on Cytochromes P450 in Human Hepatocyte 
Cultures and Cytotoxicity in Cultured Human Hepatocytes,” non-GLP. The 
induction potential of VX-770, VRT-837018 (M1), and VRT-842917 (M6) on the 
isoenzyme selective cytochrome P450 activities phenacetin O-deethylase (CYP1A2), 
coumarin 7-hydroxylase (CYP2A6), bupropion hydroxylase (CYP2B6), amodiaquine N-
deethylase (CYP2C8), diclofenac 4 -hydroxylase (CYP2C9), S-mephenytoin 4 -
hydroxylase (CYP2C19), and testosterone 6 -hydroxylase (CYP3A4/5) was assessed 
in cultured human hepatocytes from human donors. Human hepatocytes were 
incubated for 72 hours with VX-770 (0.3, 3, 30 M), M1 (1, 10, 100 M), or M6 (0.3, 3, 
30 M), a prototypical inducer for each enzyme, or an appropriate solvent control for 
each test article and prototypical inducer. Subsequently, cytochrome P450 activities in 
treated hepatocytes were determined with isoenzyme-selective cytochrome P450 
substrates. The data indicate that VX-770, M1, and M6 are not inducers of cytochromes 
P450 CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, or CYP3A4/5 in 
human hepatocytes cultures under the conditions of this study (The percent increase for 
each test article on each cytochrome P450 compared with the induction response for 
prototypical inducers was < 40%, which is the cutoff for clinically relevant induction as 
per draft guidance). VX-770, M1, and M6 decreased cytochrome P450 activities in 
hepatocyte cultures at high test article concentrations (30, 100, and 30 M, 
respectively). The mechanism of observed decreases in activities was not determined. 
Additional experiments that incorporated measurements of cytotoxicity showed that 
cytotoxicity or decreases in activities of multiple CYP450 enzymes (3A4/5, 2B6, 1A2) 
did not occur at or below predicted clinically relevant concentrations of 6, 30, and 9 M 
for VX-770, M1, and M6, respectively. 
 
Study no. Study no. VX-770-DMPK-DM-039, “Inhibitory Potential of VX-770 and 
Metabolites VRT-842917 and VRT-837018 on Human Hepatic Microsomal 
Cytochromes P450,” non-GLP. The direct inhibitory potential of VX-770, VRT-837018 
(M1), or VRT-842917 (M6) on cytochrome P450 activities phenacetin O-deethylase 
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(CYP1A2), coumarin 7-hydroxylase (CYP2A6), bupropion hydroxylase (CYP2B6), 
amodiaquine N-deethylase (CYP2C8), diclofenac 4’-hydroxylase (CYP2C9), S-
mephenytoin 4’-hydroxylase (CYP2C19), bufuralol 1’-hydroxylase (CYP2D6), 
chlorzoxazone 6-hydroxylase (CYP2E1), testosterone 6 -hydroxylase (CYP3A), and 
midazolam 1’-hydroxylase (CYP3A) was assessed in vitro using human hepatic 
microsomes. Microsomes were incubated with isoenzyme-selective substrates at 
concentrations approximating the Km value in the absence and presence of VX-770, 
M1, or M6 (0.03 to 100 M). The extent of inhibition was assessed by comparing 
activities from control and test article-treated microsomes. The data indicated that VX-
770 and M1 are inhibitors of cytochromes P450 CYP2C8, CYP2C9, and CYP3A in vitro 
(Table 9). 
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Table 9: Inhibition of cytochrome P450 activities by VX-770, M1, and M6 in human 
hepatic microsomal incubations 

 

5.2 Toxicokinetics  
Assessment of TK parameters was included with toxicity study reviews. See PharmTox 
reviews of IND 74,633 dated May 19, 2006, June 5, 2007, January 16, 2009, March 12, 
2009, and February 26, 2010. 
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6 General Toxicology 

6.1 Single-Dose Toxicity 
See PharmTox review of IND 74,633 dated May 19, 2006. 

6.2 Repeat-Dose Toxicity 
See PharmTox reviews of IND 74,633 dated May 19, 2006, June 5, 2007, January 16, 
2009, March 12, 2009, and February 26, 2010. 

7 Genetic Toxicology 
See PharmTox review of IND 74,633 dated May 19, 2006. 

7.4 Other Genetic Toxicity Studies 
See PharmTox review of IND 74,633 dated February 22, 2010 and review of NDA 203-
188 dated January 13, 2012 (Chemistry Consultation). 

8 Carcinogenicity 
See PharmTox review of NDA 203-188 dated January 3, 2012. 

9 Reproductive and Developmental Toxicology 
See PharmTox review of NDA 203-188 dated January 6, 2012. 

10 Special Toxicology Studies 
Evaluation of special toxicology studies was not included in this review as they do not 
provide pivotal information in the nonclinical safety evaluation of the application. 

11 Integrated Summary and Safety Evaluation 
Vertex Pharmaceuticals, Inc. has submitted a 505(b)(1) New Drug Application (NDA) for 
VX-770 (Ivacaftor), a NME. The proposed indication is for the chronic treatment of cystic 
fibrosis (CF) in patients ages 6 years and older who have the G551D mutation in the 
CFTR gene. The proposed dose is 150 mg twice daily (300 mg/day) via the oral route of 
administration. 
 
Ivacaftor represents a proposed new class of drugs, known as CF transmembrane 
conductance regulator (CFTR) potentiators that provide a new therapeutic approach to 
the treatment of CF by restoring the function of the CFTR protein. Currently, there are 
no marketed drugs in this pharmacological class and no approved drugs targeting the 
dysfunctional CFTR channel. Ivacaftor has a novel mechanism of action: it acts on the 
CFTR protein to increase the channel open probability (or gating) to enhance chloride 
transport and appears to be selective for CFTR in vitro. 
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The complete, nonclinical safety program for VX-770 included pharmacology, safety 
pharmacology, toxicology, genotoxicity, carcinogenicity, and reproductive toxicology 
studies. 
 
Pharmacology: The pharmacologic activity of VX-770 on mutant forms of the CFTR 
protein were characterized in vitro primarily using electrophysiological techniques, such 
as Ussing chamber studies in which CFTR-mediated chloride transport was measured 
as a change in short circuit current (ISC) following addition of a cAMP agonist (e.g. 
forskolin) or single-channel patch clamp studies to measure the channel-open 
probability of single CFTR channels at the cell surface. Studies were performed using 
recombinant cells lines expressing single mutant CFTR forms or cultured human 
bronchial epithelial cells (HBE) obtained from patients with CF. No in vivo pharmacology 
studies were performed as there are no validated CF animal models. 
 
VX-770 pharmacological effects on G551-CFTR in vitro 
The G551D-CFTR gene mutation is the most common CFTR gating mutation. Early 
Ussing chamber studies that were performed to examine the effect of VX-770 on ISC in 
Fisher rat thyroid (FRT) cells expressing G551-CFTR protein showed that addition of 
VX-770 to forskolin-stimulated cells increased ISC with an EC50 of 36 nM (Study no. 
B227). In additional pharmacology studies, VX-770 increased CFTR-mediated ISC in 
rodent cells expressing G551D-CFTR following addition of a cAMP agonist with an EC50 
of 100 ± 47 nM (see Figure 1 below, excerpted from 2.6.2. Pharmacology Written 
Summary, p. 9); however, VX-770 did not increase ISC in the absence of cAMP agonist. 
VX-770 also increased ISC in human bronchial epithelial cells expressing 
G551D/F508del-CFTR following addition of a cAMP agonist with an EC50 of 236 nM 
(Van Goor et al., PNAS, 106:18825-18830). Addition of a CFTR inhibitor abolished ISC 
in the above recombinant FRT and HBE Ussing chamber studies. VX-770 also 
increased the open probability of G551D-CFTR in single channel patch clamp 
experiments using membrane patches from rodent cells expressing G551D-CFTR by 
10-fold versus untreated cells after addition of PKA and ATP (see Figure 2 below, 
excerpted from 2.6.2. Pharmacology Written Summary, p. 10). VX-770 did not increase 
cAMP levels in FRT cells (Study no. B228). These data are consistent with ivacaftor 
(VX-770) as a potentiator of the CFTR protein. 
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The above in vitro data appear to support the conclusion that VX-770 acts as a 
potentiator in cell lines expressing G551D-CFTR. VX-770 increased CFTR-mediated 
transport after cAMP activation only and increased the channel-open probability (or 
gating potential) of G551D-CFTR located at the cell surface. Ivacaftor (VX-770) will be 
classified as a Cystic Fibrosis Transmembrane Conductor Regulator (CFTR) 
Potentiator. 
 
VX-770 pharmacological effects on other CFTR mutations in vitro 
The pharmacologic effects of VX-770 on other CFTR mutations were also examined in 
vitro. Multiple studies showed that VX-770 had positive effects on F508del-CFTR 
expressing cell types (the F508del-CFTR mutation is a processing mutation present in 
90% of CF patients which impairs CFTR processing in the endoplasmic reticulum and 
reduces the amount of F508del-CFTR protein at the cell surface):  

 VX-770 increased forskolin-stimulated chloride flux in F508del-CFTR NIH3T3 
cells with an EC50 = 3.0 nM and in F508del-CFTR FRT cells with an EC50 of 18.6 
nM (Study no. B227); 

 VX-770 increased forskolin-stimulated chloride flux in F508del-CFTR HBE cells 
with an EC50 = 33 nM as well as in intact nasal epithelial tissue from CF patients 
Study no. B229); 

 In Ussing chamber studies, VX-770 increased forskolin-stimulated chloride flux 
with similar potency when added to either apical or basolateral sides of F508del-
CFTR HBE cells (Study no. C172). 

 
However, it should be noted that VX-770 showed no clinical efficacy in patients 
homozygous for the F508del-CFTR mutation. 
 
The applicant also evaluated the effects of VX-770 on an additional set of CFTR 
mutants that were expressed in stably transfected FRT cells or present in HBE isolated 
from CF patients (Study no. G205). Key findings of the study were as follows, and Table 
10  summarizes study result by mutation class (Table 10 was excerpted from PharmTox 
review of NDA 203188 dated January 13, 2012, see review for compete details of 
mutant screening studies): 

 VX-770 (10 M) increased chloride current (ISC) in forskolin-treated (10 M) 
Fischer Rat Thyroid cells stably transfected with some classes of mutant CFTR to 
varying levels from no improvement to 157% of wild-type (G551S); 
 Addition of VX-770 to FRT cells stably transfected with wild-type CFTR exhibited 
an increased ISC of 147% that of wild-type CFTR in cells treated with forskolin 
alone and increased the open channel probability Po in the presence of 10 M 
forskolin from ~40% to ~80%; 
 Mutations affecting channel gating were most improved, mutations introducing 
conductance or mild post-translational processing defects were variably improved 
upon VX-770 treatment.  By contrast, mutations introducing severe post-
translational processing defects were most resistant to VX-770; 
 Treatment of FRT cells transfected with the G551D mutation targeted by the 
sponsor in the current NDA submission exhibited an ISC 1% of wild-type before 
VX-770 and an ISC of 55% after VX-770 treatment; 
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dopamine transporter (IC50 = 0.85 M). As tissues distribution studies in rats showed 
little VX-770 in the brain, this finding may have little relevance to humans. VX-770 
inhibited a number of other targets with IC50 < 10 M. These targets are presented in 
the table below (excerpted from 2.6.2. Pharmacology Written Summary, p. 21). 
 

Table 11: Significant responses (IC50 < 10 M) in radioligand binding assays 

 
 
Safety Pharmacology: Safety pharmacology studies were conducted to assess the 
neurological, cardiovascular, pulmonary, and gastrointestinal effects of VX-770. 
Treatment-related findings were limited to inhibition of hERG current in vitro and a 
decrease in gastrointestinal motility in rats that received single oral doses of VX-770. 
  
Cardiovascular effects - In an in vitro hERG assay in transfected HEK293 cells, VX-770 
inhibited hERG current by 34% at 8 M VX-770. The IC15 was determined to be 5.5 M. 
IC50 was not determined due to limited solubility of VX-770 at concentrations greater 
than 8 M. In vivo, VX-770 did not affect systolic or diastolic blood pressure, heart rate 
or body temperature in telemetered male rats up to 22 hrs after single oral doses up to 
100 mg/kg. VX-770 also did not affect mean heart rate or ECG parameters, including 
QTc, in telemetered male dogs up to 6 hrs after single oral doses up to 60 mg/kg. A 
transient, dose-related increase in blood pressure was observed in high-dose dogs at 
60 min post-dose, but the change was considered non-adverse due to its small 
magnitude. 
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Gastrointestinal effects - VX-770 significantly decreased gastrointestinal transit (as 
measured by distance traveled by a charcoal meal) in male rats after single oral doses 
of 500 and 1000 mg/kg (-26 and -49%, respectively) versus controls. VX-770 also 
significantly decreased gastrointestinal emptying (as measured by increased stomach 
weight by 33 to 82% after a charcoal meal) after single oral doses of 250, 500, and 
1000 mg/kg versus controls. 
 
Neurological effects - VX-770 did not impair motor coordination in rats on an 
accelerating rotarod at oral doses up to 200 mg/kg. VX-770 also had no effects in the 
Irwin test in rats that received single oral doses up to 1000 mg/kg. 
 
Pulmonary effects - VX-770 did not significantly alter respiratory rate or tidal volume in 
male rats at single oral doses up to 1000 mg/kg versus controls. 
 
ADME: The oral single-dose pharmacokinetics (PK) of VX-770 were evaluated in mice, 
rats, dogs, and rabbits (rabbit single-dose PK studies were not evaluated in this review). 
The time to maximum plasma concentration (Tmax) in mice, rats and dogs was 2-24 hrs 
and Tmax generally increased with increasing dose. VX-770 half-lives (T1/2) ranged from 
2-3 hrs in mice, 9-17 hrs in rats, and 10-14 hrs in dogs (see PharmTox review of IND 
74,633 dated May 19, 2006). Oral bioavailability ranged from 4 to > 100% and was 
dependent on the dosing formulation. In repeat-dose toxicology studies in mice, rats, 
dogs, and rabbits, systemic exposure of VX-770 generally increased with dosing 
duration, suggesting accumulation of VX-770 in plasma over time.  
 
Protein binding of VX-770 was > 99% in vitro in mouse, rat, dog, monkey, and human 
plasma (Study no. B237). Tissue distribution of radioactivity in Sprague Dawley male 
rats (Study no. 6536-378) that received single oral or IV doses of 14C-VX-770 occurred 
widely throughout the body with the highest concentrations in stomach, small intestine, 
liver, adrenal gland, kidney, large intestine, lungs, lymph nodes, pancreas, salivary 
glands, and thyroid (e.g. organs of elimination and secretion). Only small amounts of 
radioactivity were found in the brain. Tissue distribution was similar in Long Evans rats. 
Placental transfer of 14C-VX-770 was also observed in pregnant rats and rabbits, and 
radiolabeled drug was detected in the milk of lactating rats. 
 
Major metabolites of VX-770, M1 and M6, were identified in vivo in rats following 
administration of single oral doses of 14C-VX-770 (Study no. 6536-378). In this study, 
unchanged parent drug accounted for 85.8, 79.0, and 99.3% of radioactivity in plasma 
samples at 1-, 4-, and 24-hrs post-dose. The primary metabolite observed in plasma 
was M1 (hydroxymethyl-VX-770). M6 (VX-770-carboxylate) was also detected. 
Unchanged VX-770 accounted for approximately 30-36% of radioactivity excreted in 
feces, the primary route of elimination for the rat. Total radioactivity eliminated in the 
feces was 55-58%. The metabolic profile of VX-770 was also determined in vitro (in liver 
microsomes and hepatocytes from rat, dog, monkey, and human) and from in vivo 
matrices (rat, dog, and monkey plasma and urine following oral or IV dosing; Study no. 
B236). Metabolism of VX-770 was qualitatively similar among species. The following 
metabolites were observed: M1 (oxidation on t-butyl group), M2 (oxidation on t-butyl 
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group), M3 (direct glucuronidation), M4-1 (oxidation on oxoquinoline), M4-2 (oxidation 
on oxoquinoline), M4-3 (oxidation on oxidation on oxoquinoline), M5 (hydroxyl-
glucuronidation), and M6 (sequential methyl oxidation to acid).  
 
In repeat-dose toxicology studies in mice (3-months), rats (6-months), and dogs (12-
months), parent drug accounted for the majority of total drug in plasma, followed by M1 
and M6. This is in contrast to human studies in which M1 accounted for the majority of 
total drug in plasma, followed by M6 and parent drug. M1 and M6 are considered to be 
disproportionate human metabolites. The proposed metabolic pathways for VX-770 are 
shown in the figure below. 
 

  

Figure 3: Proposed metabolic pathway of VX-770 in rats and humans 
 
In vitro studies using recombinant human cytochrome P450s (CYPs) (Study nos. B242 
and H191) showed that VX-770 and M1 were metabolized primarily by CYP3A4 and to 
a lesser extent by CYP3A5. CYP3A inhibitor ketoconazole or monoclonal antibody to 
3A4 decreased metabolism of both VX-770 and M1, thus confirming the involvement of 
CYP3A in drug product metabolism. Studies in cultured human hepatocytes showed 
that VX-770, M1, and M6 were not inducers of CYP1A2, CYP2A6, CYP2B6, CYP2C8, 
CYP2C9, CYP2C19, or CYP3A4/5 (Study no. VX-770-DMPK-DM-038).  Studies in 
human liver microsomes indicated that VX-770 and M1 are inhibitors of CYP3A, and to 
a lesser extent, CYP2C8 and CYP2C9 in vitro. 
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In vitro studies using Madin-Darby Canine Kidney (MDCK) cells or Caco-2 cells (Study 
nos. H130 and VX-770-DMPK-DM-041) failed to provide convincing evidence that VX-
770 is a substrate of P-glycoprotein (P-gp); however, VX and M1 were both inhibitors of 
P-gp in the Caco-2 cell assay at 2 and 10 M, respectively. 
 
Toxicology: General toxicology studies were conducted in the mouse, rat, and dog up to 
3-months, 6-months, and 12-months, respectively, and salient findings from these 
studies are summarized below. Target organs identified by general toxicity studies 
included the liver in mice and rats (hepatocellular necrosis, increased ALT), the heart in 
rats (exacerbation of spontaneous cardiomyopathy and medial coronary artery 
degeneration; these findings are believed to be specific to rats and have little or no 
relevance to humans), and the gastrointestinal tract in dogs (clinical signs of abnormal 
feces and vomiting). Supraventricular premature complex (SVPC) was also observed in 
dogs in the 12-month toxicity study. Gastrointestinal clinical signs and ECG findings 
were considered to be clinically monitorable and were not used in safety factor 
determinations for clinical doses. 
 
In the 3-month mouse study, mice received oral doses of 0, 100, 300, 600, and 1000 
mg/kg/day VX-770. The 3-month mouse study was performed to identify target organs 
of toxicity and to determine a maximum tolerated dose (MTD) for chronic administration 
in the 2-year carcinogenicity study in mice. Clear, treatment-related early deaths were 
observed at 600 (3 males and 4 females) and 1000 (11 males and 11 females) 
mg/kg/day. Early deaths also occurred for males at 100 and 300 mg/kg/day (1 in each 
group), but relationship to test article was unclear. Histopathological finding observed in 
both early deaths and scheduled sacrifices included focal necrosis of the liver. Related 
clinical chemistry changes included increased ALT at 600 mg/kg/day (69% in males) 
and at 1000 mg/kg/day (159% in males and 197% in females). The NOAEL was 
identified as < 100 mg/kg/day and the MTD was identified as 300 mg/kg/day.  
 
In the 3-month rat study, rats received oral doses of 0, 50, 100, 200, and 400 mg/kg/day 
VX-770. The study also included a 28-day recovery period. Test article-related deaths 
were observed at 200 (4 deaths) and 400 (10 deaths) mg/kg/day. Dosing at the 400 
mg/kg/day level was stopped on Day 30 due to severe clinical signs and unscheduled 
deaths. Dose-dependent increases in liver weight were observed in treated males (up to 
30.5%) and females (up to 36.5%) and correlated with liver histopathology findings at 
200 and 400 mg/kg/day. Central lobular hepatocellular necrosis was observed in one 
male at 200 mg/kg/day and 2 males and 1 female at 400 mg/kg/day (also accompanied 
by increases in ALT up to 2.3-fold in 200 mg/kg/day males and females and up to 5.5-
fold in 400 mg/kg/day males and females). Other histopathological findings at 200 and 
400 mg/kg/day included dilated/cystic mucosal lymphatics, small vacuoles in the villus 
lamina propria, and small intracytoplasmic vacuoles in the epithelium in the intestinal 
tract (duodenum, jejunum, and ileum). Hypocellular metaphyseal bone marrow was also 
observed in the femur/tibia of animals at 400 mg/kg/day. Kidney cortex convoluted 
basophilic tubular epithelia was observed at 100 and 200 mg/kg/day (the incidence may 
have been lower at 400 mg/kg/day due to early deaths noted at that dose level). The 
NOAEL was identified as 50 mg/kg/day. 
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In the 6-month rat study, rats received oral doses of 0, 50, 100, and 150 mg/kg/day VX-
770. The study also included a 28-day recovery period. Test article-related deaths 
(between Days 28 and 181) were observed at 100 and 150 mg/kg/day (3/15 males at 
100 mg/kg/day; 8/15 males and 6/15 females at 150 mg/kg/day). Relationship of death 
of one 50 mg/kg/day female and one 100 mg/kg/day female to test article was 
undetermined. Statistically significant, dose-dependent decreases in body weight were 
observed in all male treatment groups (up to -16%) and in 100 and 150 mg/kg/day 
females (up to -11%). Histopathological findings were noted in the heart and kidneys for 
control and drug-treated rats; however, VX-770 appeared to exacerbate these rat-
specific findings at 100 and 150 mg/kg/day. In the heart, cardiomyopathy was increased 
in mid- and high-dose females and coronary medial degeneration was increased in mid- 
and high-dose males and females. In the kidney, chronic progressive nephropathy was 
increased in mid- and high-dose males and in all female treatment groups. Changes in 
clinical chemistry [increased BUN in all male treatment groups (up to 100%) and mid- 
and high-dose females (up to 53%), creatinine in high-dose females (25%), phosphate 
in mid- and high-dose males (up to 13%) and all female treatment groups (up to 40%), 
and magnesium in mid- and high-dose males (up to 15%) and all female treatment 
groups (up to 11%)] and urinalysis parameters may correlate with exacerbated chronic 
progressive nephropathy. Heart and kidney histopathological findings are commonly 
observed in aging rats (Ruben et al., Guides for Toxicologic Pathology, ATP/ARP/AFIP, 
2000), and chronic progressive nephropathy is not likely relevant to humans. 
Exacerbation of spontaneous cardiomyopathy and medial coronary artery degeneration 
are likely rat-specific and not relevant to humans. There were no liver histopathology 
findings in the 6-month rat study versus the 3-month study in rats. The only evidence of 
liver involvement in the 6-month rat study was increased ALT in mid- and high-dose 
males (up to 58%) and high-dose females (38%). The NOAEL was identified as 50 
mg/kg/day due to deaths and increased heart and kidney findings at the mid- and high-
dose. 
 
In the 12-month dog study, dogs received oral doses of 0, 15, 30, and 60 mg/kg/day 
VX-770. The study also included a 6-month interim sacrifice and a 28-day recovery 
period. Like the 14-day and 3-month dog toxicity studies which used the same treatment 
doses, VX-770-related incidences of abnormal stool occurred in all treated animals and 
an increased incidence of vomiting was observed in high-dose males and mid- and 
high-dose females. Test article-related findings in dogs were limited to supraventricular 
premature complex (SVPC) in one 30 mg/kg male and two 60 mg/kg animals (one male 
and one female). The SVPC in the 60 mg/kg female occurred at a high frequency during 
the treatment period (Months 3, 6, 9, and 12). This finding could not be excluded as 
unrelated to treatment, although it was not accompanied by any histopathological 
findings in the heart. As this finding was considered clinically monitorable, it was not 
considered to be a dose-limiting toxicity in the 12-month dog study. 2° AV block was 
also observed in one low-dose female, one mid-dose male, and one high-dose female 
throughout the dosing period in the 12-month dog study. One or two occurrences of 
ventricular premature complex (VPC) were also observed in two 60 mg/kg females in 
the 3-month dog toxicity study. These findings are of questionable relationship to 
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treatment. Of note, ECG treatment-related findings were more apparent in a 28-day dog 
toxicity study (no. VX-770-TX-016) with the combination of VX-770 and VX-809. In this 
study co-administration of VX-770/VX-809 resulted in prolonged PR intervals (1° AV 
block) in 3/12 and 10/12 dogs at 15/600 and 60/600 mg/kg/day, respectively. Co-
administration of VX-770/VX-809 also produced SVPC in 8/12 dogs in the 60/600 
mg/kg/day dose group. Some SVPCs occurred during the inspiratory phase of the 
respiratory cycle; therefore, early supraventricular depolarization with the P wave in 
contact with the previous T wave, not buried in the previous T wave, could be resulting 
from exaggerated respiratory sinus arrhythmia (from PharmTox review of Vertex IND 
79,521 dated September 28, 2011). The NOAEL was identified as 30 mg/kg/day in the 
12-month dogs study, due to the SVPC finding; however, the LOAEL of 60 mg/kg/day 
was used for safety factor evaluation for clinical doses. 
 
Toxicokinetic assessment of VX-770 and its major metabolites, M1 and M6, was 
included in the 3-month mouse study, as well as the chronic rat and dog studies. 
Results of TK assessment showed that animals were exposed to VX-770, M1, and M6 
throughout the dosing duration of each study. Accumulation of VX-770, M1, and M6 was 
observed with repeated dosing. In contrast to human clinical studies in which exposure 
to M1 and M6 metabolites are significantly greater than the parent drug, VX-770, 
exposures to parent drug were significantly higher than M1 and M6 in the mouse, rat, 
and dog. M1 and M6 were regarded as disproportionate human metabolites in humans. 
Chronic rat and dog studies provided adequate clinical coverage (greater than one on 
an AUC basis) for the parent drug, VX-770. The rat (male) also provided adequate 
coverage for the M1 metabolite. Coverage for the M6 metabolite was approximately 
50% of human exposure in the rat (male), although this was considered to be sufficient. 
It is noted that the structure of VX-770 and the M6 metabolite are relatively similar and 
only differ by the presence of a carboxylic acid group in M6. Exposure margins for VX-
770, M1, and M6 for the proposed human clinical dose of 300 mg/day (150 mg q12h) 
relative to the 3-month mouse MTD, 6-month rat NOAEL, and 12-month dog LOAEL are 
presented in Table 12. 
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Table 12: Exposure margins (VX-770, M1, and M6) for the proposed human dose 
of 300 mg/day relative to 3-month mouse toxicity study MTD, 6-month rat toxicity 
study NOAEL, and 12-month dog toxicity study LOAEL 

VX-770 Exposure Margins for 
Clinical Dose of 300 mg/day 

 
VX-770 

AUC0-24 hr 
( g*hr/mL) 

 
AUC0-24hr = 27.2 g*hr/mL 

 

 
 

VX-770 
 
 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human (F/M) 

3-mo mouse MTDa 300 198 159 7.2/5.8 
6-mo rat NOAELa 50 561 445 20.6/16.4 

12-mo dog LOAELa 60 254 351 9.3/12.9 
 

M1 Exposure Margins for 
Clinical Dose of 300 mg/day 

 
M1 

AUC0-24 hr 
( g*hr/mL) 

 
AUC0-24hr = 120 g*hr/mL 

 

 
 

M1 
(VRT-837018) 

 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human (F/M) 

3-mo mouse MTDa 300 35.8 15.5 0.3/0.1 
6-mo rat NOAELa 50 75.2 131 0.6/1.1 

12-mo dog LOAELa 60 40.4 49.4 0.3/0.4 
 

M6 Exposure Margins for 
Clinical Dose of 300 mg/day 

 
M6 

AUC0-24 hr 
( g*hr/mL) 

 
AUC0-24hr = 83.5 g*hr/mL 

 

 
 

M6 
(VRT-842917) 

 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human (F/M) 

3-mo mouse MTDa 300 8.05 4.42 0.09/0.05 
6-mo rat NOAELa 50 14.7 38.9 0.2/0.5 

12-mo dog LOAELa 60 5.5 7.3 0.07/0.09 
a AUC values were determined using blood samples taken on Day 90, Day 181, and Day 365 of dosing 
for mouse, rat, and dog studies, respectively. 
 
Genetic Toxicology: 
VX-770 was negative in a complete battery of genetic toxicology tests, including a 
bacterial reverse mutation assay, a Chinese hamster ovary chromosomal aberration 
assay and in an in vivo mouse micronucleus assay. 
 
Carcinogenicity: 
Mouse Carcinogenicity Study - In a 2-year carcinogenicity study, VAF/Plus Crl:CD-1 
(CR) BR mice received oral doses of VX-770 at 25, 75, and 200 mg/kg/day. Vehicle 
control groups (0.5% w/v methylcellulose with 0.5% w/v sodium lauryl sulfate in water) 
with and without 0.01% simethicone were also included in the study. No statistically 
significant test article-related tumor findings were observed. There were no test article-
related effects on survival or body weight versus controls. Accumulation of VX-770 and 
metabolites M1 and M6 was observed in males and females by Months 6 and 12. In 
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addition, systemic exposures of VX-770, M1, and M6 were generally greater in females 
than males. 
 
Rat Carcinogenicity Study - In a 2-year carcinogenicity study, VAF/Plus Sprague- 
Dawley derived Crl:CD IGS BR rats received oral doses of VX-770 at 5, 15, and 50 
mg/kg/day. Vehicle control groups (0.5% w/v methylcellulose with 0.5% w/v sodium 
lauryl sulfate in water) with and without 0.01% simethicone were also included in the 
study. Rats were treated with test article or vehicle control for 89-96 weeks. Early 
termination of study groups due to high mortality was based upon recommendations 
provided to the sponsor after consultation with the ECAC (see nonclinical review 
submitted to IND 74,633 and dated November 5, 2010). No statistically significant test 
article-related tumor findings were observed. Males dosed at 50 mg/kg/day had 
statistically significant lower survival in comparison to controls (with simethicone). Body 
weight and body weight gain were statistically significantly decreased in high-dose 
males at Weeks 25, 53, 77, and 89 (end of dosing) and in high-dose females at Weeks 
53, 77, and 89 (end of dosing) versus controls (with simethicone). Accumulation of VX-
770 and metabolites M1 and M6 was observed in males and females by Months 6 and 
12. Systemic exposure of VX-770 was generally greater in females than males, but 
systemic exposure of metabolites M1 and M6 was generally greater in males than 
females. 
 
The executive CAC concurred that both mouse and rat carcinogenicity studies were 
acceptable and that there were no test article-related tumor findings in either study. The 
ECAC also concurred that coverage for parent drug and metabolites was acceptable. 
 
Reproductive Toxicology: Reproductive and developmental toxicity studies of VX-770 
were completed in rats and rabbits. These studies evaluated the effects of VX-770 on 
fertility and reproductive performance in rats, teratogenicity in rats and rabbits, and peri- 
and post-natal development in rats. Results showed that VX-770 decreased fertility 
indices in males and females in rats, but the drug was non-teratogenic in rats and 
rabbits. VX-770 had no effects on peri- or post-natal development in rats. Fertility effects 
at 200 mg/kg/day were attributed to severe toxicity, but no effects were observed at  
100 mg/kg/day. 
 
Fertility - The effects of VX-770 on fertility and early embryofetal development were 
examined in rats that were dosed by oral gavage with 0, 50, 100 and 200 mg/kg/day of 
VX-770 before and during the mating period. The treatment in females continued until 
GD 7. The treatment duration before the mating period was 70 and 15 days in males 
and females, respectively. The mating period was up to 20 days. 
 
Most treatment-related effects, especially the effects on fertility and embryofetal 
developmental parameters in rats, were limited to the high-dose (200 mg/kg/day) 
groups. Both males and females in the high-dose group showed overt signs of toxicity. 
Approximately one quarter of the high-dose males (6/25) died or were sacrificed 
prematurely during the study. The females showed statistically significant decreases 
(31.4%, p < 0.05) in mean body weight gains during the gestation period. Clinical signs 
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in the group included rales, excessive salivation, and others. The fertility index was 
52.6% (10/19, p < 0.01) and 54.6% (13/24, p < 0.01) in high-dose males and females, 
respectively (vs.  90% for the in groups). All high-dose males successful mated with 
their female partners during the cohabitation period, but only about half of them were 
fertile. Other respective changes in fertility parameters in the high-dose group included 
increased pre-implantation loss (54.6% vs. 6.5% in controls, p > 0.05), decreased mean 
number of implantations (4.4 vs. 14.5 in controls, p < 0.01), decreased mean number of 
corpora lutea (9.2 vs. 15.5 in controls, p < 0.01), decreased mean viable embryos (3.5 
vs. 13.7 in controls, p < 0.01), increased number of dams with nonviable embryos (2 vs. 
0 in controls, p < 0.01), and an increase in the number of females with 6 or more 
consecutive days of diestrus (5 vs. 1 in controls, p < 0.01). Examination of male 
reproductive organs and sperm analysis revealed no noticeable findings except for a 
21.2% decrease in the mean organ weight of seminal vesicles (with fluid, p < 0.01). 
 
Results of the fertility study with rats showed that VX-770 decreases fertility in males 
and females at 200 mg/kg/day, but not at  100 mg/kg/day. The applicant argued that 
the effect on VX-770 on fertility index was limited to females due to the fact that the 
fertility index was comparable between males (52.6%) and females (54.6%). The 
argument is insufficient given the study design of pairing treated males with treated 
females. Additional information may be needed to support the applicant’s argument. 
Such information may be obtained by examining fertility parameters from treated 
females that are mated with untreated males and visa versa. Based upon available 
information, the review can only determine that adverse effects on fertility occurred in 
both males and females. 
 
Teratogenicity - The effects of VX-770 on teratogenicity were examined in pregnant rats 
that were dosed by oral gavage with 0, 50, 100 and 200 mg/kg/day VX-770 during GD 7 
- 17. Caesarean sections were performed on GD 21 for examinations of uterine 
contents. Treatment-related effects were observed in the mid- and high-dose groups. 
The effects included dose-related increases in the incidence and severity of clinical 
signs, decreases in body weights, weight gains, and food consumption in dams; and 
decreases in fetal body weights, and increases in the incidences and severity of skeletal 
variations in fetuses. No malformations were observed in any of the treatment groups. 
Clinical signs in dams included rales and salivation. The respective decreases in mid- 
and high-dose group body weight gains were 16% (p < 0.01) and 38% (p < 0.01), and 
food consumption were 13.1 (p < 0.01) and 23.4% (p < 0.01). The mean fetal weights 
were 5.26, 5.26, 4.99 and 4.91 g/fetus in the control, low-, mid- and high-dose (p < 0.05) 
groups, respectively. Skeletal variations were limited to cervical vertebrae, ribs and 
sternum (incomplete ossification and/or fused, up to 29.2%). No treatment-related 
effects were observed in the low-dose group. The respective mean AUCs in the low-, 
mid-, and HD groups were 64.1, 132.6 and 203 g.h/mL on GD 7 and 205.2 g.h/mL, 
331.8 g.h/mL and not determined on GD 17. This study showed that VX-770 was non-
teratogenic in rats. 
 
The effects of VX-770 on teratogenicity were also examined in pregnant rabbits that 
were dosed by oral gavage with 0, 25, 50, and 100 mg/kg/day VX-770 during GD 7 - 19. 
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Caesarean sections were performed on GD 29 for examinations of uterine contents. 
Maternal toxicity was observed in the mid- and high-dose groups. Effects included dose-
related increases in the incidence and severity of clinical signs, abortion, weight loss, 
and decreased food consumption in dams. No fetal malformations or variations were 
observed in any of the treatment groups. Clinical signs included scant feces, soft or 
liquid feces, red substance in cage pan, pale extremities, and red peri-vaginal 
substances. The mean weight loss during the treatment period (GD 7 – 19) was 0.02 
and 0.06 kg in the mid- and high-dose groups, respectively. The decrease in food 
consumption during GD 7 – 20 was 19% and 34% (p < 0.01) in the mid- and high-dose 
groups, respectively. The mean AUCs on day 19 were 41.9, 114.0 and 337.6 g.h/mL in 
the low-, mid-, and high-dose groups, respectively. This study showed that VX-770 was 
non-teratogenic in rabbits. 
 
Peri- and postnatal development – For peri- and postnatal development studies, female 
rats were dosed by oral gavage with 0, 50, 100 and 200 mg/kg/day VX-770 during 
gestation and lactation periods. Specifically, treatments started on GD 7 and continued 
until lactation day 20. The dams were sacrificed on LAD 20 for gross necropsy of the 
thoracic, abdominal and pelvic viscera. Evaluations of clinical pregnancy parameters in 
dams and peri and post-natal developmental parameters in pups were made. Clinical 
observations included clinical signs, body weights, and food consumption. Pregnancy 
parameters such as dam weight, length of pregnancy duration, liter size, pup weight, 
and the numbers of live and stillborns were assessed. Assessments in pups included 
viability, physical developmental parameters, behavior, and learning and memory 
parameters. Assessments of VX-770 effects on learning and memory were achieved 
using passive avoidance and watermaze tests. 
 
Treatment-related findings were generally limited to the high-dose groups. Two high-
dose dams died during the study. Three high-dose dams (14.3%) gave births to stillborn 
pups but the finding was statistically non-significant. The high-dose dams showed 
decreases in mean body weight ( 6.6% GD 20, p < 0.01), body weight gains (  17%, p 
< 0.01) and food consumption ( 9.5%, p < 0.01) for the period of GD 7 – 20. The high-
dose pups showed statistically significantly decrease in viability for the period of PNDs 2 
- 4 (p  0.01), but the overall viability and lactation indices were not statistically 
significant. (The respective parameters in the control, low-, mid-, and high-dose groups 
were 99.7%, 99.7%, 97.8% and 92.0% for viability index; and 99.7%, 99.7%, 99.4% and 
97.7% for lactation index). High-dose pups generally had a lower mean body weight 
throughout their lives in the study. For example, the mean body weight gains of high-
dose male pups were 14.9% (p < 0.01) and 10.1% (p < 0.01) lower than controls during 
the periods of PND 1 – 71 and 1-110 (termination age), respectively. No treatment-
related effects were observed on any of the remaining parameters evaluated in the 
high-dose group dams or pups. The only treatment related findings in the lower dose 
groups was a decrease in mean food consumption in the mid-dose group dams during 
the gestation period of GD 7 – 20. The maternal NOAEL was approximately 50 
mg/kg/day. The NOAEL for viability and growth in the offspring was 100 mg/kg/day. 
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The reproductive and developmental toxicity of VX-770 was adequately characterized. 
VX-770 decreased fertility in male and female rats at 200 mg/kg/day, but not at  100 
mg/kg/day. The drug was non-teratogenic. The drug at 200 mg/kg/day can cause 
increases in the incidence of fetal skeletal variations and decreases in fetal weights 
when given to dams during the organogenesis period; however, this dose was a 
maternally toxic dose. No fetal effects were observed at 100 mg/kg/day in rats or rabbits 
and corresponding AUC exposures in dams were approximately 331.8 and 337.6 
g.h/mL, respectively. 

 
Recommendations: 
 
The nonclinical safety program for ivacaftor (VX-770) is complete. 
 
From a PharmTox perspective, the application is recommended for approval. 
 
There is no need for any further nonclinical studies. 
 
 
Labeling Review: 
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 Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed. 
 
Rationale for Changes: The dose ratio for the nonteratogenic dose of 200 mg/kg in 
rats versus the proposed clinical dose in humans (300 mg/day given as 150 mg q12h) 
was based on the summed AUCs of parent drug and major metabolites M1 and M6 in 
rats versus humans, as M1 and M6 comprise the majority of total drug exposure in 
humans. End of dosing period (GD 17) TK data for dams in teratology study no. VX-
770-TX-006 was not available and levels of M1 and M6 were not measured in the study, 
so exposure levels of parent drug VX-770 and the M1 and M6 metabolites at a 200 
mg/kg/day oral dose level were extrapolated from Day 90 TK data for females from the 
6-month rat general toxicity study (no. VX-770-TX-010) under the assumption that 
plasma levels of VX-770, M1, and M6 increased in a relatively linear fashion. The dose 
ratio for the nonteratogenic dose of 100 mg/kg in rabbits versus the proposed clinical 
dose in humans was based on parent drug only AUCs in rabbits versus humans, as 
levels of M1 and M6 metabolites were not determined in the rabbit teratology study (no. 
VX-770-TX-006) or in any other available rabbit toxicology study. In addition, placental 
transfer occurred in both pregnant rats and rabbits (see review of rat study no. VX-770-
DMPK-DM-043 and rabbit study no. VX-770-DMPK-DM-046 in section 5.1 above), so 
language describing positive placental transfer results was included in section 8.1 of the 
labeling. All other changes to section 8.1 were minor formatting changes. 
 
8.3 Nursing Mothers 
 
Sponsor’s Proposed Labeling: 

 
Recommended Labeling: 
KALYDECO is  excreted into the milk of lactating female rats. Excretion 
of KALYDECO into human milk is probable. There are no human studies that have 
investigated the effects of KALYDECO on breast-fed infants. Caution should be 
exercised when KALYDECO is administered to a nursing woman. 

Rationale for Changes: Because VX-770 is known to be excreted into the milk of 
lactating female rats (Study no. VX-770-DMPK-DM-043), it is also likely to be excreted 
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in human milk. Wording was changed accordingly to reflect probable excretion of drug 
into human milk. Additional standard language was also added as per 21CFR201.57.  
 
10 OVERDOSAGE 
 
Sponsor’s Proposed Labeling: 
There have been no reports of overdose with KALYDECO. 

 
The highest single dose used in a clinical study was 800 mg in a suspension formulation 
without any treatment-related adverse events. 
 
The highest repeated dose was 450 mg (in a tablet formulation) every 12 hours for 4.5 
days (9 doses) in a Phase 1 study evaluating the effect of KALYDECO on ECGs in 
healthy subjects. Adverse events reported at a higher incidence compared to placebo 
included dizziness and diarrhea. 
 
No specific antidote is available for overdose with KALYDECO.  Treatment of overdose 
with KALYDECO consists of general supportive measures including monitoring of vital 
signs and observation of the clinical status of the patient. 
 
Recommended Labeling: 
There have been no reports of overdose with KALYDECO. 

 
The highest single dose used in a clinical study was 800 mg in a suspension formulation 
without any treatment-related adverse events. 
 
The highest repeated dose was 450 mg (in a tablet formulation) every 12 hours for 4.5 
days (9 doses) in a Phase 1 study evaluating the effect of KALYDECO on ECGs in 
healthy subjects. Adverse events reported at a higher incidence compared to placebo 
included dizziness and diarrhea. 
 
No specific antidote is available for overdose with KALYDECO.  Treatment of overdose 
with KALYDECO consists of general supportive measures including monitoring of vital 
signs and observation of the clinical status of the patient. 
 
Rationale for Changes: 

 was removed as it does not provide additional clinically relevant information. 
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12  CLINICAL PHARMACOLOGY 
 
12.1 Mechanism of Action 
 
Sponsor’s Proposed Labeling: 

 
 

 
probability of CFTR protein located at the cell surface of epithelial cells in cystic fibrosis 
patients with the following CFTR gene mutation: G551D. 
 
In vitro, KALYDECO increased CFTR-mediated transepithelial current (IT) in rodent cells 
expressing G551D-CFTR following addition of a cyclic adenosine monophosphate 
(cAMP) agonist with an EC50 of 100 ± 47 nM; however, KALYDECO did not increase IT 
in the absence of cAMP agonist. KALYDECO also increased IT in human bronchial 
epithelial cells expressing G551D-CFTR following addition of a cAMP agonist with an 
EC50 of 236 nM. KALYDECO increased the open probability of G551D-CFTR in single 
channel patch clamp experiments using membrane patches from rodent cells 
expressing G551D-CFTR by 10-fold versus untreated cells after addition of PKA and 
ATP. 
 
Rationale for Changes: Section 12.1 was modified to provide a more descriptive 
mechanism of action for VX-770 and also includes the subset of the CF clinical 
population, currently patients with a mutation in G551D-CFTR, for which VX-770 has 
demonstrated efficacy in clinical studies. Additional information from in vitro 
pharmacology studies was also added to show that VX-770 acts as a potentiator, not an 
activator, of G551D-CFTR. 
 
13  NONCLINICAL TOXICOLOGY 
 
Sponsor’s Proposed Labeling: 
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Recommended Labeling: 

KALYDECO impaired fertility and reproductive performance indices in male and female 
rats at 200 mg/kg/day (approximately 5 and 6 times, respectively the MRHD based on 
summed AUCs of KALYDECO and its metabolites). Increases in prolonged diestrus 
were observed in females at 200 mg/kg/day. KALYDECO also increased the number of 
females with all nonviable embryos and decreased corpora lutea, implantations, and 
viable embryos in rats at 200 mg/kg/day (approximately 6 times the MRHD based on 
summed AUCs of KALYDECO and its metabolites) when dams were dose prior to and 
during early pregnancy. These impairments of fertility and reproductive performance in 
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extrapolated from Day 90 TK data for females and males from the 6-month rat general 
toxicity study and summed together to estimate a dose ratio for the 200 mg/kg/day 
dose. As the 6-month rat study included a 100 mg/kg/day dose group, Day 90 TK data 
for VX-770, M1, and M6 for females and males was summed together to estimate a 
dose ratio for the 100 mg/kg/day dose group.  
 
All other changes to section 13.1 were minor formatting changes. 
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12 Appendix/Attachments 
 
Appendix 1: PharmTox Review of IND 74,633 dated May 19, 2006  
Appendix 2: PharmTox Review of IND 74,633 dated June 5, 2007  
Appendix 3: PharmTox Review of IND 74,633 dated January 16, 2009 (Mouse SPA) 
Appendix 4: PharmTox Review of IND 74,633 dated January 16, 2009 (Rat SPA) 
Appendix 5: PharmTox Review of IND 74,633 dated March 12, 2009 
Appendix 6: PharmTox Review of IND 74,633 dated February 26, 2010  
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Study Title: Effects on Motor Coordination in the Rotarod Test in Sprague Dawley Rats 
Following a Single Oral Administration of VRT-813077 (Report B231) 
 
Study Title: Effects in Irwin Test in Sprague Dawley Rats Study No. SPI05-016) 
 
Study Title: Effects on HERG Tail Currents Recorded From Stably Transfected 
HEK293 Cells  Study No. SPH05-036) 
 
Study Title: An In Vivo Telemetry Study of the Effects of VRT-813077 Following a 
Single Oral Dose in Sprague Dawley Rats (Report B241) 
 
Study Title: VRT-813077: Cardiovascular Effects Following Oral (Gavage) 
Administration in Conscious, Telemetered Beagle Dogs  Study No. SPT05-017) 
 
Study Title: Effects on Respiration Rate and Tidal Volume in Sprague Dawley Rats 

Study No. SPR05-017) 
 
Study Title: Effects on Gastrointestinal Transit of a Charcoal Meal in Sprague Dawley 
Rats Study No. SPG05-004) 
 
Study Title: VRT-813077: Cardiovascular Effects Following Oral (Gavage) 
Administration in Conscious, Telemetered Beagle Dogs (Study No. SPT05-017) 
 
ADME 
Report B178: Pharmacokinetics of VRT-813077 in Male CD-1 Mice Following Single 
Intravenous or Oral Administration (Vol. 5, Page 113) 

Report B240: Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
Following Oral Administration at Seven Dose Levels in Three Formulations (Vol. 5, 
Page 177) 

Report B256: Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
Following Oral Administration in Suspension and PEG400-Based Solutions (Vol. 5, Page 
339) 

Report B239: Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
Following Single Intravenous Administration (Vol. 6, Page 1) 

Report B204: Pharmacokinetics of VRT-813077 Following Single Intravenous or Oral 
Administration in Male Beagle Dogs (Vol. 6, Page 75) 

Report C001: Pharmacokinetics of VRT-813077 in Male Beagle Dogs Following Oral 
Administration in Suspension and PEG400-Based Solutions (Vol. 6, Page 200)

Report B177: Pharmacokinetics of VRT-813077 in Male Cynomolgus Monkeys 
Following Intravenous Administration (Vol. 6, Page 258) 
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Study title: In Vitro Binding of VRT-813077 to Plasma Proteins in Mouse, Rat, Dog, 
Monkey and Human Plasma (Report B237, Vol. 15, Page 3) 

Study title: Absorption, Metabolism, Distribution and Excretion of 14C-VRT-813077 
Following Oral and Intravenous Administration o Intact or BDC (Bile Duct Cannulated) 
Rats  Study 6536-378, Vol. 7, Page 1) 

Study title: In Vitro Assessment of Metabolic Stability of VRT-813077: Evaluation of 
Stability in Liver Subfractions (Microsomes and S9) from Mouse, Rat, Dog, Monkey, 
and Human, and Stability in Hepatocytes from Rat, Dog, Monkey and Human (Report 
B230, Vol. 7, Page 195)

Study title: Evaluation of Induction of Liver Cytochrome P450 Isozyems in Male and 
Female Sprague-Dawley Rats Following Repeated Oral Administration of VRT-813077 
(Report B202, Vol. 7, Page 253) 

Study title: Identification of VRT-813077 Metabolites from In Vitro and In Vivo 
Matrices (Report B236, Vol. 7, Page 278) 

Study title: Assessment of VRT-813077 Inhibition Potential of Human Cytochrome 
P450 Isoenzymes (Report B224, Vol. 15, Page 20) 

Study title: The In Vitro Stability of VRT-813077 in Recombinant Human CYPP450 
Isozymes (Report B242, Vol. 15, Page 47) 
 
Toxicology 
 
Study title: VRT-813077: A Single-Dose Oral (Gavage) Toxicity And Toxicokinetic 
Study in Mice with 2- And 14- Day Observation Periods 

Study title: VRT-813077: A Single-Dose Oral (Gavage) Toxicity And Toxicokinetic 
Study in Rats with 2- And 14- Day Observation Periods 
Doses: 0, 500, 1000 mg/kg 
 
Study title:  VRT-813077: A 7-Day Oral (Gavage) Toxicity Study in Rats (non-GLP) 
0, 50, 100, 200 mg/kg 
 
Study title:  VRT-813077: Preliminary 7-Day Oral (QD) Toxicity Study in Dogs (Non-
GLP) 

Study title:  VRT-813077: A 14-Day Oral (Gavage) Toxicity And Toxicokinetic Study 
in Rats 

Study title:  VRT-813077: A 14-Day Oral (Gavage) Toxicity And Toxicokinetic Study 
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2.6.2 PHARMACOLOGY 
  
2.6.2.1 Brief summary   
 
The pharmacology studies indicated that VRT-813077 increased forskolin-stimulated 
chloride flux with EC50 3-30 nM in NIH3T3 fibroblast expressing F508-CFTR, FRT 
epithelial cells expressing F508-CFTR and G551D-CFTR and human bronchial 
epithelia cells. VRT-813077 acted directly on the channel to increase the open probability 
of the channel but not on the cAMP signaling pathway. The selectivity of VRT-813077 
was excellent based on the data of the activity screening against a panel of enzymes and 
receptors, and 11 ion channels.  
 
In safety pharmacology studies, hERG assay in HEK239 cells showed 35% inhibition at 
maximal soluble concentration 8 μM. However, no significant adverse effects were 
observed in in vivo dog cardiovascular safety evaluation. GI motility study indicated 26-
49% decrease in GI transit time at doses 500 mg/kg and 33-82% increase in stomach 
weights plus contents at all drug treated groups. There were no adverse effects observed 
in the studies evaluating neurological and respiratory functions.  
 
2.6.2.2 Primary pharmacodynamics   
  
Mechanism of action:   
 
Report title: VRT-813077: Activation of Cystic Fibrosis Transmembrane 
Conductiance Regulator (CFTR) Mutants Expressed in NIH3T3 and FRT Cells and 
Selectivity for Ion Channels (report No. B227) 
The ability of VRT-813077 to potentiate F508 and G551D mutants of CFTR was 
determined in recombinant NIH3T3 and Fisher rat thyroid cells. Membrane potential-
sensitive fluorescence assays and electrophysiological techniques were used to monitor 
CFTR-mediated chloride transport.  
• VRT-813077 increased forskolin-stimulated chloride flux in NIH3T3 fibroblast 

expressing F508-CFTR with an EC50= 3.0±1.5 nM.  
• There was a large window between stimulatory effects of VRT-813077 and its 

inhibitory effects observed at higher concentrations IC50=13 μM.  
• VRT-813077 increased forskolin-stimulated chloride secretion in FRT epithelial cells 

expressing F508-CFTR and G551D -CFTR with EC50= 18±6 nM and EC50= 36±6 
nM. 

• In the presence of 20% human, dog, and rat serum, EC50 shifted 5.4X, 21X and 1.4X. 
• Activity of VRT-813077 on other channels including 11 sodium, calcium and 

potassium channels was evaluated in recombinant cell assays using electrical field 
stimulation coupled to voltage-sensitive fluorescent dyes. Except for channels Cav1.2 
(IC50=1.3 μM) and Kv1.5 (IC50=3.4 μM), the IC50 >10 μM for other measured 
channels.   

• At 10 μM, no effect of VRT-813077 was observed on HERG in CHL cells.  
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Report title: Interactions of VRT-813077 with the Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR) and its Signaling Pathways in NIH3T3 and FRT 
Cells (report No. B228) 
 
Fisher rat thyroid (FRT) epithelial cells and NIH3T3 mouse fibroblast expressing F508-
CFTR were used to determine if VRT-813077 acts on the cAMP signaling pathway by 
PKA-dependent phosphorylation of the channel or directly on the channel to increase 
gating activity. Biochemical assays and single channel patch-clamp techniques were 
used. The following results indicated that VRT-813077 did not act by altering cAMP 
signaling and did act directly on F508-CFTR to potentiate its gating activity. 
• VRT-813077 did not increase cAMP concentration (EC50>30 μM) in the presence of 

an adenylate cyclase activator.  
• VRT-813077 inhibited phosphodiesterase isozyems 1-6 (IC50>30 μM) only at 

concentrations ~300-3000 fold higher than the required to potentiate the channel 
activity.  

• The VRT-813077 and PDE inhibitors had additive effects on F508-CFTR activity. 
• VRT-813077 increased the open probability in a dose-dependent manner without 

affecting on single-channel conductance. 
• VRT-813077 restored the defective gating to normal levels in NIH3T3 cells. 
 
Drug activity related to proposed indication:   
 
Report title: In Vitro Activity of VRT-813077 in Primary Bronchial Epithelial Cells 
and Nasal Polyps from Cystic Fibrosis (report No. B229) 
 
The activity of VRT-813077 was assessed in human bronchial epithelia (HBE) isolated 
from Cystic Fibrosis (CF) patients homozygous for the F508 mutation and from non-CF 
control subjects. It was also tested in CF nasal epithelia ex vivo using nasal polyps 
isolated from F508-CFTR homozygous patients. The results showed that: 
 
VRT-813077 potentiated forskolin-stimulated CFRT activity in F508-HBE with 
EC50=33 nM and a maximal activity of 112-185% respective to forskolin, 
potentiated wild-type CFTR in control HBE with a similar EC50 and a maximal activity 
by 298%.  
VRT-813077 also showed the effects (EC50 15 or 53 nM) on the HBE without residual 
CFRT activity, which was treated with a corrector, VRT-808943 (increase the trafficking 
and cell surface density of F508-CFTR).  
VRT-813077 also enhanced the activity following facilitation of the cAMP pathway by 
salbutamol ( -agonist) or rolipram (a PDE4 inhibitor). In intact nasal epithelial tissue 
from CF patients, VRT-813077 increased in forskolin-stimulated CFTR activity which 
was blocked by the CFTR inhibitor, glibenclamide. 
 
LeadProfilingScreen and SpectrumScreen Data Report (MSDPS PT# 1054946) 

VRT-813077 was screened for activity against a broad panel of enzymes and receptors 
using radioligand binding assays. Only a few receptors listed in the table of section 2.6.3 
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(i.e. norepinephrine transporter, dopamine transporter, histamine, monoamine transporter, 
tachykinin NK2, serotonin 5HT2B, serotonin 5HT2C) showed IC50  5 μM, indicating a 
high selectivity of the test article.  
 
2.6.2.3 Secondary pharmacodynamics: N/A 
 
2.6.2.4 Safety pharmacology   
 
Neurological effects:   
Study Title: Effects on Motor Coordination in the Rotarod Test in Sprague Dawley Rats 
Following a Single Oral Administration of VRT-813077 (Report B231) 
 
VRT-813077 oral dosed up to 200 mg/kg did not impair motor coordination as measured 
by time remaining on an accelerating rotarod compared to the control animals 
 
Study Title: Effects in Irwin Test in Sprague Dawley Rats Study No. SPI05-016) 
 
Six/group male SD rats were administered orally with a single dose of 0(vehicle), 250, 
500 or 1000 mg/kg VRT-813077 or 20 mg/kg chlorpromazine (reference substance). The 
parameters outlined for the Irwin test were evaluated at 2, 4, 8 and 24 hrs post dose. 
There were no test article-related effects on gross behavior and physiology in rats while 
chlorpromazine produced an increase in the incidence of signs of a depressive effect (e.g. 
decreased body tone, decreased touch response, ptosis).  
 
Cardiovascular effects:  
Study Title: Effects on HERG Tail Currents Recorded From Stably Transfected 
HEK293 Cells  Study No. SPH05-036) 
 
The test article, VRT-813077 (lot #14 [A2239-172]), was formulated in DMSO and 
tested at final target concentrations of 0.8, 2.5 and 8 μM with 0.3 % DMSO. The effects 
of the test article on a human ether-a-go-go-related gene (HERG)-encoded channel tail 
current recorded from human embryonic kidney 293 (HEK293) cells stably transfected 
with HERG cDNA was assessed with the whole-cell patch-clamp technique. The 
reference standard was E-4031 at 100 nM in bath solution. Exposure of VRT-813077 at 
0.8, 2.5 and 8 μM for 15 min resulted in 14.1%, 19.5% and 34.6% inhibition on HERG 
tail current reduction while vehicle control showed 16.1% inhibition and the reference 
compound, E-4301, showed 90.3% inhibition. The IC15 of VRT-813077 was identified at 
5.5 μM. The IC50 was not determined due to the limited solubility of the test article at 
concentrations above 8 μM.  
 
Study Title: An In Vivo Telemetry Study of the Effects of VRT-813077 Following a 
Single Oral Dose in Sprague Dawley Rats (Report B241) 
 
A single oral dose at 25 or 100 mg/kg of VRT-813077 was administered to male SD rats 
with telemetry transmitters implanted. There were no apparent effects on systolic, 
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diastolic blood pressure, heart rate or core body temperature in the animals for up to 22 
hours post dose.  
 
Study Title: VRT-813077: Cardiovascular Effects Following Oral (Gavage) 
Administration in Conscious, Telemetered Beagle Dogs  Study No. SPT05-017) 
 
Four male beagle dogs were dosed via oral gavage in a 4X4 latin square design at 0 
(vehicle control), 15, 30 and 60 mg/kg dose levels with a three-day washing out period 
between each dose. The animals were surgically instrumented with radio-telemetry 
transducers for assessment of arterial blood pressure and lead II ECG. The data including 
systolic, diastolic and mean blood pressure, heart rate, and lead II ECG parameters (PR 
interval, QRS duration, RR interval and QT interval) was collected from at approximately 
30 min prior to dose till the end of 6 hr. post dosing. The data collected were extracted at 
-30, 30, 60, 90, 120, 240 and 360 min relative to the time immediately after dosing and 
analyzed. The QT intervals were normalized for variation in heart rate using Fridericia 
correction and an individual animal correction factor (for Framingham correction). The 
results showed that sporadic emesis in the test article treated groups and stool changes in 
several animals including one dosed with vehicle alone. There were no test article-related 
effects on mean HR, lead II ECG parameters and morphology or rhythm of ECG 
waveform (evaluated only in control and high dose groups). The transient, dose-related 
increase in BP parameters at 60 min post-dose was not considered adverse due to the 
small magnitude (high dose vs control: mean BP: 122 mmHg vs. 104 mmHg) and brief 
nature of the response.  
 
Pulmonary effects:   
Study Title: Effects on Respiration Rate and Tidal Volume in Sprague Dawley Rats 

Study No. SPR05-017) 
A single oral dose of 0 (vehicle), 250, 500, or 1000 mg/kg VRT-813077, or 20 mg/kg 
baclofen (reference substance) was administered to 8/group male SD rats. The respiratory 
rate and tidal volume were evaluated with plethysmography. Treatment with the test 
article did not result in any significant effects on respiratory rate and tidal volume 
measured at 4 and 8 hours postdose when compared to the vehicle group.  
 
Gastrointestinal effects:   
Study Title: Effects on Gastrointestinal Transit of a Charcoal Meal in Sprague Dawley 
Rats  Study No. SPG05-004) 
A single oral dose of 0 (vehicle), 250, 500, or 1000 mg/kg VRT-813077, or 40 mg/kg 
morphine (reference substance) was administered to 8/group male SD rats. At 4 hours 
after dosing with vehicle/test article or 1 hour after dosing with morphine, each rat was 
given a charcoal meal by oral gavage. The distance that the charcoal meal traveled along 
the intestine from the pyloric sphincter was evaluated following the rat was sacrificed at 
30 min post charcoal meal. Treatment with VRT-813077 at 500, or 1000 mg/kg resulted 
in significant decreases in propulsion of a charcoal meal when compared to the vehicle 
group. No significant difference in distance traveled was observed in 250 mg/kg 
treatment group. Administration with VRT-813077 at all dose levels resulted in 
significant increases in the weights of stomach plus contents when compared to the 
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vehicle. Morphine at 40 mg/kg produced significant effects on both distance and weight 
of stomach plus contents. The results indicated a test article-related inhibition of gastric 
emptying and gastrointestinal transit. 
 
2.6.2.5  Pharmacodynamic drug interactions: N/A   

2.6.3 PHARMACOLOGY TABULATED SUMMARY  
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
 
2.6.4.1 Brief summary   
Rat and dog pharmacokinetics (PK) data indicated that T1/2 was about 7-15 hrs following 
oral administration of VRT-813077, the exposure was approximately dose 
proportional, and the oral bioavailability was >40%.  In dogs, PK data of used in 
the clinical formulation) in PEG/PVP/KOAc was comparable to the PK data of 

 in 0.5%SLS/0.5% methylcelluose/water used in nonclinical studies. 
VRT-813077 was distributed into all tissues with higher radioactivity in absorptive 
organs (e.g. stomach and intestine) and well perfused organs (e.g. liver, kidney, and lung, 
etc.), but only 2-12% of the total dose were found in brain. Tissue concentrations and PK 
parameters were similar in pigmented and albino rats, indicating that VRT-813077 did 
not bind to melanin. The metabolism of VRT-813077 was qualitatively similar among 
rats, dogs, monkeys and human in vitro samples. The plasma protein binding of VRT-
813077 was greater than 99% in rat, dog, monkey and human plasma. VRT-813077 was 
primarily eliminated in bile and feces.  
 
2.6.4.2 Methods of Analysis  

[Methods listed in the followings were incorporated in individual study reviews] 
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Report B240: Pharmacokinetics of VRT-813077 in Male Sprague Dawley Rats 
Following Oral Administration at Seven Dose Levels in Three Formulations (Vol. 5, 
Page 177) 
 
Male SD Rats with n=3/group were given a single oral dose of VRT-813077 (Lot 6, 7 or 
9) formulated in 0.5% MC/water at doses of 1, 3, 10, 30, 100 and 400 mg/kg. The 200 
mg/kg dose group was administered with VRT-813077 formulated in 0.5% MC/water 
containing 0.1% Tween 80 and additional 400 mg/kg dose group was administered with 
VRT-813077 in PEG400. The PK parameters were summarized in the table below. 
Bioavailability was calculated based on the PK parameters following iv. dose reported in 
Report B239. It seems that the systemic exposure of VRT-813077  at nominal 
dose of 400 mg/kg was similar when administered as a solution in PEG 400 and as a 
methylcellulose suspension. 
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Male SD rats or male Long Evans rats were administered with a single i.v. dose of 14C-
VRT-813077 at 1 mg/kg (100 μCi/kg) or a single oral dose of 14C-VRT-813077 at 10 
mg/kg (100 μCi/kg). For SD rats, radioactivity was widely distributed through the entire 
body. Concentrations of μg equivalent 14C-VRT-813077/g were high (> 10 μg/g at 4 hour 
postdose) in stomach, small intestine, liver, adrenal gland, kidney, large intestine, lungs, 
lymph nodes, pancreas, salivary glands and thyroid. Only small amounts (2-12%) of total 
radioactivity were found in the brain. For Long Evans rats, the tissue concentrations and 
PK parameters were similar to the values obtained in SD rats. The Cmax in pigmented 
skin and eye were comparable to the values in non-pigmented tissues at 4 hours postdose. 

2.6.4.5 Metabolism  

Study title: Absorption, Metabolism, Distribution and Excretion of 14C-VRT-813077
Following Oral and Intravenous Administration to Intact or BDC (Bile Duct 
Cannulated) Rats Study 6536-378, Vol. 7, Page 1) 
 
After a single oral administration of 14C-VRT-813077 to rats, unchanged parent drug 
accounted for 85.8, 79.0 and 99.3% of radioactivity in 1-, 4- and 24- hour plasma 
samples, respectively. The primary metabolite observed in plasma was M1-2, seen in the 
1 and 4 hour samples and a small amount of M6 detected in the 4 hour sample. 
Approximately 30-36% of radioactivity excreted in feces was unchanged 14C-VRT-
813077.  

Study title: In Vitro Assessment of Metabolic Stability of VRT-813077: Evaluation 
of Stability in Liver Subfractions (Microsomes and S9) from Mouse, Rat, Dog, 
Monkey, and Human, and Stability in Hepatocytes from Rat, Dog, Monkey and 
Human (Report B230, Vol. 7, Page 195) 

The metabolic stability of VRT-813077 was assessed in liver microsomes, liver S9 
fractions and hepatocytes from various species. In liver microsomes and S9 fractions, 
metabolism of VRT-813077 was not observed in mouse, rat and dog. The extent of 
metabolism of VRT-813077 was much greater in monkey than in human. The Km values 
were 6.3 and 4.1 μM in monkey and human liver microsomes, respectively. Half-life for 
VRT-813077 metabolism in hepatocytes was listed in the table below.  Inactivation of 
flavin-containing monooxygenases (FMO) in liver microsomes by heat pretreatment 
withoug NADPH present did not affect the metabolism, suggesting that FMO isozymes 
were not involved in the metabolism of VRT-813077. Pre-treatment with the pan-CYP 
inhibitor, 1-aminobenzotriazole (ABT), inhibited the metabolism of VRT-813077, 
suggesting that CYP isozymes were involved in the biotransformation of VRT-813077.  
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Study title: Evaluation of Induction of Liver Cytochrome P450 Isozyems in Male 
and Female Sprague-Dawley Rats Following Repeated Oral Administration of 
VRT-813077 (Report B202, Vol. 7, Page 253) 

Livers were obtained from rats n=5/sex oral dosed with vehicle (0.5% MC and 0.1% 
Tween 80 in water) and VRT-813077 at 50, 100 and 200 mg/kg for 7 days. The CYP1A 
and CYP2B activities were determined by measuring ethoxyresorufin dealkylation and 
pentoxyresorufin dealkylation activities, respectively. The CYP2E and CYP3A activities 
were determined by monitoring the hydroxylation of p-nitrophenol and the testosterone 
6 -hydroxylation reactions. The CYP4A activity was determined by measuring lauric 
acid hydroxylation activities.  There was no statistically significant increase in the 
activities of CYP1A, CYP2B, CYP2E, CYP3A, or CYP4A in the male and female rats of 
treated groups as compared to the vehicle control group. 

Study title: Identification of VRT-813077 Metabolites from In Vitro and In Vivo 
Matrices (Report B236, Vol. 7, Page 278) 

Metabolites of VRT-813077 in liver microsomes and hepatocytes incubation (rat, dog, 
monkey and human) and in plasma (rat, dog and monkey) and urine were identified using 
LS/MS/MS methods. Metabolism of VRT-813077 was qualitatively similar among 
species. Eight metabolites of VRT-813077 were observed and summarized in the table 
below.
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Study title: Assessment of VRT-813077 Inhibition Potential of Human Cytochrome 
P450 Isoenzymes (Report B224, Vol. 15, Page 20) 
 
The study was conducted using 7 cDNA-expressed human CYP450 isozymes with the 
corresponding CYP450 substrates and in human liver microsomes. The IC50 from 
supersome assay and human live microsome assays were listed in the table below.  

 

Study title: The In Vitro Stability of VRT-813077 in Recombinant Human CYPP450 
Isozymes (Report B242, Vol. 15, Page 47) 

The potential involvement of human CYP450 isozymes in the metabolism was evaluated 
using recombinant human CYP450 isozymes. The data was listed in the table below. 
CYP3A4 metabolized VRT-813077 to the greatest extent, with a lesser extent of 
metabolism by CYP2D6 and CYP1A2.   
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examined. Eyes, optic nerve, testes and epididymides were placed in Modified 
Davidson’s solution and then retained in 10% formalin. The potential target organs 
(esophagus, heart and stomach) from the low- and mid-dose groups were also examined. 
  Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (  ),  no ( x ) 
Toxicokinetics: see the footnote b of the study design table listed above. 

Results
Mortality:  No test article-related mortality was observed.  
 
Clinical signs: No test article-related clinical observations.  
 
Body weights:  No test article-related effects on body weight and body weight gains. 
 
Food consumption:  No test article-related effects on food consumption. 
 
Hematology:  No test article-related effects on hematology. 
 
Clinical chemistry:  No test article-related effects were evident in the clinical chemistry 
evaluation. 
 
Gross pathology:  There were no test article-related adverse findings in gross pathology 
evaluation. 
 
Organ weights:  No significant test article-related effects on reported organ weight. 
 
Histopathology: Day 3 microscopic evaluation showed minimal to moderate epithelial 
hyperplasia with or without hyperkeratosis in the forestomach in 5/10 males and 4/10 
females dosed at 2000 mg/kg and in 7/10 males dosed at 1000 mg/kg. On Day 15, 
minimal epithelial hyperplasia without hyperkeratosis in the forestomach was found in 
1/7 males dosed at 2000 mg/kg. 
 
Toxicokinetics:  TK parameters were summarized in the table below 
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Clinical signs: No test article-related clinical observations.  
 
Body weights:  On Day 3, lower body weight (-4%, in females, -7% in males) in 1000 
mg/kg groups were recorded. By Day 7, female body weight completely recovered to the 
control level while the lower body weight than the control in male rats was observed till 
the end of the study. 
 
Food consumption:  On Day 3, dose-related decrease in food consumption (-18 to -40%) 
was recorded in both males and females dosed at 500 and 1000 mg/kg. The food 
consumption recovered to control level by Day 7. 
 
Hematology, Clinical Chemistry and Coagulation:  On Day 3, clinical pathology findings 
included prolongation of APTT (+14.9 to +16.3 seconds) in males and lower urinary 
electrolytes/creatinine ratio at 500 and 1000 mg/kg; high lymphocytes (+53%), ALT, 
BUN, TBILI and low cholesterol, triglycerides, sodium and chloride; and prolongation of 
PT at 1000 mg/kg groups. On Day 15, all clinical pathology changes had resolved. 
 
Gross pathology:  There were no test article-related adverse findings in gross pathology 
evaluation. 
 
Organ weights:  No significant test article-related effects on reported organ weight. 
 
Histopathology: Day 3 microscopic findings included edema, acute/subacute 
inflammation and ulceration of the stomach (predominantly in the forestomach) at 500 
and 1000 mg/kg and focal/multifocal subacute to chronic inflammatory infiltrates in the 
heart with myocardial degeneration in 4/5 males and 2/5 females at 1000 mg/kg. The 
stomach findings were not observed in any control animals and the heart findings were 
observed only in 1/5 control male, 1/5 control female and 1/5 low dose male. On Day 15, 
the microscopic changes in stomach and heart had resolved. 
 
Toxicokinetics:  TK parameters were summarized in the table below 

 

2.6.6.3 Repeat-dose toxicity   

Study title:  VRT-813077: A 7-Day Oral (Gavage) Toxicity Study in Rats (non-GLP) 

Key study findings:   
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Doses, Number/sex/group or time point (main study), Satellite groups used for 
toxicokinetics or recovery, and Route, formulation, volume, and infusion rate:  
see the study design table below 

 Species/strain:  Beagle Dog 
 Age:  approximately 7 months at initiation of dosing 
 Weight:  8.8 -10.0 kg for males, 5.9-7.9 kg for females  
  

Observations and Results 
The evaluations included survival, clinical signs, body weights, food consumption, 
clinical pathology (Day 7), TK, organ weights and macro/microscopic pathology. All 
animals survived to the scheduled termination. There were no test article-related adverse 
effects on body weight, food consumption, clinical chemistry and urinalysis, gross 
pathology, organ weight and histopathology. There was a single occurrence of vomiting 
in 30 mg/kg male (Day 7), 30 mg/kg female (Day 1) and 60 mg/kg female (Day1) and 
excessive salivation observed in 60 mg/kg male (Day 7). The NOAEL was identified at 
60 mg/kg/day (high dose) under this study condition. The TK data was summarized in the 
table below. 
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Clinical signs:  Cage-side observation was performed twice daily (once pre-dose and 
once approximately 3 hours post dose. Physical examination was conducted once pretest 
and once a week thereafter.  
Body weights:  Body weight was measured once pretest, once predose on Day 0, and 
twice weekly thereafter and on the day of necropsy (after fasting). 
Food consumption:  Food consumption was recorded once pretest and twice weekly 
during the study.   
Ophthalmoscopy:  All animals were examined at pretest and at the end of dosing period. 
Hematology, Clinical chemistry and Coagulation:  Samples from 10/sex/group animals 
were collected at study termination.  
Urinalysis:  16-hour overnight collected samples were obtained at study termination. 
Gross pathology: 10/sex/group animals were necropsied following 14-day consecutive 
dosing. Complete macroscopic examinations were performed on all necropsied animals.  
Organ weights: The tissues/organs listed in the Table of Histopathology Inventory below 
were weighed.   
Histopathology:  The tissues listed in the Table of Histopathology Inventory below were 
preserved. Tissues from  control and high dose necropsied animals were microscopically 
examined. Eyes, optic nerve, testes and epididymides were placed in Mondified 
Davidson’s solution and then retained in 10% formalin. 
  Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (  ),  no ( x ) 
Toxicokinetics: Samples from 3 animals/sex/treatment group/timepoint were taken on 
Day 0 (the 1st day of dosing) and on Day 13 (the last day of dosing), at the following 
timepoints: 0.5, 1, 4, 12, 24 and 48 hours postdose. 
 
Results:
 
Mortality:  No test article-related mortality was observed. One unscheduled 
sacrifice/death on Day 8 due to the eye injury resulting from orbital bleeding for a 200 
mg/kg male assigned for TK group.  
 
Clinical signs: No test article-related clinical observations.  
 
Body weights:  No test article-related effects on body weight and body weight gains. 
 
Food consumption:  No test article-related effects on food consumption. 
 
Ophthalmoscopy:  No indication of test article-related ocular findings. 
 
Hematology:  No other test article related effects on hematology and coagulation. 
 
Clinical chemistry:  No test article-related effects were evident in the clinical chemistry 
evaluation. 
 
Urinalysis:  No evident test article-related effects shown in urinalysis evaluation.  
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Gross pathology:  There were no test article-related adverse findings in gross pathology 
evaluation. 
 
Organ weights:  No significant test article-related effects on reported organ weight. 
 
Histopathology: No adverse test article-related findings were reported. The findings 
including, but not limited to, the listed below were sporadic with low incidence or 
severity, not consistent in both males and females and lack of dose-dependent manner, 
hence was not considered as adverse effects. 
 
Heart: slight increased cellularity in valve 1 (4004) of 10 males at 200 mg/kg 
Kidney: pyelitis, urothelial hyperplasia (#4004) 
moderate dilated pelvis  in 1 of 10 males at 200 mg/kg 
Lung: minimal interstitium osseous metaplasia in 1 of 10 males at 200 mg/kg 
 Slight interstitium osseous metaplasia in 1 of 10 females at 200 mg/kg 
Urinary bladder: slight mucosa/submucosa chronic inflammation with congestion and 
hemorrhage and slight urothelial hyperplasia in 1 (#4004) of 10 males at 200 mg/kg 
 
Toxicokinetics:  TK parameters were summarized in the table below. 

 

Study title:  VRT-813077: A 14-Day Oral (Gavage) Toxicity And Toxicokinetic Study 
in Dogs 
  
Key study findings:   

• Vomiting and watery stool observed in test article-treated groups without dose-
dependent pattern.  
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EKG:  Tracings were taken on un-anesthestized dogs at pretest and at the end of dosing 
period. 
Hematology, Clinical chemistry and Coagulation:  Samples were collected at pretest and 
at termination.  
Urinalysis:  16-hour overnight collected samples were obtained at pretest and 
termination. 
Gross pathology: 3/sex/group animals were necropsied following 14-day consecutive 
dosoing. Complete macroscopic examinations were performed on all necropsied animals.  
Organ weights: The tissues/organs listed in the Table of Histopathology Inventory below 
were weighed.   
Histopathology:  The tissues listed in the Table of Histopathology Inventory below were 
preserved and examined for all necropsied animals. Eyes, optic nerve, testes and 
epididymides were placed in Mondified Davidson’s solution and then retained in 10% 
formalin. 
  Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (  ),  no ( x ) 
Toxicokinetics: Samples for Groups 2 - 4 (test article treated groups) were taken on Day 
1, at 0.5, 1, 2, 4, 8, 12, and 24 hours postdose. Samples for Groups 1-4 were taken on Day 
13, at predose, and at 0.5, 1, 2, 4, 8, 12, and 24 hours postdose. Samples for control group 
on Day 1 were collected for the purpose of maintaining consistency among groups. 
 
Results:
 
Mortality:  No test article-related mortality was observed.  
 
Clinical signs:  Sporadic incidences of vomiting and watery stool (shown in the table 
below) were observed in male and female test article-treated groups while male and 
female control groups did not show any of these observations. However, the rate of the 
incidences of these observations was not dose-dependent and was low in the high dose 
groups. The findings were consistent with the low incidence of emesis reported in dog 
cardiovascular safety study (  Study No. SPT05-017). Therefore, it was considered 
a general reaction to the oral administration of the test article regardless of the dose 
levels, and clinically monitorable.  
 
Findings  (N=3) 15 mg/kg/ 30 mg/kg 60 mg/kg 

Incidence of 
Vomiting 

Incidence of 
Watery Stool 
 

M: 6-7 each 
F: 1-2 each 
 
M: 2 for 1M, 1 for 1M
F: 2 for 1F 

M: 2 for 1M 
F: 0 
 
M: 5 for 1M, 1  for 1M  
F: 1 each for 2Fs, 4 for 
1F 

M: 1  
F: 1 
 
M: 2 for 1M, 1 for 1M 
F: 0 

 
Body weights:  No test article-related effects on body weight and body weight gains. 
 
Food consumption:  No test article-related effects on food consumption. 
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Ophthalmoscopy:  No indication of test article-related ocular findings. 
 
EKG:  No test article-related effects on the evaluated parameters including heart rate, PR, 
QRS, RR, QT, QTc and P wave intervals of the ECG.  
 
Hematology:  There were no test article related effects on measured hematology and 
coagulation parameters. There were dose-dependent trend of decrease in HGB, HCT, and 
RBC counts of female treated dogs. However, the decreases were in small magnitude 
comparing to the control (maximal decrease in high dose: 11% in HGB, 10% in HCT and 
6% in RBC) and not shown in males, hence, were not considered test article-related 
adverse effects.  
 
Clinical chemistry:  No test article-related effects were evident in the clinical chemistry 
evaluation. 
 
Urinalysis:  No evident test article-related effects shown in urinalysis evaluation.  
 
Gross pathology:  For the male at 30 mg/kg euthanized on day 14 after developing 
dyspnoea and vomiting during dosing, lung discoloration and trachea abnormal content 
were observed. This finding was consistent with accidental dosing of the test article into 
the lung. In 1 of 3 males at 15 mg/kg, lung collapsed in accessory lobe/severe was 
observed. The correlated observations were found in microscopic examination. However, 
this single finding observed only at low dose level, it was considered incidental. 
 
Organ weights (specify organs weighed if not in histopath table):  No significant test 
article-related organ weight change was reported. The <20% increase (compared to the 
control) in liver weights of females at 30 and 60 mg/kg was not consistent with the trend 
in males at 60 mg/kg of which the 11% decrease (compared to the control) in liver 
weights was observed. There were no corresponding microscopic findings reported. The 
decrease in uterus/cervix or testes organ weight was attributed to the normal variability in 
the age and the extent of sexual maturity of the animals. 
 
Histopathology: Adequate Battery:   yes (x ),  no (  )—explain   
  Peer review:   yes (  ),  no (x) 
No adverse test article-related findings were reported. The immaturity in ovaries, 
epididymides, protates and testes was observed overall groups including the control 
groups. For the male at 15 mg/kg observed lung collapse in necropsy, there were 
correlated findings including severe lobar hypoplasia/atelectasis and marked lobar 
bronchiectasis, and other findings including peribronchial lymphoid hyperplasia, slight 
multifocal perivascular/alveolar inflammation foci, and moderate multifocal bronchiolar 
epithelial hyperplasia. The other findings were sporadic with low incidence or severity, 
not consistent in both males and females and lack of dose-dependent manner.  
    
Toxicokinetics:  The TK parameters were summarized in the table below. 
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Histopathology inventory  (optional)

Study  14-day 14-day Single 
dose 

Single 
dose 

Species Rat Dog Rat Mouse
Adrenals X* X* X* X* 
Aorta X X X X 
Bone Marrow smear X X X X 
Bone (femur)  X   
Brain X* X* X* X* 
Cecum X X X X 
Cervix X X X X 
Colon X X X X 
Duodenum X X X X 
Epididymis X X X X 
Esophagus X X X X 
Eye X X X X 
Fallopian tube     
Gall bladder  X   
Gross lesions X X X X 
Harderian gland X  X X 
Heart X* X* X* X* 
Ileum X X X X 
Injection site N/A N/A N/A N/A 
Jejunum X X X X 
Kidneys X* X* X* X * 
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Lachrymal gland X X X X 
Larynx     
Liver X* X* X* X* 
Lungs X* X* X* X* 
Lymph nodes, cervical     
Lymph nodes 
mandibular 

    

Lymph nodes, 
mesenteric, mediastinal

X X X X 

Mammary Gland X X X X 
Nasal cavity     
Optic nerves X X X X 
Ovaries X* X* X* X* 
Pancreas X X X X 
Parathyroid X X* X X 
Peripheral nerve     
Pharynx     
Pituitary X X* X X 
Prostate X X* X X 
Rectum X X X X 
Salivary gland X X X X 
Sciatic nerve X X X X 
Seminal vesicles X  X X 
Skeletal muscle X X X X 
Skin X X X X 
Spinal cord X X X X 
Spleen X* X* X* X* 
Sternum  X   
Stomach X X X X 
Testes X* X* X* X* 
Thymus X X* X X 
Thyroid X X* X X 
Tongue X  X X 
Trachea X X X X 
Urinary bladder X X X X 
Uterus X X* X X 
Vagina X X X X 
Zymbal gland     

   X, histopathology performed 
   *, organ weight obtained 
 
 
2.6.6.4 Genetic toxicology   
 
Study title:  VRT-813077: Bacterial Reserve Mutation Assay 
 
Key findings:   
VRT-813077 did not resulted in a positive response in either the presence or absence of 
Arclor-induced rat liver S9.  
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Methods 

Male ICR mice (Harlan) approximately 6-8 weeks (body weight ranged 27.0 to 31.4 g), 
were dosed as the study design shown in the table below. Bone marrow cells 
[polychromatic erythrocytes (PCE) and normochromatic erythrocytes (NCEs)] collected 
24 and 48 hours after dosing were examined microscopically for the presence of 
micronuclei (MPCEs, or MNCEs).  

 
Basis of dose selection:  Dose selection was based on toxicity data obtained in the 
screening study conducted at  In the Study 
AA07YE.121M.BTL, no mortality or clinical signs were observed in male mice in the 
range of doses from 125 mg/kg to 2000 mg/kg. Based on this limited dose of 2000 
mg/kg, this study is acceptable.  
 
Results

Criteria for a Valid Test: The mean incidence of micronucleated polychromatic 
erythorcytes must not exceed 5/1000 polychromatic erythrocytes (0.5%) in the vehicle 
control. The incidence of micronucleated polychromatic erythorcytes in the positive 
control group must be significant increased relative to the vehicle control group (p 0.05). 
 
Study Outcome: All criteria for a valid test were met. No mortality occurred during the 
course of this study. No abnormal in appearance and behavior were observed in all 
animals following dose and in the course of the study. Reductions, up to 6%, in the ratio 
of polychromatic erythrocytes to total erythrocytes were observed in some the test article 
groups relative to the respective control groups. No significant increase in the incidence 
of micronucleated polychromatic erythrocytes in test article groups relative to the 
respective control groups were observed at 24 or 48 hrs after dosing. Therefore, oral 
dosing of VRT-813077 at doses up to and including a dose 2000 mg/kg did not induce a 
significant increase in the incidence of micronucleated polychromatic erythrocytes in 
male mice.  
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of the stomach at doses 500 mg/kg, and myocardial degeneration at 1000 mg/kg. The 
NOAEL could not be identified in this study.     
 
In the 14-day repeated dose rat toxicity study at doses levels of 0, 50, 100 and 200 mg/kg, 
no significant toxic findings were reported. The 10-14% liver weight increase was not 
considered adverse effect due to the lack of corresponding histopathologic findings and 
liver enzymes changes.  The NOAEL was identified at 200 mg/kg. The high dose 
selected was not high enough to identify the target organs.  
 
In the 14-day repeated dose dog toxicity study at dose levels of 0, 15, 30 and 60 mg/kg, 
the vomiting and watery stool were observed sporadically in all drug treated groups 
without a dose-dependent pattern. The NOAEL was identified at 60 mg/kg (the highest 
dose). As no higher dose was tested, the dog toxicity profile could not be characterized.   
 
Three genotoxicity studies (Bacterial Reserve Mutation Assay, In Vitro mammalian 
Chromosome Aberration Test and Mammalian Erythrocyte Micronucleus Test) were 
negative.   
 
According to the NOAELs of 14-day rat and 14-day dog studies, the safety margin based 
on surface area (mg/m2) is 76-79 fold for the proposed starting dose 25 mg and about 2 
fold for the proposed maximal escalating dose 800 mg. Since no target organs were 
identified, the potential toxicity could not be monitored. With safety factors of 6 for dogs 
and 10 for rats based on the body weight (mg/kg), the supported maximal escalating 
doses will be up to 500 mg. Therefore, the modified maximal escalating dose of 500 mg 
is accepted.  
 
As no target organ of toxicity was identified in both 14-day repeated dose rat and dog 
studies, the sponsor should be informed of considering higher dose(s) in the future 
nonclinical studies to reveal the potential target organ(s) of toxicity.   
 
Recommendation: The proposed clinical trial is reasonably safe to proceed. The sponsor 
should be informed of employing higher dose(s) in the future nonclinical studies to reveal 
the potential target organ(s) of toxicity. 
 
Letter to sponsor: 
 
As no target organ of toxicity was identified in 14-day repeated dose rat and dog studies, 
you should consider employing higher dose(s) in the future nonclinical studies to reveal 
the potential target organ(s) of toxicity. 
 
Signatures (optional):    
 
Reviewer Signature  ___________________________________ 
 
Supervisor Signature_____________________________ Concurrence  Yes ___  No ___
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
IND number:  74633
Review number:  04
Sequence number/date/type of submission:   
SN011/January 4, 2007/Clinical Protocol 
SN012/January 9, 2007/IT
Information to sponsor: Yes () No (X) 
Sponsor and/or agent:   Vertex Pharmaceuticals Incorporated 
 130 Waverly Street 
 Cambridge, MA 02139 
 
Reviewer name:  Jean Q. Wu   
Division name:  Division of Pulmonary and Allergic Products   
HFD #:  HFD-570
Review completion date:  June 5, 2007   
  
Drug:
 Trade name:  N/A 
 Generic name:  N/A 
 Code name:  VX-770 (VRT-813077)   

Chemical name:  N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-
oxoquinoline-3-carboxamide 

 CAS registry number:  N/A 
 Molecular formula/molecular weight: C24H28N2O3/392.49 
 Structure: 

   
 
Relevant INDs/NDAs/DMFs:  None 
 
Drug class:  potentiator of chloride ion transport through CFTR chloride ion channel 
 
Intended clinical population:  patients with cystic fibrosis 
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abnormalities were reported. There were no clinically significant findings in ECG and 
liver function. The common adverse event was bad taste, which did not differ in 
prevalence between treatment and placebo. Diarrhea was another common adverse event 
which was observed in healthy subjects in both treatment and placebo. In the multiple 
dose part, 5 healthy subjects developed rashes or cutaneous adverse events [one after 27 
doses of 250 mg, one after 5 doses of 250 mg, one after 17 doses of 125 mg, one after 20 
doses (dose level was not indicated) and one at 3 days (dose level was not indicated) after 
the last study].   

 

Studies reviewed within this submission:  

Pharmacology 

Report No. C166: Effects of VX-770 on Activity of the R117H Mutant of the Cystic 
Fibrosis Transmembrane Conductance Regular (CFTR) Expressed in FRT Cells 
 
Report No. C172:  VX-770 Effectively Potentiates F508-CFTR Activity When Added 
to Either Apical or Basolateral Side of Human Bronchial Epithelia in Vitro 
 
Report No. C181: In Vito Activity of VRT-83718, a Putative Metabolite of VX-770, on 
Chloride Secretion in Cystic Fibrosis Bronchial Epithelia 

Report No. C187: Effects of VX-770 on CFTR-Mediated Chloride Transport in Human 
Brochial Epithelia Heterozygous for the 2789+5G->A Splice Site Mutation and F508-
CFTR 
 
Toxicology 
  
Study title:  VX-770: 3-Month Oral Toxicity And Toxicokinetic Study in Rats with A 
28-Day Recovery Period 

Study title:  VX-770: 3-Month Oral Toxicity And Toxicokinetic Study in Dogs with A 
28-Day Recovery Period 

Studies not reviewed within this submission: None 
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2.6.2 PHARMACOLOGY 
  
2.6.2.2 Primary pharmacodynamics   
  
Mechanism of action: 
Report No. C166: Effects of VX-770 on Activity of the R117H Mutant of the Cystic 
Fibrosis Transmembrane Conductance Regulator (CFTR) Expressed in FRT Cells 
 
The effect of VX-770 on R117H-CFTR activity was measured in Fischer rat thyroid 
(FRT) epithelial cells expressing mutant CFTR using Ussing chamber recording 
techniques. The basal Cl- secretion and the forskolin stimulated Cl- secretion of R117H-
CFTR with various concentrations of VX-770 were measured and compared with wild-
type CFTR, G551D-CFTR and F508-CFTR. The data was summarized in the table 
below (excerpted from page 9 of the study report). The results indicated that VX-770 
caused a dose-dependent increase in Cl- secretion with an EC50 of 82 nM and an efficacy 
of ~15% of wild-type CFTR, in the presence of forskolin. The forskolin and VX-770 
response was abolished by glibenclamide, a known CFTR blocker, indicating that Isc 
(short-circuit current) was CFTR-mediated.  

 

Report No. C172:  VX-770 Effectively Potentiates F508-CFTR Activity When Added 
to Either Apical or Basolateral Side of Human Bronchial Epithelia in Vitro 
 
The ability of VX-770 to potentiate CFTR activity was assessed when added to either the 
apical or basolateral side of human bronchial epithelia (HBE) isolated from F508 
homozygous Cystic Fibrosis (CF) patients using Ussing chamber recording techniques. In 
the presence of forskolin, application of VX-770 to the apical side of the epithelial caused 
a dose-dependent increase in CFTR-mediated Cl- secretion within 5 min with an EC50 of 
36 nM while application of VX-770 to the basolateral side of epithelia caused a dose-
dependent increase in Cl- secretion within 30-60 min, with a comparable potency (EC50 
of 67 nM at 30 min or 18 nM at 60 min). The data shown below was excerpted from Page 
9 of the report. 
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Report No. C181: In Vito Activity of VRT-837018, a Putative Metabolite of VX-770, on 
Chloride Secretion in Cystic Fibrosis Bronchial Epithelia 

The activity of VRT-837018, a putative metabolite of VX-770, was assessed in human 
bronchial epithelia (HBE) isolated from CF patients homozygous for the F508 mutation 
using Ussing chamber recording techniques. The total Cl- secretion was determined in the 
presence of various concentrations (0.01- 30 μM) of VRT-837018 or VX-770, after 
activation of cAMP pathway with forskolin. The results showed that VRT-837018 
potentiated forskolin-stimulated Cl- secretion in F508-HBE with an EC50 of 390 nM 
while the VX-770 potentiated Cl- secretion with an EC50 of 26 nM. 

Report No. C187: Effects of VX-770 on CFTR-Mediated Chloride Transport in Human 
Bronchial Epithelia Heterozygous for the 2789+5G->A Splice Site Mutation and F508-
CFTR 
 
The ability of VX-770 to potentiate CFTR activity in human bronchial epithelia (HBE) 
isolated from CF patients heterozygous for the 2789+5G->A splice site mutation and 

F508 using Ussing chamber recording techniques. Transepithelial resistance and short-
circuit current (Isc) were measured and total Cl- secretion was determined in the presence 
of various concentrations of VX-770, after activation of cAMP pathway with forskolin. 
Application of VX-770 produced a dose-dependent increase in forskolin-stimulated Cl- 
secretion to a maximal level of 7.7 μA/cm2 at 0.1 μM VX-770 with an EC50 of 17 nM. 
The EC50 was similar to its potency observed in a previous study (Report No. C181) 
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dosing. Up to 4/sex/Groups 1 and 4 recovery animals were necropsied at the end of 
recovery period. Complete macroscopic examinations were performed on all toxicity 
animals.  
Organ weights: The tissues/organs listed in the Table of Histopathology Inventory below 
were weighed.   
Histopathology:  The tissues listed in the Table of Histopathology Inventory below were 
preserved. Tissues from control and high dose necropsied animals were microscopically 
examined. Eyes, optic nerve, testes and epididymides were placed in Mondified 
Davidson’s solution and then retained in 10% formalin. 
  Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (  ),  no ( x ) 
Toxicokinetics: Samples were taken from TK animals of groups 2-5 on Day 1, Day 27 
and 90 at the following timepoints: 0.5(Day 1)/pre-dose(Days 27 and 90), 1, 2, 4, 8, and 
24 hours postdose. Samples from control TK animals were taken on Days 1, 27 and 90 at 
one timepoint, 4 hours postdose. 
 
Results:
 
Mortality:  No test article-related mortality was observed in 50 and 100 mg/kg animals. 
There were a total of 18 unscheduled sacrifices/deaths as listed in the table below (page 
37, table 10.1.3). All deaths in the control and 50 mg/kg/day were procedure-related. All 
deaths in toxicity animals (9 animals) at dose of 200 and 400 mg/kg/day were test article-
related. Histopathology evaluation of these 9 toxicity animals revealed moderate to 
marked multifocal (centrilobular) hepatocellular necrosis in one 200 mg/kg male (found 
dead) and two 400 mg/kg males (one found dead, one moribund sacrificed) and 
enteropathy in 1 female as the probable cause of death/moribundity.  
 

 
 
Clinical signs: There were no test article-related clinical signs in 50 mg/kg and 100 
mg/kg animals. One 100 mg/kg animal had anogenital stains, decreased activity, 
excessive salivation, labored/rapid breathing on Day 88 of the study. Due to this 
observation limited in one animal of that dose group on one occasion during the study, it 
was not considered test article-related adverse effect. The significant test article-related 
clinical observations in the 200 and 400 mg/kg animals included decreased activity, food 
consumption and fecal volume, hunched posture, paleness, labored/rapid breathing, red 
exudates from the mouth/eyes and unformed/watery stool.  
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Body weights:  Prior to termination of the high dose animals (on Day 27), there was a 
decrease in absolute body weight gain in high dose males (-15%) and females (-17%) 
when compared to the respective controls. The absolute body weight gains for doses of 
50, 100 and 200 mg/kg, when compared to the controls, were +14%, +7%, -4% in males, 
and -0.7%, -2%, -12% in females, respectively. They were not considered significant test 
article-related toxicity. During recovery period, there was a decrease in absolute body 
weight gains in 200 mg/kg female (-93%) when compared to the control females, but 
there was no significant difference in absolute body weight gains between control and 
200 mg/kg males.  
 
Food consumption:  There were no test article-related effects on food consumption at 
doses up to 200 mg/kg. During Week 1, a slight decrease in food consumption (~11%) 
was observed in the high dose animals. 
 
Ophthalmoscopy:  There were no test article-related ocular findings. 
 
Hematology:  At doses up to 200 mg/kg, there were no biologically significant test article 
related effects on hematology. The differences in some hematology parameters between 
control and treated groups, including increased eosinophils, decreased monocytes, 
basophils or decreased reticulocyte counts were not considered biologically significant 
since they were in a small magnitude (<30%), lack of dose-dependent manner, 
inconsistent in different time intervals, or did not show in the recovery groups or the 
values made the significant difference with respect to the correspondent controls were 
within the range of the control values measured at different time intervals.  
 
At 400 mg/kg animals, low HCT/RBC was observed in males (up to -6%) and females 
(up to -16%) on Day 31, and the low platelets w observed in females (-21%), which were 
correlated with bone marrow hypocellularity changes. The HCT/RBC and platelet 
changes at 400 mg/kg were resolved in recovery phase. 
 
The APTT and PT were prolonged in 200 mg/kg males on Days 57 and 91 (as shown in 
the table below, excerpted from page 40 of the study report) while the coagulation times 
had tendency to be shorter (<3 seconds) in females at doses  50 mg/kg. At 400 mg/kg, 
the APTT and PT were prolonged by 23 to 39 seconds in males on Days 28 and 31 but 
were only 6 seconds in females on Day 31. During recovery phase, the coagulation 
parameters were comparable between control and 200 mg/kg or 400 mg/kg groups.  

 
 
Clinical chemistry:  There were significant increase in ALT, GGT and BUN observed in 
200 mg/kg and 400 mg/kg males and females, which were correlated with the 
centrilobular hepatocellular necrosis observed in 200 and 400 mg/kg animals.  The data 
was listed in the tables below (excerpted from Page 41 of the study report). There was 
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also a slight increase in ALT (+29%) and BUN (+23%) in 100 mg/kg males on Day 57 
and Day 91. The increase in SDH was observed only in 400 mg/kg group. The other 
changes including phosphorus, potassium, CO2, globulin, calcium, albumin, cholesterol 
observed at 200 and/or 400 mg/kg, were not considered test article-related toxicity due to 
their small magnitudes (<30%) or inconsistency in different time intervals. The other 
sporadic changes in glucose, triglycerides, or bicarbonate observed in males or females at 
doses  50 mg/kg or  100 mg/kg were not toxicological significant. There was no 
difference in the measured parameters between control and 200 or 400 mg/kg recovery 
animals. 

 

 

 
 
Urinalysis:  The phosphorus/creatinine ratio was lower at doses of 100 mg/kg and above 
in males comparing to the correspondent controls at all time intervals. However, the 
values were comparable to the range of the control values measured at different time 
intervals.  Increased urine volume (>50%), increased pH (control males 6.6-6.8 vs. 
treated males 7.0-7.4; control females 6.1-6.4 vs. 6.8-6.9) and decreased specific gravity 
(control males 1.022-1.040 vs. treated males 1.012-1.017; control females 1.025-1.047 
vs. treated females 1.017-1.018) and decreased potassium excretion (males >50%, 
females 33% - >50% ) were observed consistently at dose of 200 mg/kg but 
inconsistently with lower magnitude at dose of 100 mg/kg.  There was no difference in 
the measured parameters between control and 200 or 400 mg/kg recovery animals. Due to 
the normal variation of the data, the changes observed appeared to have limited 
toxicologically significance.     
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Gross pathology:  There were no test article-related adverse findings in gross pathology 
evaluation. 
 
Organ weights:  As shown in the table below (excerpted from Page 43 of the study 
report), there was a dose-related increase in liver weights in treated groups vs. control 
group. The data for 400 mg/kg group was based on a comparison to historical control 
values of corresponding age and study duration. Organ weights were comparable between 
control and treated groups in recovery animals. 

 
 
Histopathology: As shown in the tables below, the test article-related findings observed 
in 400 and 200 mg/kg rats included dilated/cystic mucosal lymphatics, small vacuoles in 
the villus lamina propria and small introcytoplasmic vacuoles in the epithelium observed 
in intestinal tract (duodenum, jejunum, ileum), dilated/cystic reticular meshwork in 
mesenteric lymph nodes, centrilobular hepatocellular necrosis with acute/subacute 
inflammation and scattered foci of mixed inflammatory cells in liver, and female-type or 
mixed-type mammary tissues in males. The multiple foci of convoluted tubules with 
basophilic epithelium were observed in 100 and 200 mg/kg males with high incidence but 
in 400 mg/kg males with low incidence (2/10). This finding with minimal severity was 
present in 200 mg/kg recovery animals, indicating a partial recovery. The hypocellular 
metaphyseal marrow and congestion was observed in 400 mg/kg animals and was not 
present in the recovery animals.   

Reference ID: 3072943



Reviewer: Jean Q. Wu              IND No. 74633 
 
 

 13 
 

 

 
 

 
. 
Toxicokinetics:  TK parameters were summarized in the table below. 
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dose groups at the end of recovery period. Complete macroscopic examinations were 
performed on all necropsied animals.  
Organ weights: The tissues/organs listed in the Table of Histopathology Inventory below 
were weighed.   
Histopathology:  The tissues listed in the Table of Histopathology Inventory below were 
preserved and examined for all necropsied animals. Eyes, optic nerves and testes were 
placed in Mondified Davidson’s solution and then retained in 10% formalin. Lungs and 
urinary bladder were infused with formalin prior to their immerse into a larger volume of 
the fixative. Bone marrow smear preparations were air dried and fixed in absolute 
methanol. 
  Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (  ),  no ( x ) 
Toxicokinetics: Samples were taken on Day 1, at 0.5, 1, 2, 4, 8, and 24 hours postdose, 
on Day 28, at predose, and at 1, 2, 4, 8, and 24 hours postdose, and on Day 91, at 
predose, and at 1, 2, 4, 8, and 24 hours postdose. 
 
Results:
 
Mortality:  No test article-related mortality was observed.  
 
Clinical signs:  A dose-related increase in incidence/occurrence of abnormal stools 
(unformed, watery, presence of mucus, yellow and yellow/watery) was observed in 
treated males and females. An increase in incidence/occurrence of vomiting (with or 
without food, presence of mucus) was observed in treated animals with a dose-related 
pattern observed in females. Apparent test article/formulation was noted occasionally in 
the stool or vomits of the treated animals. The findings were consistent with the sporadic 
non-dose-related incidence of abnormal stool and vomiting observed in the 14-day dog 
study (Sponsor Study No. VRT-813077-TX-010). These findings were considered test 
article-related but clinically monitorable. In recovery period, abnormal stool and 
vomiting was recorded infrequently and the very low incidence/occurrence was 
considered within background variation. 
 
Body weights:  There were no significant test article-related effects on body weight and 
body weight gains. 
 
Food consumption:  There were no test article-related effects on food consumption. 
 
Ophthalmoscopy:  There was no indication of test article-related ocular findings. 
 
EKG:  In one high dose female, the 1st and 2nd-degree (Mobitz type I) AV block was 
observed on Day 29 and the 1st AV block was observed on Days 36 and 88. The AV 
block was not observed in this dog during the recovery period. Since the 2nd –degree AV 
block was only observed in one time interval and the finding was limited to one dog and 
reversible, it was not considered toxicologically significant.  The observation of a single 
occurrence of ventricular premature complex (VPC) in one 30 mg/kg female was more 
likely to be incidental than a test article-related toxicity.  There were no other test article-
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related effects on the evaluated parameters including heart rate, PR, QRS, RR, QT, and P 
wave intervals of the ECG.  
 
Hematology:  There were no test article related effects on measured hematology and 
coagulation parameters. The changes on Day 14 and Day 28 were listed in the table 
below (excerpted from Page 40). These changes were in small magnitude, dose-
independent, not observed consistently in most time intervals or opposite gender, hence, 
were not considered test article-related adverse effects. In recovery period, the 
hematology values were comparable between high dose and control animals.  

 
Clinical chemistry:  There were no significant test article-related adverse effects on the 
measured clinical chemistry parameters in dosing and recovery period. The statistically 
significant changes in some electrolyte values were in small magnitude (<15%), 
inconsistent between time intervals, hence, were not considered toxicologically 
significant.  
 
Urinalysis:  There were no evident test article-related effects shown in urinalysis 
evaluation.  
 
Gross pathology: There were no significant test article-related findings in gross pathology 
evaluation. 
 
Organ weights (specify organs weighed if not in histopath table):  There were no 
significant test article-related organ weight changes. 
 
Histopathology:  
There were no adverse histopathological findings attributed to administration of test 
article. The findings listed below were not observed in the recovery animals. The findings 
listed below and others were not considered toxicologically significant since they were in 
low incidence/severity, lack of dose-dependent pattern, or similar to the 
incidence/severity in control animals.  
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Findings 
 

Males  Females 

Actual Achieved Dose (mg/kg/day) Ctl. 15 30 
 

60 Ctl. 15 30 
 

60 

Main 4 4 4 4 4 4 4 4 Number of animals  

Rec 2 0 0 2 2 0 0 2 
Main 0 0 0 0 0 1(3) 0 0 Heart, Myocardial coronary 

vessels hypertrophy 
Rec 0 - - 0 0 - - 0 
Main 0 0 0 0 0 0 1(2) 0 Heart, Myocardial fibrosis 

with minerlization Rec 0 - - 0 0 - - 0 
Main 0 0 0 0 0 0 0 1(1) Kidney, cortical tubules, 

basophilia Rec 0 - - 0 0 - - 0 
Main 0 0 1(2) 1(3) 0 0 1(1) 0 Lungs:pyogranulomatous 

inflammation/foreign body 
granulomas 

Rec 0 - - 0 0 - - 0 

Main 0 2(1) 0 1(1) 1(1) 1(1) 0 2(1) Thyroid Gland, C-cell 
hyperplasia Rec 0 - - 0 0 - - 0 

Main N/A N/A N/A N/A 0 0 1 (p) 1(p) Uterus w/Cervix, metestrous 
Rec N/A N/A N/A N/A 0 - - 0 

The number in the parentheses indicates the level of severity: 1=minimal, 2= mild/slight, 3= moderate.   
 Ctl.= control, Rec. = recovery 

    
Toxicokinetics:  The TK parameters were summarized in the table below. 

 
 
 
Histopathology inventory  (optional)
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Study  3-month 3-month 
Species Rat Dog 
Adrenals X* X* 
Aorta X X 
Bone Marrow smear X X 
Bone (femur)  X 
Brain X* X* 
Cecum X X 
Cervix X X 
Colon X X 
Duodenum X X 
Epididymis X X 
Esophagus X X 
Eye X X 
Fallopian tube   
Gall bladder  X 
Gross lesions X X 
Harderian gland X  
Heart X* X* 
Ileum X X 
Injection site N/A N/A 
Jejunum X X 
Kidneys X* X* 
Lachrymal gland X X 
Larynx   
Liver X* X* 
Lungs X* X* 
Lymph nodes, cervical   
Lymph nodes 
mandibular 

  

Lymph nodes, 
mesenteric, mediastinal

X X 

Mammary Gland X X 
Nasal cavity   
Optic nerves X X 
Ovaries X* X* 
Pancreas X X 
Parathyroid X X* 
Peripheral nerve   
Pharynx   
Pituitary X X* 
Prostate X X* 
Rectum X X 
Salivary gland X X 
Sciatic nerve X X 
Seminal vesicles X  
Skeletal muscle X X 
Skin X X 
Spinal cord X X 
Spleen X* X* 
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Sternum X X 
Stomach X X 
Testes X* X* 
Thymus X X* 
Thyroid X X* 
Tongue X  
Trachea X X 
Urinary bladder X X 
Uterus X X* 
Vagina X X 
Zymbal gland   

   X, histopathology performed 
   *, organ weight obtained 
 

2.6.7 TOXICOLOGY TABULATED SUMMARY  

OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Summary:   
 
In the 14-day repeated dose rat toxicity study submitted in the original IND, there were 
no significant toxicity observed at doses of 0, 50, 100 and 200 mg/kg. The 10-14% liver 
weight increase was not considered adverse effect due to the lack of corresponding 
histopathologic findings and liver enzymes changes. The NOAEL was identified at 200 
mg/kg. The sponsor was asked to test higher dose in the future preclinical study(ies) to 
identify potential target organ(s) of toxicity.  
 
In current submission, the 3-month rat study showed more toxic findings than the 14-day 
rat study at the same and/or higher dose levels. In this 3-month rat toxicity study at dose 
levels of 0, 50, 100, 200 and 400 mg/kg, the test article-related mortality was observed in 
200 (4 deaths) and 400 mg/kg animals (10 deaths) associated with significant clinical 
signs including decreased activity, food consumption and fecal volume, hunched posture, 
paleness, labored/rapid breathing, red exudates from the mouth/eyes and unformed/ 
watery stool. Dose at 400 mg/kg was stopped on Day 30 due to severe clinical signs and 
several unscheduled death. Prolongation of APTT and PT, increase in ALT, GGT and 
BUN were observed at doses of 200 and 400 mg/kg while increase in SDH and lower 
plasma potassium were observed at dose of 400 mg/kg. A dose-dependent increase in 
liver weight was observed, correlated with the liver findings (necrosis and inflammation) 
at 200 and 400 mg/kg dose levels. At doses of 200 and 400 mg/kg, the target organs of 
toxicity were intestinal tract (duodenum, jejunum, ileum), mesenteric lymph nodes, liver, 
and mammary tissues in males. At dose of 400 mg/kg, bone marrow hypocelluarity was 
observed.  Kidney cortex convoluted basophilic tubular epithelia were observed in 100 
mg/kg (6/10) and 200 mg/kg males (9/11). The NOAEL was identified at 50 mg/kg/day. 
  
In the 3-month repeated dose dog toxicity study at dose levels of 0, 15, 30 and 60 mg/kg, 
an increase in incidence/occurrence of abnormal stool and vomiting was observed in all 
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drug treated groups. The similar clinical observation without dose-dependency was also 
noted sporadically in all drug treated groups in the 14-day dog study. This was 
considered as a test article-related GI reaction and clinically monitorable. The NOAEL 
was identified at 60 mg/kg (the highest dose).  
 
As shown in the table below, the safety margins derived from the AUC comparisons are 
based on preliminary human PK data submitted in S005 and the exposures at the 
NOAELs in the 13-week rat and dog studies. Due to the unscheduled death observed in 
the 3-month rat study, the safety margin derived from the AUC comparison to 3-month 
rat study must be at least 2. For the proposed maximal dose of 150 mg q12h (300 
mg/day) in Part 1 clinical study, the safety margins derived from AUC comparison were 
at least 5-fold (rat) and 9-fold (dog) of the projected exposure at 300 mg/day, with respect 
to the 13-week rat and dog studies, respectively. Those safety margins were considered 
sufficient to support the proposed doses. The dose in the proposed Part 2 clinical study 
will be determined based on a safety review and an interim PK/PD analysis of Part 1 
clinical study. As indicated in the clinical protocol, this dose will be the optimal 
therapeutic dose based on the data obtained from Part 1. Therefore, the dose in Part 2 
would not be expected to exceed the highest dose (150 mg q12h) tested in Part 1 and the 
proposed clinical study is considered safe to proceed. The toxicity findings in the rat 
study and GI reaction in the dog study have been discussed with the medical reviewer.     
 

Rat 50 mg/kg Dog 60 mg/kg Dose Human 
200 mg 

Human 300 
mg = 6 mg/kg M F M F 

AUC
ug.hr/mL 

12.742a  19.432 
(projected) 

98.1b 180.2b 174b 178b 

SF based on 
AUC

N/A N/A 5.0 9.3 9.0 9.2 

SF based on 
mg/kg 

N/A N/A 8.3 10 

a. Median AUC0-  in μg.hr/mL. (1/1000 of μg/L*hr). 
b. AUC0-24hr of Day 91 

 

Recommendation: The proposed clinical study is reasonably safe to proceed.   
 
 
 
Signatures (optional):    
 
Reviewer Signature  ___________________________________ 
 
Supervisor Signature_____________________________ Concurrence  Yes ___  No ___
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2.6 PHARMACOLOGY / TOXICOLOGY REVIEW 

2.6.1 INTRODUCTION AND DRUG HISTORY

IND number: 74,633  
Sequence number/dates/type of submission: Ser. 60; 11/13/ 08, Ser. 64 12/15/08 Special 
Carcinogenicity Protocol Assessment in mice  
Information to sponsor: Yes ( ) No (X) 
Sponsor and/or agent: Vertex Pharmaceuticals Inc. 
 
Reviewer name: Lawrence F. Sancilio, Ph.D.    
Division name: Division of Pulmonary and Allergy Products    
HFD #: 570  
Review completion date: 1/16/09    
 
Drug:  
 Trade name:  N/A 
 Generic name:  N/A 
 Code name:  VX-770 (VRT-813077)   

Chemical name:  N-(2, 4-Di-tert-butyl-5-hydroxyphenyl)-1, 4-dihydro-4-
oxoquinoline-3-carboxamide 

 CAS registry number:  N/A 
 Molecular formula/molecular weight: C24H28N2O3/392.49 
 Structure: 

   
 
              
Drug class: Potentiator of the cystic fibrosis transmembrane conductance regulator 
(CTFR) chloride channel. 
 
Intended clinical population: Cystic fibrosis.    
 
Clinical formulation:  
 
Route of administration: oral.  
  
Disclaimer:  Tabular and graphical information are constructed by the reviewer unless 
cited otherwise.  
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 Introduction and Drug History 

 This was a special request for an assessment of a mouse carcinogenicity protocol for 
VX-770 based on a 13-week oral toxicity study in mice. 

2.6.6 TOXICOLOGY 

2.6.6.1 Overall toxicology Summary 
 
In a 3-month oral toxicity in mice, the oral doses were 100 (LD), 300 (MD), 600 (HD)  
and 1000 (VHD) mg/kg. In the toxicokinetics and toxicity groups, apparent treatment- 
related deaths for mice that were found dead or sacrificed in a moribund condition 
occurred between day 13 and day 89. In males, there were 2 of 28 at the LD, 1 of 28 at 
the MD, 3 of 28 at the HD and 11 of 28 at the VHD, and in females there were  
4 of 28 at the HD and 11 of 28 at the VHD. Some of these animals showed abdominal 
and gastrointestinal distension. Deaths unrelated to treatment occurred in 1 female control 
and 1 female LD (procedure error; no description was stated), and in 1 female VHD 
(gavage).  In the survivors, the clinical signs were dermal ulcers (VHD males), dyspnea 
(HD and VHD males; VHD females), moist rales (males, all doses males; HD and VHD 
females) and abdominal distension VHD males and females). Although, there was no 
statistical significant change in body weight and in body weight gained, there was a trend 
to decreasing body weight in males and an increase in body weight in females. There 
were in males decreased body weight (9%), and decreased body weight gained (31%), 
while in females there was increased body weight (3%) and increased body weight 
gained (18%). Food consumption was not affected. At the VHD in females, there was an 
increase in white blood cells, neutrophils, lymphocytes, monocytes and large unstained 
cells. A trend was observed for the white blood cells, lymphocytes and monocytes.  
Males showed an increasing trend with the ALT levels with significance at the HD and 
VHD. The was a decreasing trend in the glucose and cholesterol levels with significance 
at the VHD. In females, there was an increasing trend with the ALT and ALKP levels 
with a significant increase only with the ALKP at the VHD; a decreasing trend occurred 
with the cholesterol levels; significance occurred at the HD and VHD where the percent 
decrease was similar. The pharmacokinetics was dose related for the parent compound 
and the two metabolites, M1 (VRT-837018) and M6 (VRT842917). At the 90- day 
analysis, females showed accumulation and higher AUCs of both metabolites than males 
indicating greater metabolism. In the terminal animals, death was attributed to focal liver 
necrosis in 1 VHD male and female. The cause of deaths in the other animals was not 
identified. Unscheduled sacrificed animals showed bloated abdomens manifested by 
distended organs of the gastrointestinal system. There was no histopathology associated 
with these gastrointestinal findings. In these unscheduled sacrificed animals, organs 
showing histopathology were the liver, pancreas, salivary glands, spleen, thymus, liver 
and ovaries. The oral NOAEL was <100 mg/kg in males and 300 mg/kg in females. The 
oral MTD was 300 mg/kg in both males and females; the significance of low incidences 
of death for males in the LD and MD groups was unclear 
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Repeat-Dose Toxicity  

Study title: 3-Month oral toxicity study in mice  

Key findings:    
 
• The oral test doses were 100 (LD), 300 (MD), 600 (HD) and 1000 (VHD) mg/kg. 
• VX-770 was lethal or induced a moribund condition at all doses in males and at 

the HD and VHD in females. However, incidences of death for LD and MD males 
were low and their significance was unclear. 

• Some unscheduled sacrificed animals showed bloated abdomens and distended 
organs in the gastrointestinal system. 

• At the VHD, females showed increased white blood cells, neutrophils, 
lymphocytes, monocytes and large unstained cells. 

• Males showed increased ALT levels at the HD and VHD and decreased glucose 
and cholesterol levels at the VHD.  

• Females showed increased ALT and ALKP levels with significance occurring 
with ALKP at the VHD; a similar decrease in cholesterol levels occurred at the 
HD and VHD. 

• Females showed higher AUCs of the 2 metabolites, M1 and M6, than males, and 
there was accumulation in females.  

• The oral NOAEL was <100 mg/kg in males and 300 mg/kg in females; potential 
targeted organs were the liver, pancreas, salivary glands, spleen, thymus, liver and 
ovaries. 

• The oral MTD was 300 mg/kg in both males and females; the significance of low 
incidences of death for males in the LD and MD groups was unclear.

 
Study no: 08-2051 
Volume # and page #: EDR. 
Conducting laboratory and location:  
Date of study initiation: 2/26/08 
GLP compliance: Yes (no signature). 
QA report: yes (X) (no signature) 
Drug, lot #, and % purity: 17QB02-HQ00003 (95.1%), 17QB02-HQ00004 (98.0%), 
17QB02-HQ00004.02 (98.4%), 17QB02-HQ00004.03 (96.9%), 17QB02-HQ00007.02  
(98.0%), 
Control vehicle: 0.5%Methylcellulose with 0.5% sodium lauryl sulfate and 0.01%  
simethicone in water. 
Test article: This was a  mixtures of VX-770 and hydroxyl  
propylmethylcellulose acetate succinate and sodium lauryl sulfate.   

 
 
Method  
 
Doses: C (0), 100 (LD), 300 (MD), 600 (HD) and 1000 (VHD) mg/kg. 
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Justification of doses: In a 14-day rat oral toxicity study, 200 mg/kg was well 
tolerated; in the 3-month oral toxicity study in rats, deaths occurred at doses  200 

mg/kg. 
In single dose oral studies, no toxicity was seen at 1000 mg/kg in mice and rats. 
 Duration of dosing: 3-Months.  
Species/strain: Charles River Sprague-Dawley Crl: CD (SD) IGS BR mice.  
#/Sex/group: 10 (Main Group): toxicokinetics group; 36.  
Age: 6-7 Weeks.  
Weight: M, 24-31 g; F, 20-26 g. 
Route: Oral by gavage, 10 ml/kg.  
 
 
Observations:
 
Analysis of Formulation: Weeks 1, 8 and 13. 
Mortality: Daily. 
Clinical signs: Daily.   
Body weights: Prior to initiation of treatment, weekly and at termination.  
Food consumption: From the amount of food consumed over a 4-day measurement, the 
daily amount consumed was determined. Food consumption was measured weekly 
beginning 1 week prior to dosing.  
Ophthalmoscopy: No data reported.  
Hematology and Clinical Chemistry: Termination. 
Urinalysis: No data reported.  
Toxicokinetics: Days 1 and 90. Blood samples (3 animals /time point) were taken from at 
predose, 0.5, 1, 2, 4, 8 and 24 h post dose. The mice were sacrificed after removing the 
blood sample.  The plasma were analyzed for VX-770, and the 2 major metabolites M1 
(hydroxyl-VX-770) and M6 (VX-770- carboxylate) were determined. 
 Necropsy: All groups were examined macroscopically at termination. Gross examination 
was made of external surfaces and all orifices, the external surfaces of the brain and 
spinal chord, the organs and tissues of the cranial, thoracic, abdominal and pelvic cavities 
and neck, and detailed internal examination.  Included were the toxicokinetics animals. 
 
Organ weight: No data reported. 
 
Histopathology:  Tissues examined microscopically and preserved are listed in the 
following tables excerpted from the submission. Examination was made of the C and 
VHD groups, unscheduled deaths in the LD, MD and HD and any abnormalities seen 
during the macroscopic examination.  
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                 Adequate Battery:   yes (X), no (  )—explain   
  Peer review:   yes (), no (X) 
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Results 
 
Analysis of Formulation:  Weeks 1, 8 and 13: 95.4 to 114.7% of nominal concentration.  
 
Mortality:  The results are presented in the following table excerpted from the 
submission. Treatment related deaths or mice that were sacrificed in a moribund 
condition occurred between days 13 and 89. The following number of deaths occurred; in 
males, there were 2 at the LD, 1 at the MD, 3 at the HD and 11 at the VHD, and in 
females there were 4 at the HD and 11 at the VHD. Some of these animals   showed 
abdominal and gastrointestinal distension. Deaths not due to treatment occurred in 1 
female LD mouse (procedure related and no description was stated) and 1 female VHD 
(gavage error). In one female at the HD, death was attributed to chronic nephropathy; this 
was not considered treatment related since this was not observed at the VHD. The 
significance of low incidences of death for males in the LD and MD groups was unclear. 
 

 
Toxicity and Toxicokinetic animals were pooled together for assessments of mortality. 
Eighteen (18) TK animals/sex were sacrificed on day 1, so the total N for toxicity and 
toxicokinetic animal pooled together should be 28/sex/group. 
 
Clinical Signs:  
 
The results are summarized in the following table. Adverse effects were dermal ulcers 
(VHD males), dyspnea (HD and VHD males; VHD females), moist rales (males, all 
doses males; HD and VHD females) and abdominal distension VHD males and females).  
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% Change from Control, P<0.05 

Male Female 
Parameter 

HD VHD HD VHD 
ALKP 
ALT 
Glucose 
Cholesterol 

NC 
+69 
NC 
NC 

 NC 
+159 
-20 
-24 

NC 
NC 
NC 
-28 

+38 
+197NCa 

NC 
-27 

 
NC, No significant change from the control group.  
a Mean ±SD: C, 35± 8.3; VHD, 104± 133.5 
 
 Toxicokinetics: The results are presented in the following table excerpted from the 
submission. There was no gender difference and no accumulation of the parent 
compound. However, in females at the 90-day reading there was accumulation of the M1 
and M6 metabolites at the MD, HD and VHD. The AUCs of the two metabolites at these 
3 doses were greater than the corresponding AUCs in males.  
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Necropsy 
 
Macroscopy:  
 
Scheduled sacrificed animals: No abnormal findings. 
 
Unscheduled sacrificed animals: The gross findings in the terminal toxicity and 
toxicokinetics groups are presented in the following tables. Distention of the cecum, 
duodenum, ileum, jejunum and stomach indicated gastroenterology toxicity.  
 
Toxicity Group 
 

Incidence 
Male Female 

Organ
Pathology 

C LD MD HD VHD C LD MD HD VHD
Cecum 
  Distended 
Duodenum 
  Distended 
Ileum 
  Distended 
Jejunum 
  Distended 
Stomach 
  Distended 

 
0/0 
 
0/0 
 
0/0 
 
0/0 
 
0/0 

 
1/1 
 
1/1 
 
1/1 
 
1/1 
 
1/1 

 
0/0 
 
0/0 
 
0/0 
 
0/0 
 
0/0 

 
1/1 
 
0/1 
 
1/1 
 
1/1 
 
1/1 

 
1/2 
 
1/2 
 
2/2 
 
2/2 
 
2/2 

 
0/1 
 
0/1 
 
0/1 
 
0/1 
 
0/1 

 
0/1 
 
0/1 
 
0/1 
 
0/1 
 
0/1 

 
0/0 
 
0/0 
 
0/0 
 
0/0 
 
0/0 

 
1/3 
 
1/3 
 
1/3 
 
1/3 
 
1/3 

 
3/5 
 
5/5 
 
4/5 
 
4/5 
 
5/5 

 
Toxicokinetic Group 
 

Incidence 
Male Female 

Organ 
Pathology 

C LD MD HD VHD C LD MD HD VHD 
Cecum 
  Distended 
Duodenum 
  Distended 
Ileum 
  Distended 
Jejunum 
  Distended 
Stomach 
  Distended 

 
0/1 
 
0/1 
 
0/1 
 
0/1 
 
0/1 

 
1/1 
 
1/1 
 
1/1 
 
1/1 
 
1/1 

 
0/1 
 
1/1 
 
1/1 
 
1/1 
 
1/1 

 
1/2 
 
1/2 
 
1/2 
 
1/2 
 
1/2 

 
4/9 
 
5/9 
 
6/9 
 
6/9 
 
7/9 

 
0/1 
 
0/1 
 
0/1 
 
0/1 
 
0/1 

 
0/0 
 
0/0 
 
0/0 
 
0/0 
 
0/0 

 
0/0 
 
0/0 
 
0/0 
 
0/0 
 
0/0 

 
1/2 
 
1/2 
 
1/2 
 
1/2 
 
1/2 

 
2/7 
 
4/7 
 
3/7 
 
4/7 
 
3/7 

 
Histopathology: 
 
Scheduled sacrificed animals:  
 
Minimal hepatic focal necrosis:  
Male, C, 0/10; VHD, 1/8; female, C, 0/9; VHD, 1/5.         
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Unscheduled sacrificed animals: 
 
Microscopic findings and their severity based on a score of 0-4 in unscheduled deaths are 
summarized in the following table. This treatment related histopathology involved the 
pancreas, salivary glands, spleen, thymus, liver and ovaries. There was no histopathology 
associated with the gastrointestinal gross findings. The gastrointestinal toxicity may have 
contributed to the deaths of these animals. 
 
 

Incidence and Mean Severity Score (1-5) 
Male Female 

Organ
Observation

C LD MD HD VHD C LD MD HD VHD
Liver 
 Inflammatory     
   Foci 
Severity Score 
Focal Necrosis 
Severity Score 
 
Pancreas 
 Dec. Acinar 
  Secretion 
Severity Score 
 
Salivary Glands 
  Acinar cell 
    Hypertrophy 
Severity Score 
 
Spleen 
  Lymphoid 
     Depletion 
Severity Score 
 
Ovaries 
 Dec. Corpora  
   Lutea 

 
 

0/0 
0 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

 

 
 

0/1 
0 

0/1 
0 
 
 
 

1/1 
3.0 

 
 
 

0/1 
0 
 
 
 

1/1 
2.0 

 
 
 

 

 
 

0/0 
0 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

 

 
 

0/1 
0 

0/1 
0 
 
 
 

1/1 
2.0 

 
 
 

0/1 
2.0 

 
 
 

1/1 
2.0 

 
 
 

 

 
 

0 /2 
0 

1/2 
1.0 

 
 
 

2/2 
4.0 

 
 
 

0/2 
0 
 
 
 

2/2 
3.0 

 
 
 
 

 

 
 

0/1 
0 

0/1 
0 
 
 
 

0/1 
0 
 
 
 

0/1 
0 
 
 
 

0/1 
0 
 
 
 

0/1 

 
 

0/1 
0 

0/1 
0 
 
 
 

0/1 
0 
 
 
 

0/1 
0 
 
 
 

1/1 
2.0 

 
 
 

0/1 

 
 

0/0 
0 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 
0 
 
 
 

0/0 

 
 

1/3 
1.0 
1/3 
1.0 

 
 
 

1/3 
4.0 

 
 
 

1/3 
2.0 

 
 
 

3/3 
2.7 

 
 
 

1/3 

 
 

1/5 
1.0 
0/5 
0 
 
 
 

4/5 
2.2 

 
 
 

3/5 
1.33 

 
 
 

4/5 
2.2 

 
 
 

4/5 

2.6.6.9 OVERALL SUMMARY AND RECOMMENDATIONS 
 
Summary 
 
This was a special request for an assessment of a mouse carcinogenicity protocol for  
VX-770 based on a 13-week inhalation toxicity study in mice. The oral doses were 100  
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            (LD), 300 (MD), 600 (HD) and 1000 (VHD) mg/kg.  Apparent treatment-related deaths 
for mice that were found dead or sacrificed in a moribund condition occurred between 
day 13 and day 89. In males, there were 2 of 28 at the LD, 1 of 28 at the MD, 3 of 28 at 
the HD and 11 of 28 at the VHD, and in females there were 4 of 28 at the HD and 11 of 
28 at the VHD. There were deaths that were not treatment related. The clinical signs were 
dermal ulcers (males) respiratory effects (both sexes) and abdominal distension (both 
sexes). In the hematological findings, females showed increased white blood cells, 
neutrophils, lymphocytes and, monocytes and large unstained cell; there was an 
increasing trend in the response of the white blood cells, lymphocytes and monocytes. In 
the clinical chemistry findings, in males, there was an increasing trend in the ALT 
response and a decreasing trend with cholesterol and glucose levels. In females, there was 
an increasing trend in the ALT and ALKP response and a decreasing trend with 
cholesterol. Significance was not observed with the ALT response. The cholesterol 
response was similar at the HD and VHD indicating a flat dose response relationship. The 
pharmacokinetics indicated that the females showed higher AUCs of the two metabolites, 
M1 (hydroxyl-VX-770) and M6 (carboxylic-VX-770) than males indicating greater 
metabolism, and in the 90-day analysis in females, there was accumulation of both 
metabolites. In humans, VX-770 was also metabolized to these 2 metabolites. In the 
terminal animals, there was hepatic focal liver necrosis in one male and female at the 
(VHD). In unscheduled deaths, mice showed bloated abdomens and distended organs of 
the gastrointestinal system in which there was no associated histopathology. However, 
this may have contributed to their deaths.  In these animals, organs showing 
histopathology were the liver, pancreas, salivary glands, spleen, thymus, liver and 
ovaries. The oral NOAEL was < 100 mg/kg in males and 300 mg/kg in females. The oral 
MTD was identified as 300 mg/kg in females; the significance of low incidences of death 
for males in the LD and MD groups was unclear. The sponsor concluded that the MTD 
was 300 mg/kg for both sexes based on the excessive mortality at the HD and VHD.

RECOMMENDATION 
 
The proposed oral doses of VX-770 for the 102-week carcinogenicity assay in mice are 
37.5, 75, 150 and 300 mg/kg. This reviewer recommends 25, 50, 100, and 300 mg/kg, 
orally for males and females pending concurrence by the ExecCAC. 
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2.6 PHARMACOLOGY / TOXICOLOGY REVIEW 

2.6.1 INTRODUCTION AND DRUG HISTORY

IND number: 74,633  
Sequence number/dates/type of submission: Ser. 60,63 ; 11/13/ 08, Special 
Carcinogenicity Protocol Assessment in rats; Clinical Protocol, 12/15/ 08.  
Information to sponsor: Yes ( ) No (X) 
Sponsor and/or agent: Vertex Pharmaceuticals Inc. 

Reviewer name: Lawrence F. Sancilio, Ph.D.    
Division name: Division of Pulmonary and Allergy Products    
HFD #: 570  
Review completion date: 1/16 /09    

Drug:  
 Trade name:  N/A 
 Generic name:  N/A 
 Code name:  VX-770 (VRT-813077)   

Chemical name:  N-(2, 4-Di-tert-butyl-5-hydroxyphenyl)-1, 4-dihydro-4-
oxoquinoline-3-carboxamide 

 CAS registry number:  N/A 
 Molecular formula/molecular weight: C24H28N2O3/392.49
 Structure: 

Drug class: Potentiator of the cystic fibrosis transmembrane conductance regulator 
(CTFR) chloride channel. 

Intended clinical population: Cystic fibrosis.    

Clinical formulation: Solution containing 94-97.5% PEG 400 (approximately 20 g/dose) 
and polyvinylpyrolidone (PVP K30). 

Route of administration: oral.

Disclaimer:  Tabular and graphical information are constructed by the reviewer unless 
cited otherwise.
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Introduction and Drug History 

This is a special request for an assessment of a rat carcinogenicity protocol for VX-770 
based on a 6-month oral toxicity study in rats and for preclinical support for a 12-month 
clinical trial in cystic fibrosis patients. 

Proposed clinical trial: The sponsor submitted a Special Protocol Assessment for a Phase 
3 clinical dose of 150 mg BID that would be administered for a total of 72 (24+48) 
weeks.

2.6.6 TOXICOLOGY 

2.6.6.1 Overall toxicology Summary 

In the 6-month oral toxicity study in rats, the doses were 50 (LD), 100 (MD) and 150  
(HD) mg/kg. VX-770 was lethal for MD males and HD males and females. The cause of 
death due to VX-770 was not identified. Decreased body weight gained and decreased 
body weight occurred at all  doses in males and at the MD and HD in females  although 
decreased absolute body weights for LD and MD males and MD and HD females 
appeared to have minimal toxicological significance. Observed increases of BUN, 
creatinine, phosphate, and magnesium may correlate with histopathological findings of 
test article-induced exacerbation of chronic progressive nephropathy. Changes of 
urinalysis parameters might also correlate with histopathological findings of test article-
induced exacerbation of chronic progressive nephropathy. There was recovery from these 
effects. In the pharmacokinetics, the AUCs were dose related and not dose proportional 
and accumulation occurred. The major metabolites were M1 And M6; the AUCs of the 
M1 metabolite was approximately 3 times higher than the AUCs of M6. Males showed 
higher levels of both metabolites indicating greater metabolism than females. 
Histologically, in addition to the chronic progressive nephropathy, there was 
cardiomyopathy and coronary medial degeneration. Both of these histopathological 
findings are commonly observed in aging rats (Ruben, Z et al., Guides for Toxicologic 
Pathology, STP/ARP/AFIP, 2000). With cardiomyopathy, there were no increased 
incidences in males, while in females the incidence was increased at the MD and HD 
indicating that VX-770 exacerbated this effect. In the MD and HD of both sexes, there 
was a dose related increase in the incidence of coronary medial degeneration indicating 
that VX-770 also exacerbated this effect. Findings of chronic progressive nephropathy 
probably have little relevance to humans and the oral NOAEL was identified as 50 mg/kg 
(LD).  The oral MTD was 50 mg/kg in males and females based upon treatment-related 
deaths for  MD and HD males and HD females and increased incidences of 
histopathological findings in the heart  at higher doses. Increased incidences of chronic 
progressive nephropathy were observed for MD and HD males and all female treatment 
groups although there were no apparent treatment-related deaths for LD and MD females.  
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Repeat-Dose Toxicity  

Study title: 6-Month oral toxicity study in rats with a 28-day recovery period  

Key findings:

• The oral  doses were 50 (LD), 100 (MD) and 150 (HD) mg/kg. 
• Treatment related deaths occurred at the MD and HD. 
• Decreased body weight and decreased body weight gained occurred at all doses in 

males and at the MD and HD in females although decreased absolute body 
weights for LD and MD males and MD and HD females appeared to have 
minimal toxicological significance. There was full recovery. 

• Observed increases of BUN, creatinine, phosphate, and magnesium may correlate 
with histopathological findings of test article-induced exacerbation of chronic 
progressive nephropathy.. 

•  Changes of urinalysis parameters might also correlate with histopathological 
findings of test article-induced exacerbation of chronic progressive nephropathy. 
There was recovery from these effects. 

• The AUCs for VX-770 were dose related and not dose proportional, and 
accumulation occurred. In males, VX-770 was metabolized mainly to the M1 and 
M6 metabolites. 

• Histopathological findings were observed in the heart and kidneys for both 
control and drug-treated rats Histologically, in addition to the chronic progressive 
nephropathy, there was cardiomyopathy and coronary medial degeneration. Both 
of these histopathological findings are commonly observed in aging rats (Ruben, 
Z et al., Guides for Toxicologic Pathology, STP/ARP/AFIP, 2000). With 
cardiomyopathy, there were no increased incidences in males, while in females 
the incidence was increased at the MD and HD indicating that VX-770 
exacerbated this effect. In the MD and HD of both sexes, there was a dose related 
increase in the incidence of coronary medial degeneration indicating that VX-770 
also exacerbated this effect. Increased incidences of chronic progressive 
nephropathy were observed for MD and HD males and all female treatment 
groups although there were no apparent treatment-related deaths for LD and MD 
females. Findings of chronic progressive nephropathy probably have little 
relevance to humans and the oral NOAEL was identified as 50 mg/kg (LD).  The 
oral MTD was 50 mg/kg in males and females based upon treatment-related 
deaths for MD and HD males and HD females and increased incidences of 
histopathological findings in the heart  at higher doses.    

Study no: 06-2028
Volume # and page #: EDR. 
Conducting laboratory and location:   
Date of study initiation: 8/3/07 
GLP compliance: Yes. 
QA report: yes (X)  
Drug, lot #, and % purity: Lot no. and purity data were not provided. 
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Control vehicle, Formulation/Vehicle:  0.5%Methylcellulose with 0.5% sodium lauryl 
sulfate and 0.01% simethicone in water. 

Method
Doses: 0, 50 (LD), 100 (MD) and 150 HD) mg/kg  
Justification of doses: In a 3-month oral toxicity in rats deaths were seen at 200 and 400  
mg/kg, and no adverse effects were observed at 100 mg/kg.  
Species/strain: Charles River Sprague-Dawley Crl: CD (SD) IGS BR rats.  
#/Sex/group: 20 (Main Group): toxicokinetics group; 9; 28-day recovery groups, 4/5. 
Age: 7 Weeks.  
Weight: M, 194-253g; F, 133-205 g. 
Route: Oral by gavage, 5 g/kg. 

Observations:

Analysis of Formulation: Days 1, 90 and 181. 
Mortality: Daily. 
Clinical signs: Daily.   
Body weights: Prior to initiation of treatment, weekly and at termination.  
Food consumption: Weekly, beginning 1 week prior to dosing.  
Ophthalmoscopy: Prior to initiation of treatment, at termination and at the end of the 28-
day recovery period.  
Hematology, Clinical Chemistry and Urinalysis: At termination and at the end of the 
recovery period.  
Toxicokinetics:  Blood samples (3 animals /time point) were taken on day 1 and a t the 
end of 3 and 6 months at 0.5 hr (only on day 1) 1, 2, 4,  8 and 24 hrs. Plasma was 
analyzed for the parent (VX-770) and the two major metabolites, M1 (hydroxyl-VX-770) 
and M6 (VX-770 carboxylate).  
Necropsy: All animals were examined macroscopically at termination, at the end of the 
recovery period and at the time of the unscheduled deaths. The examination involved 
external surfaces of the brain and spinal chord, the organs and tissues of the cranial, 
thoracic, abdominal and pelvic cavities and a detailed internal examination.  
Note: Blood was also collected to assay for biomarkers; hearts and liver sections were 
frozen and stored for future analysis. 
Organs weighed and tissues of the C and HD examined at necropsy are presented in the 
following tables excerpted from the submission.  Histology was also conducted on 
animals showing abnormalities during macroscopic examination.  
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  Adequate Battery:   yes (X), no (  )—explain   
  Peer review:   yes (), no (X) 
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Results 

Analysis of Formulation: Range of percent of target concentrations:   

Mortality:  The results are presented in the following table excerpted from the 
submission. VX-770 was lethal for MD males and HD males and females; the cause of 
death was not identified. Gavage errors resulting in deaths occurred in 1 control female, 1 
LD male   and 1 male and 1 female MD. One control male was a humane euthanasia. One 
LD female and 1 MD female died, and relationships of deaths to treatment were 
uncertain. Deaths occurred between days 28 and 181. 

Histopathological findings for unscheduled deaths are shown in the table below. There 
were high incidences of cardiac myopathy, chronic progressive nephropathy, lung 
congestion, and thymus hemorrhage for MD and HD males and HD females. There were 
high incidences of adrenal congestion, spleen lymphoid cell depletion/atrophy, and 
thymus lymphoid depletion for HD males and females.  

Reference ID: 3072943

(b) (4)



Reviewer: L. F. Sancilio, Ph.D.                                                                                                       IND 74,633

7

Incidence 
Male Female 

Organ/Observation

C LD MD HD C LD MD HD 
Adrenals
  Congestion 
Heart 
  Cardiac Myopathy 
  Medial  Degeneration of the  
   Intramural Coronary Vessels 
Kidneys 
  Chronic Progressive     
    Nephropathy 
Lungs 
  Congestion 
  Alveoli Histiocytosis 
Mediastinal Lymph Node 
  Golden Brown Pigment 
    Intrahistiocytic 
Spleen 
   Lymphoid Cell Depletion/ 
     Atrophy 
 Thymus 
   Hemorrhage 
   Lymphoid Depletion 

0/1

0/1

0/1

0/1

0/1
0/1

0/1

0/1

0/1
0/1

0/1

0/1

0/1

0/1

1/1
0/1

0/1

0/1

0/1
0/1

0/4

3/4

0/4

4/4

3/4
1/4

1/4

0/4

4/4
1/4

2/8

6/8

1/8

5/8

4/8
1/8

3/8

3/8

5/8
3/8

1/1

1/1

0/1

0/1

0/1
0/1

0/1

1/1

0/1
1/1

0/1

0/1

0/1

0/1

0/1
0/1

0/1

0/1

1/1
0/1

0/2

0/2

1/2

1/2

1/2
0/2

0/2

0/2

1/2
1/2

3/6

5/6

3/6

2/6

3/6
1/6

5/6

2/6

3/6
3/6

Clinical Signs: Females; HD, moist rales,  5/20; dry rales, 7/20.  
                        Recovery period: moist rales, 0/5; dry rales, 5/5.  

Body weight Gained: The results are summarized in the following table.  Decreased 
absolute body weights for LD and MD males and MD and HD females appeared to have 
minimal toxicological significance. At the end of the recovery period, in both sexes, there 
was complete recovery. 

% Change from Control, P<0.05 
Male Female Parameter 

LD MD HD LD MD HD 
Body Weight Change 
Body Weight 

-17
-12

-18
-13

-22
-16

0
0

-15
-10

-20
-11

The growth curves are shown in the following figures excerpted from the submission. 
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Food consumption:  Females: HD, +11%;   
                                Recovery period, +24% 

Ophthalmoscopy: No difference between the control and treated groups.   

Hematology: The results are summarized in the following table. Males were more 
affected than females. There was full recovery at the end of the recovery period. 

% Change from Control, P<0.05 (Day 180) 
Male Female Parameter 

LD MD HD LD MD HD 
Reticulocytes 109/μL 
WBC 
Lymphocytes 
Monocytes 
Large Unstained cells 

-22
-17
-20
-22
-27

-28
-28
-31
-35
-27

-30
-35
-40
-49
-45

NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

NS, Not significant (p >0.5) from the Control group. 

Clinical Chemistry: Observed increases of BUN, creatinine, phosphate, and magnesium 
may correlate with histopathological findings of test article-induced exacerbation of 
chronic progressive nephropathy. At the end of the recovery period, males showed only a 
partial recovery as at the HD as there was still a 25% increase in BUN levels. Females 
showed complete recovery. 

Reference ID: 3072943
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% Change from Control, P<0.05  (Day180) 
Male Female Parameter 

LD MD HD LD MD HD 
ALT 
BUN
Cholesterol 
Triglycerides 
Phosphate
Magnesium 
Total Protein 
Creatinine 
Total Bilirubin 

NS 
+18
-24
-55
NS 
NS 
NS 
NS 
NS 

+38
+72
-27
-56
+7

+10
NS 
NS 
NS 

+58
+100
-25
-59
+13
+15
+3
NS 
NS 

NS 
NS 
NS 
NS 
+14
+6
+5
NS 
NS 

NS 
+40
NS 
NS 
+26
+11
+5
NS 
+28

+38
+53
NS 
NS 
+40

     +9 
+12
+25
+22

NS, No significant difference from control. 

Urinalysis: The results are summarized in the following table excerpted from the 
submission . There was a diuretic effect as there was an increase in urinary volume and a 
decrease in the specific gravity resulting in an increase in creatinine and an 
increase/decrease  in the concentrations of the electrolytes. The diuretic effect was 
manifested by  changes in the electrolyte/creatinine ratios. These changes of urinalysis 
parameters might correlate with histopathological findings of test article-induced 
exacerbation of chronic progressive nephropathy. There was recovery from these effects. 

Toxicokinetics: The results are summarized in the following tables excerpted from the 
submission. In both sexes, the AUCs of the parent drug and metabolites were dose related 
and not dose proportional and accumulation occurred upon repeated administration. 
Exposure to the parent drug was higher in females as compared to males. In contrast, 
exposures to metabolites were higher in males as compared to females. The AUCs of the 
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metabolite M1 (VRT-837018, hyrdoxymethyl VX-770) was approximately 3 times 
higher than the AUCs of the M6 metabolite (VRT-8491, carboxy-VX-770).  
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Necropsy 

Organ weights: The results are summarized in the following table.  In males at all oral 
doses, both absolute and relative brain weights of the spleen were decreased which was 
not dose related. At the HD in females, there was a slight increase in the absolute and 
brain relative weights of the liver. In both sexes, there was complete recovery. 

% Change from Control, P<0.05  (Day 91) 
Male Female 

   
Organ

Absolute and 
Relative Brain Wt. 

LD MD HD LD MD HD 

 Spleen 
  Absolute 
  Relative 
Liver 
  Absolute 
  Relative 

-19
-19

NS 
NS 

-20
-20

NS 
NS 

-21
-20

NS 
NS 

NS 
NS 

NS 
NS 

NS 
NS 

NS 
NS 

NS 
NS 

+14
+18

NS, No significant change from control. 

Macroscopy: There were no gross changes in the scheduled sacrificed animals. The 
results observed in the unscheduled sacrifices are summarized in the following table. 
Enlarged livers were seen in the HD males, and discolored thymi were seen in all doses 
in females. 

Incidence 
Male Female 

Organ/Observation

C LD MD HD C LD MD HD 
Liver 
  Enlarged 
Thymus 
  Discolored 

0/1

0/1

0/1

0/1

0/4

4/4

4/8

5/8

0/1

0/1

0/1

1/1

0/2

1/1

0/6

2/6

Histopathology  

Scheduled sacrificed group: Histopathological findings were observed in the heart and 
kidneys for both control and drug-treated rats. Incidences of cardiomyopathy were 
increased for MD and HD females as compared to the control. Incidences of coronary 
artery medial degeneration were increased for MD and HD males and females as 
compared to controls. Incidences of chronic progressive nephropathy were increased for 
MD and HD males and LD, MD, and HD females.  Incidences are shown in the following 
table excerpted from the submission. These histopathological findings in the heart and 
kidneys are commonly observed in aging rats; however, treatment with the test article 
exacerbated the incidences of these spontaneous lesions. Findings of chronic progressive 
nephropathy probably have little relevance to humans. 
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Recovery group: Histopathological findings were observed in the heart and kidneys from 
control and treatment groups. The incidence of cardiomyopathy was still increased for 
HD females as compared to the control although reversibility was evident for MD 
females. Incidences of coronary artery medial degeneration were still increased for MD 
and HD males and females as compared to controls. Incidences of chronic progressive 
nephropathy were still increased for MD and HD males and HD females as compared to 
controls although reversibility was evident for LD and MD females. Incidences of these 
findings are shown in the following table excerpted from the submission. 
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2.6.6.9 OVERALL SUMMARY AND RECOMMENDATIONS 

Summary 

This was a special request for an assessment of a rat carcinogenicity protocol for  
VX-770 based on a 26-week oral  toxicity study, and preclinical support for an oral 12-
month clinical trial of 240 mg, orally in cystic fibrosis patients. The oral doses were 50 
(LD) 100 (MD) and 150 (HD) mg/kg. VX-770 was lethal for MD males and HD males 
and females; the cause of death was not identified. Decreased body weight gained and 
decreased body weight occurred at all  doses in males and at the MD and HD in females  
although decreased absolute body weights for LD and MD males and MD and HD 
females appeared to have minimal toxicological significance. Observed increases of 
BUN, creatinine, phosphate, and magnesium may correlate with histopathological 
findings of test article-induced exacerbation of chronic progressive nephropathy. Changes 
of urinalysis parameters might also correlate with histopathological findings of test 
article-induced exacerbation of chronic progressive nephropathy. There was recovery 
from these effects. In the pharmacokinetics, the AUCs were dose related and not dose 
proportional and accumulation occurred. The major metabolites were M1 And M6; the 
AUCs of the M1 metabolite was approximately 3 times higher than the AUCs of M6. 
Males showed higher levels of both metabolites indicating greater metabolism than 
females. Histologically, in addition to the chronic progressive nephropathy, there was 
cardiomyopathy and coronary medial degeneration. Both of these histopathological 
findings are commonly observed in aging rats (Ruben, Z et al., Guides for Toxicologic 
Pathology, STP/ARP/AFIP, 2000). With cardiomyopathy, there were no increased 
incidences in males, while in females the incidence was increased at the MD and HD 
indicating that VX-770 exacerbated this effect. In the MD and HD of both sexes, there 
was a dose related increase in the incidence of coronary medial degeneration indicating 
that VX-770 also exacerbated this effect. Increased incidences of chronic progressive 
nephropathy were observed for MD and HD males and all female treatment groups 
although there were no apparent treatment-related deaths for LD and MD females. 
Findings of chronic progressive nephropathy probably have little relevance to humans 
and the oral NOAEL was identified as 50 mg/kg (LD).  The oral MTD was 50 mg/kg in 
males and females based upon treatment-related deaths for  MD and HD males and HD 
females and increased incidences of histopathological findings in the heart  at higher 
doses.
The sponsor submitted a Special Protocol Assessment for a Phase 3 clinical dose of 150 
mg BID that would be administered for a total of 72 (24 + 48) weeks. The following table 
presents the Safety Margin for the dose  of 150 mg BID based upon the NOAEL of 50 
mg/kg/day in the 6-month rat study. The AUC for the clinical dose of 150 mg BID was 
estimated from doses of 125 and 250 mg BID administered for 14 days. There is a large 
safety margin for the proposed dose. 
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Species Oral 
NOAEL, 

mg/kg 

AUCμg.hr/ml Safety Margin 
A/B 

Rat 50 445 
A

Human Dose 
150 mg 

BID 

 13 34 

Recommendation

• The oral  NOAEL of 50 mg/kg support the proposed Phase 3 150 mg BID dose in 
cystic fibrosis patients. However, the clinical trial may not proceed pending support from 
the results of the 12 month oral toxicity in dogs. 
• Based on the MTD, the recommended oral doses of VX-770 for the 102-week 
carcinogenicity assay in rats are 5, 15 and 50 mg  pending concurrence by the ExecCAC.    
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
IND number:  74633
Review number:  06
Sequence number/date/type of submission:   
SN068/January 09, 2009/IT 
SN069/February 10, 2009/Response to Clinical Hold 
SN070/February 26, 2009/Response to Information Request 
SN071/March 5, 2009/Response to Information Request  
Information to sponsor: Yes () No (X) 
Sponsor and/or agent:   Vertex Pharmaceuticals Incorporated 
 130 Waverly Street 
 Cambridge, MA 02139 
 
Reviewer name:  Jean Q. Wu   
Division name:  Division of Pulmonary and Allergic Products   
HFD #:  HFD-570
Review completion date:  March 12, 2009   
  
Drug:
 Trade name:  N/A 
 Generic name:  N/A 
 Code name:  VX-770 (VRT-813077)   

Chemical name:  N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-
oxoquinoline-3-carboxamide 

 CAS registry number:  N/A 
 Molecular formula/molecular weight: C24H28N2O3/392.49 
 Structure: 

   
 
Relevant INDs/NDAs/DMFs:  None 
 
Drug class:  potentiator of chloride ion transport through CFTR chloride ion channel 
 
Intended clinical population:  patients with cystic fibrosis 
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years will receive a single oral dose of 100 mg of VX-770. Part B: At least 30 CF patients 
at age of 6-11 years will receive 75 mg q12h or placebo orally q12 h for 24 weeks.  
 
Protocol VX08-770-104:  A Phase 2, Randomized, Double-Blind, Placebo-Controlled, 
Parallel-Group Study to Evaluate the Safety and Efficacy of VX-770 in Subjects with 
Cystic Fibrosis who are Homozygous for the F508del-CFTR Mutation. Approximately 
120 subjects at aged 12 years and older will receive 75 mg q12h or placebo orally q12 h 
for 16 weeks 
 
Previous clinical experience:  
Study VX06-770-001 completed: Phase 1 clinical trial with a 5-part, double-blind, 
placebo-controlled, cross-over, randomized design. Subjects received either a single dose 
or multiple doses (14-day) of VX-770 or placebo with a maximal single escalating dose 
up to 800 mg. VX-770 was well tolerated with no major or serious adverse effects. No 
major clinical laboratory abnormalities were reported. There were no clinically 
significant findings in ECG and liver function. The most common adverse event was bad 
taste, which did not differ in prevalence between treatment and placebo. Diarrhea was 
another common adverse event which was observed in healthy subjects in both treatment 
and placebo. In the multiple dose part, 5 healthy subjects developed rashes or cutaneous 
adverse events [one after 27 doses of 250 mg, one after 5 doses of 250 mg, one after 17 
doses of 125 mg, one after 20 doses (dose level was not indicated) and one at 3 days 
(dose level was not indicated) after the last study].  
 
A list of Phase 1 and 2 studies that are still in progress or completed is provided below. 
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Studies reviewed within this submission:  

Toxicology 
  
6-month Interim report for Study “VX-770: 12-Month Oral Toxicity And 
Toxicokinetic Study in Dogs with A 28-Day Recovery Period” (audited draft report) 

Studies not reviewed within this submission: None 
 
History: 
 
On December 12, 2008, Vertex submitted two phase 3 clinical studies to be reviewed 
under a special protocol assessment (SPA) entitled VX08-770-102 (adults and 
adolescents  12 years) and VX-08-770-103 (children 6-11 years) in which subjects 
would receive VX-770 doses of 150 and 100 mg q 12 hours, respectively, for a total 
treatment period of 48 weeks.  In addition as part of the SPA, the Sponsor also submitted 
a protocol concept sheet for study VX08-770-104 that had dosing duration of 16 weeks 
followed by an extension period. A 6-month rat toxicology study submitted by the 
Sponsor was under review. However, the Sponsor did not submit the 12-month dog 
toxicology study report to support a chronic dosing regimen for VX-770. The preclinical 
data was not adequate to supported clinical trials longer than duration of 12 weeks of 
dosing. On January 6, 2009, Division spoke with the Sponsor by teleconference to notify 
the Sponsor about the lack of adequate supporting nonclinical toxicology data and placed 
studies VX08-770-102 and 103 on clinical hold. In order to remove the clinical hold, the 
Sponsor must submit for review nonclinical data from the dog toxicology study of a 
duration that is equal to or exceeds the duration of the proposed clinical studies up to the 
maximum recommended duration of the repeated dose toxicity studies. The proposed 
clinical doses will be evaluated based on reviews of toxicology studies of sufficient 
duration with rats and dogs and should be supported by NOAELs identified in these 
studies with appropriate safety margins.    

Reference ID: 3072943



 
 
 

5  

 
TABLE OF CONTENTS 

2.6  PHARMACOLOGY/TOXICOLOGY REVIEW................................................... 1 

2.6.1 INTRODUCTION AND DRUG HISTORY................................................................... 1 

2.6.6 TOXICOLOGY................................................................................................................. 6 
2.6.6.3 Repeat-dose toxicity ............................................................................................................... 6 

2.6.7 TOXICOLOGY TABULATED SUMMARYERROR! BOOKMARK NOT DEFINED. 

OVERALL CONCLUSIONS AND RECOMMENDATIONS............................................... 13 

Reference ID: 3072943







Reviewer: Jean Q. Wu              IND No. 74633 
 
 

 8 
 

smear preparations were air dried and fixed in absolute methanol. The tissues were 
processed and stained with hemotoxylin/eosin and examined by light microscopy. 
  Adequate Battery:   yes ( x ),  no (  )—explain   
  Peer review:   yes (  ),  no ( x ) 
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Toxicokinetics: Samples (approximately 1.0 mL) were taken from all animals on Day 1, 
at 0.5, 1, 2, 4, 8, 12 and 24 hours post dose; at the end of Month 3 and Month 6, at 
predose, and at 1, 2, 4, 8, 12 and 24 hours postdose. Plasma was analyzed for the parent 
(VX-770) and the two major metabolites, M1 (hydroxyl-VX-770) and M6 (VX-770 
carboxylate).  
 
Results:
Dose Analysis: Dose concentrations were in the range of 90% - 111% of the nominal 
concentrations and were acceptable.  
 
A labeling error occurred between the control and mid-dose groups, resulting in the 
control animals receiving test article 30 mg/kg on Day 175 (not stated if the mid-dose 
animals missed one dose of test article treatment) when the Month 6 TK samples were 
taken. An additional Month 6 TK analysis was performed on Day 178 as well as Month 7 
due to this error. Since no evident histopathological findings in the treated animals or 
unusual observations in the control animals were observed, the single dose of test article 
in the control group was not considered to have significant impact on the data 
interpretation. It would be acceptable to use the PK data at the end of Month 7 for 6-
month exposure assessment.    
  
Mortality:  No test article-related mortality was observed. Two males were euthanized 
prior to the 6-month necropsy due to gavage errors (histopathological exams of these two 
animals were included) 
 
Clinical signs:  A treatment-related increase in incidence/occurrence of abnormal stools 
(unformed, watery, presence of mucus, red exudate and or apparent test article in stool) 
was observed in treated males and females. An increase in incidence/occurrence of 
vomiting (with or without food/test article) was observed primarily in the 60 mg/kg males 
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and  30 mg/kg females. The similar findings were observed in the previous 14-day and 
3-month dog studies in which same dose levels were tested. These findings were 
considered clinically monitorable. 
 
Body weights:  There were no significant test article-related effects on body weight and 
body weight gains. 
 
Food consumption:  There were no test article-related effects on food consumption. 
 
Ophthalmoscopy:  There was no indication of test article-related ocular findings. 
 
EKG:  The incidences of the 2nd-degree AV block (2º AVB) and supraventricular 
premature complex (SVPC) were listed in the table below (excerpted from page 40 of the 
report). The 2º AVB observed in one low dose female and one high dose female was in 
low frequency and not observed in the Month 6 time interval. It was considered a 
spontaneous finding in the beagle dog and was not related to the test article treatment. 
The SVPC was also a common spontaneous finding in beagle dogs. However, the 
frequency of SVPC in one female (No. 4646f) at 60 mg/kg dose level was high and 
incidences were consistently observed in both Month 3 and Month 6 intervals. Hence, its 
relationship to the test article treatment could not be excluded though there were no 
associated biochemical changes or histopathological lesions observed. Considering the 
SVPC can be monitored clinically, it is not considered a dose limiting toxicity finding. 
The other SVPC findings were not considered significant test article-related adverse 
effects as they were in low frequency and/or not observed in the Month 6 time interval. 
The observation of a single occurrence of ventricular premature complex (VPC) in one 
30 mg/kg female was observed in the previous 3-month dog study, which was not 
considered a test article-related toxicity. There were no other test article-related effects on 
the evaluated parameters including heart rate, PR, QRS, RR, QT, and P wave intervals of 
the ECG.  

 
 
Hematology:  There were no test article related effects on measured hematology and 
coagulation parameters.  
 
Clinical chemistry:  There were no significant test article-related adverse effects on the 
measured clinical chemistry parameters. The statistically significant changes in some 
parameters as listed in the table below (excerpted from page 41 of the report) were in 
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small magnitude or inconsistent between time intervals, hence, were not considered 
toxicologically significant.  
 

 
 
Urinalysis:  There were no evident test article-related effects shown in urinalysis 
evaluation.  
 
Gross pathology: There were no significant test article-related findings in gross pathology 
evaluation. 
 
Organ weights:  There were no significant test article-related effects on organ weights. 
 
Histopathology:  
There were no adverse histopathological findings attributed to administration of test 
article. The findings listed below (including two males euthanized prior to necropsy due 
to gavage errors) and others were not considered toxicologically significant since they 
were in low incidence/severity, not observed in recovery animals, not observed in the 
opposite gender, lack of dose-dependent pattern, and/or similar to the incidence/severity 
in control animals.  
Findings 
 

Males  Females 

Actual Achieved Dose (mg/kg/day) Ctl. 15 30 
 

60 Ctl. 15 30 
 

60 

Main 4 4 4 4 4 4 4 4 Number of animals  

Rec 0 0 0 2 0 0 0 2 
Main 0 a1(1) a1(1) a1(1) 0 0 a1(1) 0 Ileocecal Junct, Congestion 

and/or hemorrhage Rec - - - 0 - - - 0 
Main 0 0 0 0 0 0 1(1) 0 Heart: subacute /chronic 

inflammatory cell infiltrate Rec - - - 0 - - - 0 
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Main 0 0 0 0 0 0 0 1(3)Spleen , decreased 
lymphocytes and/or germinal 
centres 

Rec - - - 0 - - - 1(2)

Main 0 b1(2) 0 1(1) 
b1(4) 

0 0 0 0 Trachea:epithelial erosion 

Rec - - - 0 - - - 0 
Main 0 b1(1) 1(1) b1(1) 

1(2) 
0 0 0 0 Trachea: subacute/chronic 

inflammatory cell infiltrates 
Rec - - - 1(1) - - - 0 
Main 0 0 0 1(1) 0 1(1) 0 1(0) Cecum: congestion 
Rec - - - 0 - - - 0 

The number in the parentheses indicates the level of severity: 1=minimal, 2= mild/slight, 3= moderate.   
 Ctl.= control, Rec. = recovery; a. only one with lesion was examined; b. the males were euthanized prior to 
the necropsy due to gavage errors. 
    
Toxicokinetics:  The TK parameters were summarized in the table below for VX-770 and 
its two metabolites. Increases of Cmax and AUC values for VX-770 and its metabolites 
with elevating doses were not always evident. Exposure to VX-770 in dogs was 
significantly greater than exposures to the two metabolites. 
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Summary:   
 
In the 6-month rat study (VX770-010) reviewed by Dr. Lawrence Sancilio dated January 
16, 2009, test article-related mortality was observed at oral dose of 100 mg/kg/day and 
above (excluding the gavage error-related death, the unscheduled deaths in main and TK 
groups are: 1M in control, 1F in LD, 5M/2F in MD and 11M/9F in HD). The cause of the 
death was undetermined. Increased incidences of chronic progressive nephropathy were 
observed in the 100 and 200 mg/kg dose males and all treated females. However, chronic 
progressive nephropathy may have little relevance to human. Increased incidences of 
cardiomyopathy and coronary medial degeneration were observed in the 100 and 200 
mg/kg dose animals, indicating a test article-related exacerbation of these effects though 
these findings, along with chronic progressive nephropathy, were commonly observed in 
aging rats (Ruben, Z et al., Guides for Toxicologic Pathology, STP/ARP/AFIP, 2000). 
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The NOAEL was identified as 50 mg/kg. The exposures (AUC0-24hr) for VX-770, 
metabolites M1 and M6 were reported and the values were used in the safety factor 
calculation table below. 
 
In current submission, the 6-month interim data of the 12-month dog study showed an 
increase in incidence/occurrence of abnormal stool in treated animals and vomiting in the 
30 and 60 mg/kg dose groups. Higher frequency of SVPC in one female at dose of 60 
mg/kg was observed and the relationship to the test article-treatment could not be 
excluded. The GI reactions and SVPC were considered clinically monitorible. Though 
the NOAEL was identified at 30 mg/kg (mid-dose), the LOAEL at 60 mg/kg (high dose) 
is acceptable for safety factor estimation given that findings at this dose were judged to 
be monitorable in a clinical setting.  
  
The metabolites, M1 and M6, were identified as major matabolites in human as they were 
present at greater than 10% of the total systemic exposure. In the response to Agency 
information request, the sponsor provided the exposure estimation of the major 
metabolites M1 and M6 (shown below, excerpted from page 1 of the response dated 
March 5, 2009) for the highest proposed dosing regimen of 150 mg q12h in the clinical 
protocols (VX08-770-102 and VX08-770-103). The estimation was based on the mean 
human plasma exposures of M1 and M6 evaluated in Study VX08-770-007 following a 
single oral dose of 150 mg VX-770 in healthy male subjects under fed condition.  
 

 
 
The safety margins derived from the AUC comparisons based on submitted preliminary 
human exposure, and the exposures at the NOAEL/LOAEL in the 6-month rat and 6-
month interim dog studies. 

   AUC0-24hr (μg.hr/mL) Safety Factor 

 Study  Sex parent M1 M6 parent M1 M6 

M 445 131 38.9 34 1.8 1.5 
F 561 75.2 14.7 43 1.0 0.6 1Rat, 6-month  

 NOAEL, 50 mg/kg M/F 503 103 27 38 1.4 1.0 
2Dog, 6-month M 157 12.6 12.1 12 0.2 0.5 
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 LOAEL, 60 mg/kg F 229 15.5 13.6 17 0.2 0.5 

Estimated human AUC at 
150 mg q12h Mean 13.2 74.7 25.6   
1. AUC values were based on the study review by Dr. Lawrence Sancilio dated January 16, 2009. 
2. AUC0-24hr values on Day 216 instead of Day 180 were reported. Refer the study review for details.  
 
As shown in the table above, for the maximum dose of 150 mg q12h (300 mg/day) in the 
proposed clinical study, the safety factor for parent compound was at least 36-fold (rat) 
and 13-fold (dog) of the projected exposure of 150 mg q12h, with respect to the 6-month 
rat and 6-month interim dog studies, respectively. The safety margins for parent 
compound in two species were considered sufficient to support the proposed doses based 
on human AUC estimation. With respect to the 6-month rat study, the safety factors for 
M1 and M6 were about 2-fold in males but were 1.0 and 0.6-fold, respectively, in 
females. Per Guidance for Industry regarding Testing of Metabolites (February 2008), if 
at least one animal test species forms the drug metabolite at adequate exposure levels 
(approximately equal to or greater than human exposure), as determined during toxicology 
testing of the parent drug, it can be assumed that the metabolite’s contribution to the overall 
toxicity assessment has been established. As the female exposure for M1 in all treated 
groups on Day 181 did not exceed the male M1 exposure at 50 mg/kg (NOAEL) and the 
female exposure for M6 in all treated groups on Day 181 did not exceed the male M6 
exposure at 50 mg/kg, it appeared that the mortality observed at the higher dose levels 
may not have a clear relationship to the metabolites.  In addition, these metabolites are 
very similar to the parent compound in structure, one is a hydroxylated metabolite and 
the other is a carboxy metabolite. Theoretically, they should be more water soluble than 
the parent and possibly have shorter half-lives. The pharmacologic activity for M1 and 
M6 was about 6-fold and 50-fold, respectively, less than the parent compound in terms of 
an efficacious potentiator of CFTR activity in airway epithelia from CF patients. The 
CDER Pharmacology/Toxicology OND office was consulted for the acceptance of the 
marginal safety factors and considered the estimated safety margin of 0.6-fold for M6 in 
females acceptable given 2-fold safety margin in males. The similarities of metabolite 
structures as compared to the parent compound added further support. 
 
It was also noted that the prediction of steady state metabolite exposure from single dose 
data may not be as straightforward as the parent compound, and the observable exposure 
of metabolites in humans should be followed in the future clinical studies.  
 
The SVPC finding in the 6-month interim dog study have been discussed with the 
medical reviewer.    

The clinical hold for the Protocols 102, 103 and Protocol Concept Sheet of 104 dated 
January 06, 2009 was due to inadequate preclinical data to support the dosing regimens in 
the proposed clinical studies. In submission dated February 10, 2009, the sponsor 
submitted the revised clinical protocols 102, 103 in which the study duration was reduced 
from the original 48 weeks to 24 weeks. Since the 6-month interim dog toxicity study 
was submitted and the data along with the previously reviewed 6-month rat study was 
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considered adequate to support the proposed dosing regimen in the proposed clinical 
studies, the clinical hold due to inadequate nonclinical toxicology data should be lifted.  
 
Recommendation: From a nonclinical standpoint, it is recommended that the clinical 
hold placed on January 06, 2009 should be lifted. The revised clinical protocols appear 
reasonably safe and should be allowed to proceed.   
 
Internal comments:  
Inform medical reviewer for the higher frequency of supraventricular premature complex 
finding in one female at 60 mg/kg dose group. Recommend incorporating corresponding 
clinical monitoring in the proposed protocol.   
 
Signatures (optional):    
 
Reviewer Signature  ___________________________________ 
 
Supervisor Signature_____________________________ Concurrence  Yes ___  No ___
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
IND number:  74633
Review number:  07
Sequence number/date/type of submission:   
SN073/e55/April 8, 2009/Non-clinical Information 
SN075/e57/April 28, 2009/Clinical information 
SN076/e58/May 5, 2009/Non-clinical Information 
Information to sponsor: Yes () No (X) 
Sponsor and/or agent:   Vertex Pharmaceuticals Incorporated 
 130 Waverly Street 
 Cambridge, MA 02139 
 
Reviewer name:  Jean Q. Wu   
Division name:  Division of Pulmonary and Allergic Products   
HFD #:  HFD-570
Review completion date:  February 26, 2010   
  
Drug:
 Trade name:  N/A 
 Generic name:  N/A 
 Code name:  VX-770 (VRT-813077)   

Chemical name:  N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-
oxoquinoline-3-carboxamide 

 CAS registry number:  N/A 
 Molecular formula/molecular weight: C24H28N2O3/392.49 
 Structure: 

   
 
Relevant INDs/NDAs/DMFs:  None 
 
Drug class:  potentiator of chloride ion transport through CFTR chloride ion channel 
 
Intended clinical population:  patients with cystic fibrosis 
 
Clinical formulation:   
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Protocol VX08-770-103, version 1.0 (February 4 2009), titled “A Phase 3, 2-Part, 
Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study to Evaluate the 
Pharmacokinetics, Efficacy and Safety of VX-770 in Subjects Aged 6 to 11 years with 
Cystic Fibrosis and the G551D Mutation.” Part A: At least 8 CF patients at age of 6-11 
years will receive a single oral dose of 100 mg of VX-770. Part B: At least 30 CF patients 
at age of 6-11 years will receive 75 mg q12h or placebo orally q12 h for 24 weeks.  
 
Previous clinical experience:  
Study VX06-770-001 completed: Phase 1 clinical trial with a 5-part, double-blind, 
placebo-controlled, cross-over, randomized design. Subjects received either a single dose 
or multiple doses (14-day) of VX-770 or placebo with a maximal single escalating dose 
up to 800 mg. VX-770 was well tolerated with no major or serious adverse effects. No 
major clinical laboratory abnormalities were reported. There were no clinically 
significant findings in ECG and liver function. The most common adverse event was bad 
taste, which did not differ in prevalence between treatment and placebo. Diarrhea was 
another common adverse event which was observed in healthy subjects in both treatment 
and placebo. In the multiple dose part, 5 healthy subjects developed rashes or cutaneous 
adverse events [one after 27 doses of 250 mg, one after 5 doses of 250 mg, one after 17 
doses of 125 mg, one after 20 doses (dose level was not indicated) and one at 3 days 
(dose level was not indicated) after the last study].  
 
A list of Phase 1 and 2 studies that are still in progress or completed is provided below. 
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Studies reviewed within this submission:  

Toxicology 
  
VX-770: 12-Month Oral Toxicity And Toxicokinetic Study in Dogs with A 6-Month 
Interim Sacrifice and A 1-Month Recovery Period  

Studies not reviewed within this submission: None 
 
History: 
 
On December 12, 2008, Vertex submitted two phase 3 clinical studies to be reviewed 
under a special protocol assessment (SPA) entitled VX08-770-102 (adults and 
adolescents  12 years) and VX-08-770-103 (children 6-11 years) in which subjects 
would receive VX-770 doses of 150 and 100 mg q 12 hours, respectively, for a total 
treatment period of 48 weeks.  In addition as part of the SPA, the Sponsor also submitted 
a protocol concept sheet for study VX08-770-104 that had dosing duration of 16 weeks 
followed by an extension period. A 6-month rat toxicology study submitted by the 
Sponsor was under review. However, the Sponsor did not submit the 12-month dog 
toxicology study report to support a chronic dosing regimen for VX-770. On January 6, 
2009, Division spoke with the Sponsor by teleconference to notify the Sponsor about the 
lack of adequate supporting nonclinical toxicology data and placed studies VX08-770-
102 and 103 on clinical hold. In submissions S068, S069, S070 and S071 (January 9, 
2009, February 10, 2009, February 26, 2009 and March 5, 2009), the sponsor submitted 
6-month interim draft report of 12-month dog study and the clinical protocols with a 
duration of 24 weeks. The submitted preclinical studies were considered adequate to 
support the proposed clinical studies and the clinical hold was lifted (letter dated March 
13, 2009). In the current submissions, the sponsor submitted the full report of 12-month 
dog study to support the amended protocols (VX08-770-102 and VX08-770-103) with a 
24-week extension period. The draft report of 12-month dog study was reviewed 
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preliminarily and considered adequate to support the proposed chronic clinical studies. A 
final study report was submitted later on May 5, 2009. As indicated by the sponsor, there 
were no substantial changes in the final report from the draft report, which would have 
impact on the previous conclusion. A full review of the 12-month dog study report is 
conducted herein. 
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Toxicokinetics: Samples (approximately 1.0 mL) were taken from all animals on Day 1, 
at predose, 0.5, 1, 2, 4, 8, 12 and 24 hours post dose; at the end of Month 3, 6, 9 and 12 at 
predose, 1, 2, 4, 8, 12 and 24 hours postdose. Plasma was analyzed for the parent (VX-
770) and the two major metabolites, M1 (hydroxyl-VX-770) and M6 (VX-770 
carboxylate).  
 
Results:
Dose Analysis: Dose concentrations were in the range of 90% - 111% of the nominal 
concentrations and were acceptable.  
 
A labeling error occurred between the control and mid-dose groups, resulting in the 
control animals receiving test article 30 mg/kg on Day 175 (not stated if the mid-dose 
animals missed one dose of test article treatment) when the Month 6 TK samples were 
taken. An additional Month 6 TK analysis was performed on Day 178 as well as Month 7 
due to this error. Since no evident histopathological findings in the treated animals or 
unusual observations in the control animals were observed, the single dose of test article 
in the control group was not considered to have significant impact on the data 
interpretation. It would be acceptable to use the PK data at the end of Month 7 for 6-
month exposure assessment.    
  
Mortality:  No test article-related mortality was observed. Four unscheduled decedents 
were euthanized prior to the terminal sacrifice due to gavage error (one 15 mg/kg male 
and one 60 mg/kg male were enthanized on Days 132, and 170, respectively, prior to 6-
month interim necropsy, and one control male and another 60 mg/kg male were sacrificed 
on Days 215 and 335, respectively, prior to 12-month terminal necropsy).  
 
Clinical signs:  A treatment-related increase in incidence/occurrence of abnormal stools 
(unformed, watery, presence of mucus, red exudate and or apparent test article in stool) 

Reference ID: 3072943



Reviewer: Jean Q. Wu              IND No. 74633 
 
 

 11 
 

was observed in treated males and females. An increase in incidence/occurrence of 
vomiting (with or without food/test article) was observed primarily in the 60 mg/kg males 
and  30 mg/kg females. The similar findings were observed in the previous 14-day and 
3-month dog studies in which same dose levels were tested. These findings were 
considered clinically monitorable. 
 
Body weights:  There were no significant test article-related effects on body weight and 
body weight gains. 
 
Food consumption:  There were no test article-related effects on food consumption. 
 
Ophthalmoscopy:  There was no indication of test article-related ocular findings. 
 
EKG:  The incidences of the 2nd-degree AV block (2º AVB) and supraventricular 
premature complex (SVPC) were listed in the table below (excerpted from page 45 of the 
report). The 2º AVB observed in one 15 mg/kg female at Month 3 and 12, one 30 mg/kg 
male at Month 9 only and one 60 mg/kg female at Month 3 only occurred in each 
affected animal in low frequency, without dose-dependency. It was considered a 
spontaneous finding in the beagle dog and was not related to the test article treatment. 
The SVPC was also a common spontaneous finding in beagle dogs. The repetitive events 
of SVPC were observed in one 30 mg/kg male and two 60 mg/kg animals (one male and 
one female). Among them, the SVPC in one 60 mg/kg female (No. 4646f) occurred in 
high frequency in treatment period (consistently observed in Month 3, 6, 9 and 12 
intervals) and was resolved following 1-month recovery period. Due to the higher 
incidence and frequency of SVPC at high dose, its potential relationship to the test article 
treatment could not be excluded though there were no associated biochemical changes or 
histopathological lesions observed. Considering the SVPC can be monitored clinically, it 
was not considered a dose limiting toxicity finding. The observation of a single or two 
occurrences of ventricular premature complex (VPC) in two 60 mg/kg females were 
observed in the previous 3-month dog study, which were not considered test article-
related toxicities. There were no other test article-related effects on the evaluated 
parameters including heart rate, PR, QRS, RR, QT, and P wave intervals of the ECG.  
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Hematology:  There were no test article related effects on measured hematology and 
coagulation parameters.  
 
Clinical chemistry:  There were no significant test article-related adverse effects on the 
measured clinical chemistry parameters. The statistically significant changes in some 
parameters as listed in the table below (excerpted from page 47 of the report) were in 
small magnitude, inconsistent between time intervals or not in a dose-dependent pattern, 
hence, were not considered toxicologically significant.  
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Urinalysis:  There were no evident test article-related effects shown in urinalysis 
evaluation.  
 
Gross pathology: There were no significant test article-related findings in gross pathology 
evaluation. Due to gavage error, two unscheduled decedents (one 15 mg/kg male and one 
60 mg/kg male) were euthanized prior to the 6-month necropsy and another two (one 
control male and one 60 mg/kg male) were euthanized prior to the 12-month necropsy. 
Gross findings attributable to gavage error included red discoloration of the lungs and 
severe red or white frothy fluid in the trachea. 
 
Organ weights:  There were no significant test article-related effects on organ weights. 
 
Histopathology:  
There were no adverse histopathological findings attributed to administration of test 
article. The 6-month interim and recovery animal data (including two unscheduled 
sacrificed males from 15 mg/kg and 60 mg/kg groups, respectively, due to gavage error) 
were reviewed by Dr. Wu in the interim report review dated March 12, 2009 and 
concluded that there were no test article-related adverse microscopic findings.  
 
During the 6-12 month dosing period, one control male and one 60 mg/kg male were 
euthanized on Day 215 and 335, respectively, due to gavage error. Microscopically, lung 
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male and female dogs. The mean exposures to VX-770 and its metabolites at later dose 
intervals were typically higher than the values observed on Day 1, suggesting an 
accumulation after repeated dosing. Mean exposure to VX-770 in dogs was significantly 
greater than exposures to the two metabolites. 
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Summary:   
 
Based on the nonclinical review dated March 12, 2009, the 6-month interim report of the 
12-month dog study with VX-770 along with the 6-month rat study (VX770-010) 
reviewed by Dr. Lawrence Sancilio dated January 16, 2009, supported the proposed 
clinical dose of 150 mg q12h for a maximum duration of 24 weeks.  The NOAEL was 
identified at 50 mg/kg/day in the 6-month rat study and at 30 mg/kg/day in the 6-month 
interim report of the 12-month dog study. However, given the GI reactions and SVPC 
were judged to be monitorable in a clinical setting, the high dose in the dog study was 
used for safety factor estimation.  
 
In current submissions, a full report of 12-month dog study was submitted. In this 12-
month study, there was an increase in incidence/occurrence of abnormal stool in treated 
animals and vomiting in the 30 and 60 mg/kg dose groups. Higher frequency of SVPC in 
60 mg/kg animals was observed through the end of 12-month dosing period and the its 
potential relationship to the test article-treatment could not be excluded. As indicated in 
the 6-month interim report review, the GI reactions and SVPC were considered clinically 
monitorible. Though the NOAEL was identified at 30 mg/kg (mid-dose), the high dose of 
60 mg/kg was considered acceptable for safety factor estimation.  
  
The safety margin estimation of major metabolites, M1 and M6, was based on the 6-
month rat study as discussed in the previous review dated March 12, 2009. The 
estimation of human exposure of VX-770 and its metabolites, M1 and M6, provided in 
the previous submission (dated March 5, 2009) and the review of March 12, 2009 is 
listed below.  

 
 
As shown in the table below, safety margin calculation in the review of March 12, 2009 
was slightly modified in this review with updated AUC values from the dog study (AUC 
at the end of 12 month). The safety margin for VX-770 was adequate based on AUC 
comparison of VX-770 in human at dose of 150 mg q12h and in dogs at NOAEL of 30 
mg/kg/day or high dose of 60 mg/kg/day. Along with the 6-month rat study, the 
submitted preclinical data was considered adequate to support the chronic clinical studies 
with a maximum dose of 150 mg q12h.   
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   AUC0-24hr (μg.hr/mL) Safety Factor 

 Study  Sex parent M1 M6 parent M1 M6 

M 445 131 38.9 34 1.8 1.5 
F 561 75.2 14.7 43 1.0 0.6 1Rat, 6-month  

 NOAEL, 50 mg/kg M/F 503 103 27 38 1.4 1.0 

M 351 49.4 7.3 27 0.7 0.3 2Dog, 12-month 
 LOAEL, 60 mg/kg F 254 40.4 5.5 19 0.5 0.2 

M 320 59.8 7.4 24 0.8 0.3 2Dog, 12-month 
 NOAEL, 30 mg/kg F 184 35.2 4.4 14 0.5 0.2 

Estimated human AUC at 
150 mg q12h Mean 13.2 74.7 25.6   
1. AUC values were based on the study review by Dr. Lawrence Sancilio dated January 16, 2009. 
2. AUC0-24hr values on Day 365. Refer to the study review. 
 
As noted in the review of March 12, 2009, the prediction of steady state metabolite 
exposure from single dose data may not be as straightforward as the parent compound, 
and the observable exposure of metabolites in humans should be followed in the future 
clinical studies.  
 
The SVPC finding was discussed with the medical reviewer in the previous submission 
and the corresponding clinical monitoring in the proposed protocols was recommended in 
the review of March 12, 2009.     

Recommendation: The submitted 12-month dog study, along with the previously 
submitted preclinical data was considered adequate to support the chronic clinical studies 
with a maximum dose of 150 mg q12h.   
 
 
Signatures (optional):    
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1 Executive Summary 

1.1 Introduction 
Ivacaftor is proposed as a small molecule potentiator of the chloride channel gating 
activity of the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR).  
Ivacaftor increases the open probability of the CFTR channel when it is activated by 
cAMP-dependent processes, increasing the amount of chloride ions transported across 
the apical membrane of lung epithelial cells. 
 
Vertex Pharmaceuticals Incorporated has submitted this new NDA proposing Ivacaftor 
given 150 mg every 12 h as a treatment for Cystic Fibrosis in patients who carry the 
G551D CFTR mutation. 
 
This review focuses on the pharmacology studies submitted to this NDA (section M4-2-
1-1-primary-pharmacodynamics).  For information on reproduction toxicology of 
Ivacaftor, please refer to Dr. Luqi Pei’s review of submitted fertility and embryofetal 
toxicology studies submitted to this NDA; for safety pharmacology and general 
toxicology information pertaining to ivacaftor and the overall evaluation of the submitted 
non-clinical program with recommended labeling changes, please refer to Dr. Marcie 
Wood’s review of this NDA. 
 
Review of the submitted pharmacology studies indicate that classification of ivacaftor 
may require a novel pharmacological class, as the drug cannot activate the CFTR by 
itself, but potentiates the activity of the channel once it becomes stimulated by 
elevations in intracellular cAMP.  However, given the current expedited review process, 
the exact pharmacological designation of ivacaftor will be left for a future review.  
Moreover, while the data do show that ivacaftor increases the stimulated chloride gating 
activity of the G551D CFTR mutant, these same studies show that ivacaftor also 
increases the stimulated gating activity of other mutant CFTRs. Whether the increase in 
chloride conduction by specific stimulated CFTR mutants treated with ivacaftor is 
sufficient to be clinically relevant is an issue that will have to be tested empirically for 
each CFTR mutation. 
 
 

1.2 Brief Discussion of Nonclinical Findings 
Pharmacology studies submitted to this NDA focused on the electrophysiology of 
mutant CFTR channels in either stably transfected Fischer Rat Thyroid (FRT) cells or 
NIH-3T3 or in human bronchial epithelial (HBE) cells derived from lung explants.  
Experiments described in these studies used either measurements of chloride channel 
current (ISC) across cell monolayers in Ussing chambers or measurements using 
isolated membrane patches containing CFTR channels.  The key findings from these 
studies were:  
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(1) Ivacaftor does not induce CFTR-mediated chloride ion transport across the cell 
membrane by itself; instead, ivacaftor increases chloride ion transport across the 
cell membrane only once the CFTR is activated.   

 
(2) Ivacaftor increases chloride ion transport in both mutant and wild-type CFTR 

variants.  Mutations affecting channel gating were most improved and mutations 
introducing conductance or mild post-translational processing defects were 
variably improved upon ivacaftor treatment.  By contrast, mutations introducing 
severe post-translational processing defects were  completely unaffected by 
ivacaftor. 

 
(3) The mechanism by which ivacaftor appears to increase chloride ion transport is 

through an increase in the open probability of the CFTR channel.  The sponsor 
provided studies that show that ivacaftor increases the open probability in cAMP- 
activated wild-type CFTR and “gating defect” mutant channels (G551D, S549N, 
S549R, S1251N).  Although not directly tested, the increased chloride ion 
transport observed in some cAMP-activated CFTR variants that contain 
conductance or mild-post-translational processing probably occurred by a similar 
mechanism. 

 
(4) Two major metabolites of ivacaftor, VRT-837018 (M1) and VRT-842917 (M6) 

produced increases in cAMP-stimulated chloride ion transport in human bronchial 
epithelial (HBE) cells derived from a G551D/ F508 heterozygous patient.  An 
important caveat to these studies is that the sponsor normalized all data to 
previously determined ISC measurements using CFTR wild-type human epithelial 
cells; no concurrent wild-type controls were included. 

a. For purposes of comparison, after addition of ivacaftor at the highest 
concentration tested (30 M), ISC in G551D/ F508 human bronchial 
epithelia (HBE)  reached 48 ± 4% of the activity observed in HBE cells 
derived from individuals without CF. EC50 was 0.24 ± 0.2 M (mean ± 
SEM).  

b. At the highest concentration of VRT-837018 (M1) tested (50 μM), Isc in 
G551D/ F508 HBE reached 42.4 ± 3.2 % (mean ± SEM) of the activity 
observed in HBE cells derived from individuals without CF.  The EC50 
was 1.2 ± 0.1 M (mean ± SEM).   

c. At the highest concentration of VRT-842917 (M6) tested (50 μM), ISC in 
G551D/ F508 HBE reached 24.6 ± 4% of the activity observed in HBE 
cells derived from individuals without CF.  The sponsor did not 
determine an EC50 value for VRT-842917 (M6)-mediated increase in 
HBE cells derived from a G551D/ F508 heterozygous patient but 
reported a lower bound of 13.5 ± 1.3 M (mean ± SEM) for this EC50. 
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1.3 Recommendations 

1.3.1 Approvability 
Please refer to Dr. Marcie Wood’s review of this NDA for information on the 
approvability recommendation from the pharmacology/toxicology perspective. 
 
1.3.2 Additional Non Clinical Recommendations 
Please refer to Dr. Marcie Wood’s review of this NDA for additional non-clinical 
recommendations. 
 
1.3.3 Labeling 
Please refer to Dr. Marcie Wood’s review of this NDA for labeling recommendations. 
 

2 Drug Information 

2.1 Drug 
CAS Registry Number 
 
873054-44-5 
 
Generic Name 
 
Ivacaftor 
 
Code Name 
 
VX-770, VRT-813077 
 
Chemical Name 
 
N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-oxoquinoline-3-carboxamide 
 
Molecular Formula/Molecular Weight 
 
C24H28N2O3/392.49 g/mol 
 
Structure or Biochemical Description 
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2.4 Comments on Novel Excipients 
Please refer to Dr. Marcie Wood’s review of this NDA for information on novel 
excipients. 
 

2.5 Comments on Impurities/Degradants of Concern 
Please refer to PharmTox Chemistry Consultation review of this NDA for information on 
impurities/degradants. 
 

2.6 Proposed Clinical Population and Dosing Regimen 
150 mg tablet every 12 h. 
 

2.7 Regulatory Background 
Please refer to Dr. Marcie Wood’s review of this NDA for a definitive description of the 
regulatory background. 
 

3 Studies Submitted 

3.1 Studies Reviewed  
Study # Title EDR 

Location 
Pharmacology 
Primary Pharmacodynamics 
D058 Effects of VX-770 on G551D-CFTR in Recombinant 

Cells and in Human Bronchial Epithelia Isolated from 
a G551D/ F508 Heterozygous Cystic Fibrosis 
Subject 

4.2.1.1 

E111 In Vitro Activity of VRT-842917, a Metabolite (M6) of 
VX-770, on Chloride Secretion in Cystic Fibrosis 
Bronchial Epithelia 

4.2.1.1 

E156 In Vitro Activity of VRT-837018, a Metabolite (M1) of 
VX-770, on Chloride Secretion in Cystic Fibrosis 
Bronchial Epithelia 

4.2.1.1 

G205 Effect of VX-770 on Multiple Mutant CFTR Forms In 
Vitro 

4.2.1.1 

H189 Time Course of VX-770 Potentiation of f508del-CFTR 
In Vitro 

4.2.1.1 
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4 Pharmacology 

4.1 Primary Pharmacology 
 
Brief Summary 
 
Pharmacology studies indicate that ivacaftor increased forskolin-stimulated chloride flux 
with EC50 3-30 nM in NIH3T3 fibroblast expressing F508-CFTR, Fischer Rat Thyroid  
epithelial cells expressing F508-CFTR and G551D-CFTR and human bronchial 
epithelia cells. Ivacaftor increases the open probability of the CFTR channel but does 
not activate the cAMP signaling pathway. An activity screening against a panel of 
enzymes and receptors, and 11 Na+, Ca2+, and K+ channels indicated that while 
ivacaftor inhibited the activity of some channels but with EC50 values in the micromolar 
range, which compares favorably with the nanomolar range of ivacaftor activity on the 
CFTR (Table 3).   
 

Table 3.  Ion Channel Selectivity of Ivacaftor (Study B227) 

 
 
A key feature of ivacaftor activity on the CFTR channel is that ivacaftor by itself does not 
activate the CFTR.  Data submitted to this NDA showed this effect in the mutant F508-
CFTR (Figure 1), but a recently published article shows data for the wild-type CFTR. 
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• 10 M VX-770 added to the cytoplasmic surface of membrane patches from 
Fischer Rat Thyroid (FRT) Epithelial cells stably expressing G551D-CFTR, 
increased the open probability of G551D-CFTR by ~10-fold.   

• Open probability of G551D-CFTR treated with 10 M VX-770 was similar to that 
previously observed for isolated wild-type CFTR expressed in NIH3T3 cells, 
although no concurrent control with FRT cells stably expressing wild-type CFTR 
was included in this study. 

• Addition of VX-770 (0.001 to 30 M) increased the short circuit current (Isc) in 
G551D/ F508 human bronchial epithelia (HBE) cells to 48 ± 4% of previously 
observed wild type-CFTR Isc (27 A/cm2) with an EC50 of 0.24 ± 0.2 M (mean ± 
SEM, n = 16), although no concurrent wild-type controls were included in the 
study. 

 
Study no.:  D058 
Volume # and page #:  M4-2-1-1-primary-pharmacodynamics 
 
Conducting laboratory and location:  

 
Vertex Pharmaceuticals Inc. 
San Diego, CA 92131 
 
Date of study initiation: Jan. 2007 
GLP compliance:  No 
QA report:  yes (  ) no (X)  
Drug, lot #, and % purity: VX-770 lot 6; purity not provided 
 
Methods: 

 
Fischer Rat Thyroid (FRT) Epithelial Cells 
 

• FRT cells stably expressing G551D-CFTR were cultured at 37°C and 5% CO2 in 
Coon’s modified Ham’s F-12 medium supplemented with 10% fetal bovine serum, 
100 U/ml penicillin, and 100 g/ml streptomycin. 

• Gating activity of G551D-CFTR expressed in FRT cells was observed using 
excised inside-out membrane patch recordings using an Axopatch 200B patch-
clamp amplifier (Axon Instruments Inc.). The pipette contained (in mM): 150 
NMDG, 150 aspartic acid, 5 CaCl2, 2 MgCl2, and 10 HEPES (pH adjusted to 7.35 
with Tris base). The bath contained (in mM): 150 NMDG-Cl, 2 MgCl2, 5 EGTA, 10 
TES, and 14 Tris base (pH adjusted to 7.35 with HCl).   

• After excision, CFTR was activated by adding 1 mM Mg-ATP, 75 nM of the 
catalytic subunit of cAMP-dependent protein kinase  

 and 10 mM NaF to inhibit protein phosphatases, which prevented 
current rundown. The pipette potential was 50 mV (Vhold = -60 mV). 

 
Isolated Primary Human Bronchial Epithelial (HBE) Cells  
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• Airway epithelia were isolated from the upper and lower bronchial tubes of a 
G551D/ F508 heterozygous patient.  The isolated cells were cultured and plated 
onto Costar Snapwell filters pre-coated with NIH3T3 conditioned media. 

• After 4 days, the apical media was removed and the cells were grown at an air 
liquid interface for at least 14 days prior to use, resulting in a monolayer of fully 
differentiated and ciliated columnar cells similar to airway epithelia. 

• The G551D/ F508 genotype was confirmed using Amplification Refractory 
Mutation System technology and the presence of extensively glycosylated CFTR 
was demonstrated in immunoblots of cell lysates, consistent with cell surface 
expression of G551D-CFTR. 

• Cells grown on Costar® Snapwell™ cell culture inserts were mounted in an 
Ussing chamber  and the 
transepithelial resistance and short circuit current (ISC) in the presence of a 
basolateral to apical Cl- gradient were measured using a voltage-clamp system 

  Cells were examined 
under voltage-clamp recording conditions (Vhold = 0 mV) at 37°C. The basolateral 
solution contained (in mM) 145 NaCl, 0.83 K2HPO4, 3.3 KH2PO4, 1.2 MgCl2, 1.2 
CaCl2, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with NaOH) and the apical 
solution contained (in mM) 145 NaGluconate, 1.2 MgCl2, 1.2 CaCl2, 10 glucose, 
10 HEPES (pH adjusted to 7.35 with NaOH).  Amiloride was added prior to 
forskolin to block the epithelial sodium channel and glibenclamide was added 
subsequent to VX-770 addition to block CFTR. 

• The EC50 values for sigmoidal dose-response curve parameters were calculated 
by non-linear regression (4 parameter logistic fit) with Prism 4.0 (GraphPad 
Software, San Diego, CA), using ISC values measured in 7 separate HBE samples 
incubated with 0.001 to 30 M VX-770. 

 
Results: 
 

Fischer Rat Thyroid (FRT) Epithelial Cells 
 

• 10 M VX-770 added to the cytoplasmic surface of membrane patches from 
Fischer Rat Thyroid (FRT) Epithelial cells stably expressing G551D-CFTR, 
increased the open probability of G551D-CFTR by ~10-fold. 

• Open probability of G551D-CFTR was close to that observed for wild-type CFTR 
expressed in NIH3T3 cells (“Untreated” in Figure 1B), but no concurrent using 
wild-type CFTR expressed in FRT cells was included in this study. 
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Figure 3. G551D-CFTR Activity in Human Bronchial Epithelial Cells (Study D058) 

 
 
 
 
 
 
 
 
 
 
 
 
Title: In Vitro Activity of VRT-842917, a Metabolite (M6) of VX-770, on Chloride 
Secretion in Cystic Fibrosis Bronchial Epithelia 
 
Key study findings:   

 
• In the presence of forskolin, acute (5 min) application of VRT-842917 (0.001 to 50 

M) to the apical side of Human Bronchial Epithelial (HBE) cells derived from a 
G551D/ F508 CFTR heterozygous patient caused a dose-dependent increase in 
ISC.  This current is thought to be associated with CFTR activity and was inhibited 
by gilbenclamide, a known inhibitor of CFTR. 

• At the highest concentration tested (50 μM), Isc reached 24.6 ± 4% of the activity 
observed in HBE cells derived from individuals without CF (actual wild-type values 
not given). 

• The sponsor did not determine a discrete EC50 for VRT-842917-mediated 
increase in HBE cells derived from a G551D/ F508 heterozygous patient.  
However, the sponsor reports a lower bound of 13.5 ± 1.3 M (mean ± SEM, n = 
3) for this EC50. 

 
Study no.:  E111 
Volume # and page #:  M4-2-1-1-primary-pharmacodynamics 
 
Conducting laboratory and location:  

Excerpted from sponsor’s submission.  (A) Representative single channel recordings of G551D mutant 
CFTR before and after application of 10 μM Forskolin followed by increasing concentrations of VX-770.  
10 M amiloride was initially added to the apical side to block the epithelial sodium channel (ENaC) and 
establish a basolateral to apical Cl- gradient.   Gilbenclamide is a known CFTR inhibitor and was used to 
confirm the presence of a Gilbenclamide-sensitive channel.  (B)  G551D mutant CFTR Isc activity 
expressed as % of Wild-Type CFTR Isc response to Forskolin and plotted as a function of increasing 
Log molar VX-770 concentration.  Individual data was not provided in report. 
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Vertex Pharmaceuticals Inc. 
San Diego, CA 92131 
 
Date of study initiation: Dec. 16, 2008 
GLP compliance:  No 
QA report:  yes (  ) no (X)  
Drug, lot #, and % purity: VX-770 lot 1; purity not provided 
 
Methods: 

 
VX-770 and VRT-842917 (M6) 
 

• The activity of the VX-770 metabolite VRT-842917 (M6) was assessed in this 
study.  A structural comparison of these two molecules is provided below: 

 

Figure 4. Structural Comparison of VX-770 and VRT-842917 (Study E111) 

        
   VX-770      VRT-842917 
 
 
Isolated Primary Human Epithelial (HBE) Cell Culture 
 

• This report states that non-CF and CF airway epithelia were isolated from the 
upper and lower bronchial tubes of G551D/ F508 heterozygous patients and 
plated onto Costar® Snapwell™ filters that were pre-coated with NIH3T3-
conditioned media.  However, results described in this study only describe data 
from cells derived from a CF patient heterozygous for the G551D/ F508 alleles. 

• After 4 days, the apical media was removed and the cells were grown at an air 
liquid interface for at least 14 days prior to use, resulting in a monolayer of fully 
differentiated and ciliated columnar cells similar to airway epithelia. 

 
Ussing Chamber Recordings  
 

• Cells grown on Costar® Snapwell™ cell culture inserts were mounted in an 
Ussing chamber , and the 
transepithelial resistance and shortcircuit current (ISC) in the presence of a 
basolateral to apical Cl- gradient were measured using a voltage-clamp system 
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GLP compliance:  No 
QA report:  yes (  ) no (X)  
Drug, lot #, and % purity: VRT-837018 (lot 1)  at  

 purity not provided 
 
Methods: 

 
Isolated Primary Human Epithelial (HBE) Cell Culture 
 

• This report states that non-CF and CF airway epithelia were isolated from the 
upper and lower bronchial tubes of G551D/ F508 heterozygous patients and 
plated onto Costar® Snapwell™ filters that were pre-coated with NIH3T3-
conditioned media.  However, results described in this study only describe data 
from cells derived from a CF patient heterozygous for the G551D/ F508 alleles. 

• After 4 days, the apical media was removed and the cells were grown at an air 
liquid interface for at least 14 days prior to use, resulting in a monolayer of fully 
differentiated and ciliated columnar cells similar to airway epithelia. 

 
 
 
Ussing Chamber Recordings  
 

• Human bronchial epithelial (HBE) cells grown on Costar® Snapwell™ cell culture 
inserts were mounted in an Ussing chamber  

 and the transepithelial resistance and short circuit current in the 
presence of a basolateral to apical Cl- gradient (ISC) were measured using a 
voltage-clamp system (   
HBE cells were examined under voltage-clamp recording conditions (Vhold = 0 mV) 
at 37°C. The basolateral solution contained (in mM) 145 NaCl, 0.83 K2HPO4, 3.3 
KH2PO4, 1.2 MgCl2, 1.2 CaCl2, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with 
NaOH) and the apical solution contained (in mM) 145 NaGluconate, 1.2 MgCl2, 
1.2 CaCl2, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with NaOH). All 
compounds were dissolved in DMSO and added at 1000X the final concentration 
to the apical side.  

• To activate CFTR, 10 M forskolin was added to the bath solution to stimulate 
cAMP-dependent PKA.  The forskolin-stimulated ISC was abolished by CFTR 
inhibitors and was absent in FRT cells not expressing CFTR, indicating that it is 
due to CFTR-mediated chloride transport.  In HBE cells, amiloride was added to 
block the epithelial sodium channel prior to forskolin addition and glibenclamide 
was added subsequent to VX-770 addition to block CFTR. 

• The EC50 and SD values for sigmoidal dose-response curve parameters were 
calculated by non-linear regression (4 parameter logistic fit) with Prism 4.0 
(GraphPad Software, San Diego, CA), using ISC values measured in 3 separate 
HBE sample wells with acute addition of 0.001 to 50 M VRT-837018. 

 
Results: 
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Title: Effect of VX-770 on multiple mutant CFTR forms in vitro 
 
Key study findings:   

 
• VX-770 (10 M)  increased chloride current (ISC) in forskolin-treated (10 M) 

Fischer Rat Thyroid cells stably transfected with some different classes of mutant 
CFTRs to varying levels from no improvement to 157% of wild-type (G551S). 

• Addition of VX-770 to FRT cells stably transfected with wild-type CFTR exhibited 
an increased ISC of 147% that of wild-type CFTR in cells treated with forskolin 
alone and increased the open channel probability Po in the presence of 10 M 
forskolin from ~40% to ~80%. 

• Mutations affecting channel gating were most improved, mutations introducing 
conductance or mild post-translational processing defects were variably improved 
upon VX-770 treatment.  By contrast, mutations introducing severe post-
translational processing defects were most resistant to VX-770. 

• Treatment of FRT cells transfected with the G551D mutation targeted by the 
sponsor in the current NDA submission exhibited an ISC 1% of wild-type before 
VX-770 and an ISC of 55% after VX-770 treatment. 

• Experiments with primary human bronchial epithelial cells containing gating, 
conductance, mild processing, and severe processing mutations were generally 
consistent with results in transfected FRT cells. 

 
Study no.:  G205 
Volume # and page #:  M4-2-1-1-primary-pharmacodynamics 
Conducting laboratory and location:  

 
Vertex Pharmaceuticals Inc. 
San Diego, CA 92131 
 
Date of study initiation: Dec. 2009 
GLP compliance:  No 
QA report:  yes (  ) no (X)  
Drug, lot #, and % purity: VX-770, Lot 9 (Vertex Pharmaceuticals).  Purity not 
provided. 
 
Methods: 

 
CFTR mutations 
 

• CFTR missense mutations were selected for testing based on the presence of 10 
or more alleles in the North American and European CF patient population or 
based on a known molecular defect of interest. 

• Each mutant CFTR form in was recombinant Fischer Rat Thyroid (FRT) cells.  
Only one CFTR mutation was expressed in each FRT cell line.  
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• A small patch of membrane containing 1 - 5 CFTR channels was excised from 
cells expressing CFTR and the single channel activity of CFTR was measured in 
inside-out membrane patch configuration (cytoplasmic surface was exposed to 
the bath solution) using an Axopatch 200B (Axon Instruments Inc.) patch-clamp 
amplifier. 

• All recordings were obtained at room temperature. Borosilicate glass pipettes (1.5 
mm outer diameter; World Precision Instruments, Sarasota, FL) were heat-
polished to a final tip resistance of 8 – 10 M  and then coated with Sylgard (Dow 
Corning, Midland, MI) to reduce pipette capacitance. This resulted in a seal 
resistance of >10 G . The pipette (extracellular solution) contained (in mM): 150 
NMDG, 150 aspartic acid, 5 CaCl2, 2 MgCl2, and 10 HEPES (pH adjusted to 7.35 
with Tris base). The bath (cytoplasmic solution) contained (in mM): 150 NMDG-Cl, 
2 MgCl2, 5 EGTA, 10 NaF, 10 TES, and 14 Tris base (pH adjusted to 7.35 with 
HCl). The inclusion of NaF was necessary to prevent CFTR channel rundown 
during the recording. After excision, CFTR was activated by adding 1 mM Mg-ATP 
and 75 nM of the cAMP-dependent protein kinase A (PKA: ~1.6 mg/ml protein 
concentration;  The pipette potential was maintained 
at 80 mV. All recordings were low-pass filtered at 1 kHz during the recording. 

• Because the open probability for CFTR gating mutations can be as low as ~1/20 
of that observed for normal-CFTR, it is difficult to accurately determine the 
number of channels in the membrane patch, which can lead to an overestimation 
of the open probability. Because of this, the baseline open probability for CFTR 
was corrected for the average number of CFTR channels observed in the 
presence of VX-770 at the end of the experiment. The channel open probability 
(Po) was calculated from equation 1: 

 
Where it is the time spent above a threshold current (i) set at 0.5, 1.5, 2.5,…, time 
the single channel amplitude, N is the number of channels in the open position in 
the presence of VX-770 at the end of the experiment, and T is the duration of the 
segment (typically > 120 sec).  Prior to calculating the Po, the baseline was 
corrected and the recordings were filtered off-line at 200 Hz. 

 
Ussing Chamber Recordings  
 

• Human bronchial epithelial (HBE) cells grown on Costar® Snapwell™ cell culture 
inserts were mounted in an Ussing chamber  

 and the transepithelial resistance and short circuit current in the 
presence of a basolateral to apical Cl- gradient (ISC) were measured using a 
voltage-clamp system .  
HBE cells were examined under voltage-clamp recording conditions (Vhold = 0 mV) 
at 37°C. The basolateral solution contained (in mM) 145 NaCl, 0.83 K2HPO4, 3.3 
KH2PO4, 1.2 MgCl2, 1.2 CaCl2, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with 
NaOH) and the apical solution contained (in mM) 145 NaGluconate, 1.2 MgCl2, 
1.2 CaCl2, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with NaOH). All 

Reference ID: 3072195

(b) (4)

(b) (4)

(b) (4)



NDA #203188   Reviewer: Hans Rosenfeldt, Ph.D. 
 

25 

compounds were dissolved in DMSO and added at 1000X the final concentration 
to the apical side.  

• To activate CFTR, 10 M forskolin was added to the bath solution to stimulate 
cAMP-dependent PKA.  The forskolin-stimulated ISC was abolished by CFTR 
inhibitors and was absent in FRT cells not expressing CFTR, indicating that it is 
due to CFTR-mediated chloride transport.  In HBE cells, amiloride was added to 
block the epithelial sodium channel prior to forskolin addition and glibenclamide 
was added subsequent to VX-770 addition to block CFTR. 

 
Quantification of CFTR-mediated chloride transport  

 
• To calibrate the amount of CFTR chloride transport in vitro with published 

genotype-to-phenotype studies that relate the amount of CFTR chloride transport 
in vivo with disease severity, the forskolin-stimulated ISC was normalized to the 
mean forskolin-stimulated ISC measured from 4 separate FRT cell lines expressing 
a normal CFTR (204.5 ± 29.9 A/cm2) and expressed as % normal CFTR 
chloride transport. 

 
Quantification of mild vs. severe processing defects 
 

• Immunoblot studies were used to measure the amount of CFTR delivered to the 
cell surface based on the principle that fully glycosylated, mature CFTR (170 - 180 
kDa band) translocates to the cell surface. By contrast, some CFTR mutants, 
such as F508del, reduce the exit of CFTR out of the ER, resulting in a core-
glycosylated, immature protein form (135 - 140 kDa band), degraded prior to 
reaching the plasma membrane. 

• CFTR maturation was expressed as a ratio of mature to total (mature plus 
immature) CFTR forms and these ratios were used to determine the severity of 
the CFTR processing defect. 

• CFTR processing was considered to be normal if it was within 3 SD of the mean 
level of maturation for normal CFTR measured in 5 separate FRT cell lines 
expressing normal CFTR (0.9 ± 0.04; mean ± SD; n = 5). 

• The CFTR processing defect was considered to be severe if the ratio of mature to 
total CFTR was within 3 SD of the mean level for F508del CFTR (0.09 ± 0.05; 
mean ± SD; n = 3). 

• The CFTR processing defect was considered to be mild if the ratio of mature to 
total CFTR was between 3 SD of the mean level of CFTR maturation for normal- 
and F508del-CFTR. 

 
Results: 
 

• VX-770 (10 M)  increased chloride current (ISC) in forskolin-treated (10 M) 
Fischer Rat Thyroid cells stably transfected with some different classes of mutant 
CFTRs (Tables 4, 5 and Figures 7, 9, and 10) to varying levels from no 
improvement to 157% of  wild-type (G551S). 

Reference ID: 3072195





NDA #203188   Reviewer: Hans Rosenfeldt, Ph.D. 
 

 

Figure 7. Ussing ISC: CFTR gating mutants in FRT Cells +/- VX-770 (Study G205) 

 
 
 
 
 
 
 
 

 
 

Figure 8.  CFTR Maturation/Channel Activity of Gating Mutants (Study G205)  

 
 Excerpted from sponsor’s submission.  Panel A.  Level of steady state CFTR maturation expressed as 

the mean (± SEM; n = 3 – 5) ratio of mature CFTR to total CFTR (immature plus mature) in FRT cells 
individually expressing the S549N, S549R, S1251N, and normal CFTR gene (n = 3 - 4).  (Asterisks 
indicates p < 0.05; 1-way ANOVA followed by Tukey’s multiple comparison test; n = 3 – 4). 
Panel B.  Representative single channel tracings (n = 3 – 4 for each CFTR mutation) in an excised 
plasma membrane patch from FRT cells expressing S549N-, S549R-, or S1251N-CFTR. To activate 
CFTR, the bath solution, cytoplasmic surface, was exposed to 75 nM PKA and 1 mM ATP (baseline)  
prior to application of 10 M VX-770.    

Excerpted from sponsor’s submission.  The mean forskolin induced (± SEM; n = 3 - 6) CFTR-mediated 
chloride transport in the absence (open bars) or presence (filled bars) of 10 M VX-770 for each mutant 
CFTR form. Mutant CFTR chloride transport was determined by the forskolin-stimulated ISC in Ussing 
chamber studies (left y-axis). To calibrate the level of mutant CFTR chloride transport, the forskolin-
stimulated ISC in FRT cells expressing mutant CFTR was normalized to the forskolin-stimulated ISC in 
FRT cells expressing normal CFTR (204.5 ± 29.9 A/cm2) and expressed as % normal CFTR (right y-
axis). 
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Table 8. Ussing ISC: wild-type/mutant CFTR in FRT Cells +/- VX-770 (Study G205) 
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Table 9.  In vitro potency of mutual CFTR forms (EC50, EC90; Study G205) 
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Figure 11. Ussing ISC: Mutant CFTR in HBE Cells +/- VX-770 (Study G205) 

 
 
 
 
 
 
 
 
 
 

Table 10.  Ussing ISC: mutant CFTR in HBE Cells +/- VX-770 (Study G205) 

 

Excerpted from sponsor’s submission.  The mean forskolin induced (± SEM; n = 3 - 6) CFTR-mediated 
chloride transport in the absence (open bars) or presence (filled bars) of 10 M VX-770 in cultured CF 
Human Bronchial Epithilial Cells. Mutant CFTR chloride transport was determined by the forskolin-
stimulated ISC in Ussing chamber studies (left y-axis). Except for a G551D homozygous donor lung, all 
donor lungs carried the F508del CFTR gene mutation on one allele and the CFTR gene mutation 
indicated on the second allele.  The data for F508del/F508del HBE was the mean response from six 
donor bronchi, whereas all other data were from single donor bronchi (n  3 replicates per donor 
bronchi).  Mutant CFTR chloride transport was determined by the forskolin-stimulated ISC in the 
presence of amiloride using Ussing chamber recording techniques. 
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Title: Time Course of VX-770 Potentiation of F508-CFTR In 
Vitro
 
Key study findings:   

 
• Data from this study are confounded by the fact that the sponsor pre-

treated NIH-3T3 cells stably transfected with the F508CFTR allele for 24 
h with 6.7 M VRT-808943 to increase the cell surface density of the 
mutated channel. 

• VX-770 improved ISC current in response to forskolin from an average 
current of 35 pA before treatment to a maximal average current of 316 pA 
after treatment.   

• Maximal response occurred on an average of 5 ± 3 min (Table 8).  
Response time was varied from sample to sample and ranged from 1 to 8 
min. 

• After washout  ISC current returned to pre-treatment levels on a timescale 
that varied from 3 min to 49 min.   

 
Study no.:  H189 
Volume # and page #:  M4-2-1-1-primary-pharmacodynamics 
 
Conducting laboratory and location:  

 
Vertex Pharmaceuticals Inc. 
San Diego, CA 92131 
 
Date of study initiation: August, 28, 2011 
GLP compliance:  No 
QA report:  yes (  ) no (X)  
Drug, lot #, and % purity: VX-770 lot 1; purity not provided 
 
Methods: 
 
Cell Culture 
 

• NIH-3T3 cells stably expressing F508del-CFTR were cultured using 
standard procedures. 

 
Perforated Patch-Clamp Electrophysiology 
 

• Total chloride current in F508del-NIH3T3 cells was monitored using the 
perforated-patch recording configuration. Voltage-clamp recordings were 
performed at 22ºC using an Axopatch 200B patch-clamp amplifier (Axon 
Instruments Inc., Foster City, CA). The pipette solution contained (in mM) 
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150 N-methyl-d-glucamine (NMDG)-Cl, 2 MgCl2, 2 CaCl2, 10 EGTA, 10 
HEPES, and 240 g/ml amphotericin-B (pH adjusted to 7.35 with HCl). The 
extracellular medium contained (in mM) 150 NMDG-Cl, 2 MgCl2, 2 CaCl2, 
10 HEPES (pH adjusted to 7.35 with HCl). 

• Pulse generation and data acquisition were performed using a Digidata 
1320 A/D interface in conjunction with Clampex 8 (Axon Instruments Inc.). 

• To activate F508del-CFTR, 10 M forskolin was added to the bath and the 
current-voltage relation was monitored every 5 sec by applying a voltage-
ramp from -100 to +100 mV. 

• The maximum chloride current between 90 and 100 mV was used to 
calculate the forskolin stimulated chloride response in the absence and 
presence of VX-770. 

•  A gravity-driven perfusion system was used to apply and washout 
compounds. 

 
 
Results: 
 

• Data from this study are confounded by the fact that the sponsor pre-
treated NIH-3T3 cells stably transfected with the F508CFTR allele for 24 
h with 6.7 M VRT-808943 to increase the cell surface density of the 
mutated channel. 

• VX-770 given at 300 nM improved ISC current in response to forskolin from 
an average current of 35 pA before treatment to a maximal average current 
of 316 pA after treatment (Figure 11).  There was a great deal of variability 
in response from sample to sample; responses varied from 3.4 to 15.3 fold. 

• Maximal response occurred on an average of 5 ± 3 min (Table 8).  
Response time was varied from sample to sample and ranged from 1 to 8 
min. 

• After washout  ISC current returned to pre-treatment levels on a timescale 
that varied from 3 min to 49 min (Table 9).  Average time of return to 
baseline was 22 min. 
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11 Integrated Summary and Safety Evaluation 
 
 
Vertex Pharmaceuticals Incorporated has submitted this new NDA proposing 
Ivacaftor given 150 mg every 12 h as a treatment for Cystic Fibrosis in patients 
who carry the G551D CFTR mutation.  Ivacaftor is a small molecule potentiator 
of the chloride channel gating activity of the Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR). This review focuses on the pharmacology 
studies submitted to this NDA (section M4-2-1-1-primary-pharmacodynamics).   
 
Review of the submitted pharmacology studies indicates that classification of 
ivacaftor may require a novel pharmacological class, as the drug cannot activate 
the CFTR by itself, but potentiates the activity of the channel once it becomes 
stimulated by elevations in intracellular cAMP.  However, given the current 
expedited review process, the exact pharmacological designation of ivacaftor will 
be left for a future review.  Moreover, while the data do show that ivacaftor 
increases the stimulated chloride gating activity of the G551D CFTR mutant, 
these same studies show that ivacaftor also increases the stimulated gating 
activity of other mutant CFTRs.  Of these, mutations affecting channel gating 
were most improved, mutations introducing conductance or mild post-
translational processing defects were variably improved upon ivacaftor treatment.  
By contrast, mutations introducing severe post-translational processing defects 
were most resistant to ivacaftor.  The main requirement for ivacaftor activity 
appears to be the presence of a full-length CFTR on the plasma membrane.  
Whether the increase in chloride conduction by stimulated CFTR mutants treated 
with ivacaftor is sufficient to be clinically relevant is an issue that will have to be 
tested empirically for each CFTR mutation. 
 
Pharmacology studies submitted to this NDA focused on the electrophysiology of 
mutant CFTR channels in either stably transfected Fischer Rat Thyroid (FRT) 
cells or NIH-3T3 or in human bronchial epithelial (HBE) cells derived from lung 
explants.  Experiments described in these studies used either measurements of 
chloride channel current (ISC) across cell monolayers in Ussing chambers or 
measurements using isolated membrane patches containing CFTR channels.  
The key findings from these studies were:  
 

(1) Ivacaftor does not induce CFTR-mediated chloride ion transport across 
the cell membrane by itself; instead, ivacaftor increases chloride ion 
transport across the cell membrane only once the CFTR is activated.   

 
(2) Ivacaftor increases chloride ion transport in both mutant and wild-type 

CFTR variants.  Mutations affecting channel gating were most improved 
and mutations introducing conductance or mild post-translational 
processing defects were variably improved upon ivacaftor treatment.  By 
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contrast, mutations introducing severe post-translational processing 
defects were  completely unaffected by ivacaftor. 

 
(3) The mechanism by which ivacaftor appears to increase chloride ion 

transport is through an increase in the open probability of the CFTR 
channel.  The sponsor provided studies that show that ivacaftor 
increases the open probability in cAMP- activated wild-type CFTR and 
“gating defect” mutant channels (G551D, S549N, S549R, S1251N).  
Although not directly tested, the increased chloride ion transport 
observed in some cAMP-activated CFTR variants that contain 
conductance or mild-post-translational processing probably occurred by a 
similar mechanism. 

 
(4) Two major metabolites of ivacaftor, VRT-837018 (M1) and VRT-842917 

(M6) produced increases in cAMP-stimulated chloride ion transport in 
human bronchial epithelial (HBE) cells derived from a G551D/ F508 
heterozygous patient.  An important caveat to these studies is that the 
sponsor normalized all data to previously determined ISC measurements 
using CFTR wild-type human epithelial cells; no concurrent wild-type 
controls were included. 

a. For purposes of comparison, after addition of ivacaftor at the 
highest concentration tested (30 M), ISC in G551D/ F508 
human bronchial epithelia (HBE)  reached 48 ± 4% of the 
activity observed in HBE cells derived from individuals without 
CF. EC50 was 0.24 ± 0.2 M (mean ± SEM).  

b. At the highest concentration of VRT-837018 (M1) tested (50 
μM), Isc in G551D/ F508 HBE reached 42.4 ± 3.2 % (mean ± 
SEM) of the activity observed in HBE cells derived from 
individuals without CF.  The EC50 was 1.2 ± 0.1 M (mean ± 
SEM).   

c. At the highest concentration of VRT-842917 (M6) tested (50 
μM), ISC in G551D/ F508 HBE reached 24.6 ± 4% of the 
activity observed in HBE cells derived from individuals without 
CF.  The sponsor did not determine an EC50 value for VRT-
842917 (M6)-mediated increase in HBE cells derived from a 
G551D/ F508 heterozygous patient but reported a lower bound 
of 13.5 ± 1.3 M (mean ± SEM) for this EC50.
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12 Appendix/Attachments 
 
12.1  APPENDIX 1: PHARMACOLOGY AND TOXICOLOGY REVIEW IND    
 74633 (SERIAL NO. 000-003), MAY 18, 2006 – SEE DR. MARCIE 
 WOOD’S NDA REVIEW 
12.2  APPENDIX 2: PHARMACOLOGY AND TOXICOLOGY REVIEW IND 
 74,633  (SERIAL NO. 011-012), JUNE 5, 2007– SEE DR. MARCIE 
 WOOD’S NDA REVIEW 
 

                                            
1 file://///cdsnas/pharmtox2/files/tools/stats_02.xls 
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Chemical Name: N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-oxoquinoline-3-
carboxamide 
 
Molecular Formula/Molecular Weight: C24H28N2O3 / 392.49 grams per mole 
 
Structure or Biochemical Description: 

 
 
Pharmacologic Class: Patients 6 years old with cystic fibrosis and have a G551D 
mutation in the CFTR gene 
 
2.2 Relevant IND/s, NDA/s, and DMF/s 
IND 74,633 (Vertex Pharmaceuticals, VX-770) 

2.3 Drug Formulation 
Ivacaftor drug product is an immediate-release tablet for oral administration. It is a light 
blue film-coated tablet, printed in black ink with “V 150” on one face. Each tablet 
contains 150 mg of Ivacaftor drug substance, and has a total target weight of 567 mg.  
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2.6 Proposed Clinical Population and Dosing Regimen 
Ivacaftor is indicated for patients 6 years old with cystic fibrosis and have a G551D 
mutation in the CFTR gene. Ivacaftor will be administered at dose of 150 mg q12hr. 
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Methods 
Strains: Salmonella typhimurium tester strains 

TA98, TA100, TA1535 and TA1537 and 
Escherichia coli tester strain WP2 uvrA

 Concentrations in definitive study: The confirmatory test was conducted with 
doses of 50, 150, 500, 1500 and 5000 μg per 
plate. 

Basis of concentration selection: An initial toxicity-mutation test was 
conducted with doses of 1.5, 5, 15, 50, 150, 
500, 150, and 5000 μg/plate. A non-
interfering precipitate was observed at 
doses  150 μg/plate. For tester strains, 
TA100, TA1535, TA1537 and WP2 uvrA in 
the presence and absence of S9 activation, 
no mutagenic responses or appreciable 
toxicity were observed. Due to 
unacceptable vehicle control values, tester 
strain TA98 in the presence and absence of 
S9 activation was not evaluated for 
mutagenicity, but was retested based on 
precipitate and toxicity profiles observed. 
No mutagenic responses or appreciable 
toxicity were observed. Precipitate was 
observed at doses  150 μg/plate. 

Negative control: DMSO 
Positive control: - 2-aminoanthracene at 1.0 μg/plate 

for TA98, TA1535, and TA1537, 2.0 
μg/plate for TA100, and 10 μg/plate 
for WP2uvrA 

- 2-nitrofluorene at 1.0 μg/plate for 
TA98 

- Sodium azide at 1.0 μg/plate for 
TA100 and TA1535 

- 9-aminoacridine at 75 μg/plate for 
TA1537 

- Methylmethanesulfonate at 1000 
μg/plate for WP2uvrA 

Formulation/Vehicle: DMSO 
Incubation & sampling time: The plate incorporation method was used in 

this study. Aroclor 1254-induced rat liver S9 
was used as the metabolic activation 
system. The S9 was prepared from male 
Sprague-Dawley rats induced with a single 
intraperitoneal injection of Aroclor 1254, 
500 mg/kg, five days prior to sacrifice. The 
S9 was prepared by and purchased from 
MolTox (Boone, NC). Each bulk preparation 
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of S9 was assayed for its ability to 
metabolize at least two promutagens to 
forms mutagenic to Salmonella typhimurium 
TA100. The S9 mix was prepared 
immediately before its use and contained 
10% S9, 5 mM glucose-6-phosphate, 4 mM 

-nicotinamide-adenine dinucleotide 
phosphate, 8 mM MgCl2, and 33 mM KCl in 
a 100 mM phosphate buffer at pH 7.4. The 
plates were inverted and incubated for 
approximately 48 to 72 hours at 37±2°C. 
Plates were counted with either manually or 
with an automated plate counter. The 
condition of the bacterial background lawn 
was evaluated for evidence of test article 
toxicity by using a dissecting microscope. 
Precipitate was evaluated by visual 
examination without magnification. 

 
Study Validity: The test article was tested up to the limit dose of 5000 μg/plate in the 
presence and absence of S9. Positive controls in the presence and absence of S9 
produced expected increases in revertant colony counts. Revertant colony counts with the 
vehicle were within acceptable ranges based upon published and laboratory historical 
control ranges. The concentration of S9 at 10% was acceptable. Concentrations of the test 
articles in solution were within acceptable ranges of nominal concentrations. 
 
Results: For the test article to be evaluated positive, it must cause a dose-related 
increase in the mean revertants per plate of at least one tester strain over a minimum of 
two increasing concentrations of test article. Data sets for tester strains TA1535 and 
TA1537 were judged positive if the increase in mean revertants at the peak of the dose 
response is greater than or equal to 3.0-times the mean vehicle control value. Data sets 
for tester strains TA98, TA100 and WP2 uvrA were judged positive if the increase in 
mean revertants at the peak of the dose response is greater than or equal to 2.0-times 
the mean vehicle control value. 
 
The confirmatory test was conducted with doses of 50, 150, 500, 1500 and 5000 μg per 
plate. A non-interfering precipitate was observed at doses 150 μg/plate. For tester 
strains, TA98, TA100, TA1535, TA1537 and WP2 uvrA in the presence and absence of S9 
activation, no mutagenic responses or appreciable toxicity were observed. VRT-1039483 
at doses up to 5000 μg/plate ± S9 was negative in the in vitro bacterial reverse mutation 
assay. 
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Negative control: DMSO 
Positive control: - 2-aminoanthracene at 1.0 μg/plate 

for TA98, TA1535, and TA1537, 2.0 
μg/plate for TA100, and 10 μg/plate 
for WP2uvrA 

- 2-nitrofluorene at 1.0 μg/plate for 
TA98 

- Sodium azide at 1.0 μg/plate for 
TA100 and TA1535 

- 9-aminoacridine at 75 μg/plate for 
TA1537 

- Methylmethanesulfonate at 1000 
μg/plate for WP2uvrA 

Formulation/Vehicle: DMSO 
Incubation & sampling time: The plate incorporation method was used in 

this study. Aroclor 1254-induced rat liver S9 
was used as the metabolic activation 
system. The S9 was prepared from male 
Sprague-Dawley rats induced with a single 
intraperitoneal injection of Aroclor 1254, 
500 mg/kg, five days prior to sacrifice. The 
S9 was prepared by and purchased from 
MolTox (Boone, NC). Each bulk preparation 
of S9 was assayed for its ability to 
metabolize at least two promutagens to 
forms mutagenic to Salmonella typhimurium 
TA100. The S9 mix was prepared 
immediately before its use and contained 
10% S9, 5 mM glucose-6-phosphate, 4 mM 

-nicotinamide-adenine dinucleotide 
phosphate, 8 mM MgCl2, and 33 mM KCl in 
a 100 mM phosphate buffer at pH 7.4. The 
plates were inverted and incubated for 
approximately 48 to 72 hours at 37±2°C. 
Plates were counted with either manually or 
with an automated plate counter. The 
condition of the bacterial background lawn 
was evaluated for evidence of test article 
toxicity by using a dissecting microscope. 
Precipitate was evaluated by visual 
examination without magnification. 

 
Study Validity: Both test articles were tested up to the limit dose of 5000 μg/plate in the 
presence and absence of S9. Positive controls in the presence and absence of S9 
produced expected increases in revertant colony counts. Revertant colony counts with the 
vehicle were within acceptable ranges based upon published and laboratory historical 
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Appendix 1. Emails from the ONDQA Reviewer, Dr. Arthur Shaw requesting 
consultations  
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Appendix 2. Pharmacology and Toxicology Review of IND 74,633 dated February 22, 
2010 

Reference ID: 3072191

APPEARS THIS WAY 
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
IND number:  74633
Review number:  08
Sequence number/date/type of submission:   
SN085/August 18, 2009/Non-clinical Information 
Information to sponsor: Yes () No (X) 
Sponsor and/or agent:   Vertex Pharmaceuticals Incorporated 
 130 Waverly Street 
 Cambridge, MA 02139 
 
Reviewer name:  Jean Q. Wu   
Division name:  Division of Pulmonary and Allergic Products   
HFD #:  HFD-570
Review completion date:  February 22, 2010   
  
Drug:
 Trade name:  N/A 
 Generic name:  N/A 
 Code name:  VX-770 (VRT-813077)   

Chemical name:  N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-
oxoquinoline-3-carboxamide 

 CAS registry number:  N/A 
 Molecular formula/molecular weight: C24H28N2O3/392.49 
 Structure: 

   
 
Relevant INDs/NDAs/DMFs:  None 
 
Drug class:  potentiator of chloride ion transport through CFTR chloride ion channel 
 
Intended clinical population:  patients with cystic fibrosis 
 
Clinical formulation:   
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4  

to 6-month in rats and 12-month in dogs have been submitted and supported the on-going 
phase 3 clinical studies with doses of VX-770 up to 150 mg q12h. From the original IND, 
three genotoxicity studies of VX-770 (Bacterial Reserve Mutation Assay, In Vitro 
Mammalian Chromosome Aberration Test and Mammalian Erythrocyte Micronucleus 
Test) were negative. 
  
In this application, the sponsor submitted the genotoxicity assays of several potential 
impurities in the process of their drug development. No new clinical protocol was 
submitted. These genotoxicity assays are reviewed herein.  
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Positive controls:  See the table listed below. 

Incubation and sampling times:  The test system was exposed to the test article via the 
plate incorporation methodology. Six dose levels of test article along with appropriate 
vehicle control and positive controls were plated with overnight cultures of the test 
strains on selective minimal agar in the presence and absence of Aroclor-induced rat liver 
S9. All dose levels of test article, vehicle control and positive controls were plated in 
triplicate. The plates were incubated for approximately 48-72 hours at 37±2 ºC.  

Results

Study validity (comment on replicates, counting method, criteria for positive results, 
etc.):   
 
Two replicates per dose for initial toxicity-mutation assay and three replicates for 
definitive assay were used. Revertant colonies for a given tester strain and activation 
condition, except for positive controls were counted either entirely by automated colony 
counter or entirely by hand unless the plate exhibited toxicity.  
 
The criteria listed below were considered reasonable and were met.  

“ … All cultures must demonstrate the characteristic mean number of 
spontaneous revertants in the vehicle controls as follows (inclusive): TA98, 10 - 
50; TA100, 80 - 240; TA1535, 5 - 45; TA1537, 3 - 21; WP2 uvrA, 10 - 60. To 
ensure that appropriate numbers of bacteria are plated, tester strain culture titers 
must be greater than or equal to 0.3x109 cells/mL. The mean of each positive 
control must exhibit at least a 3.0-fold increase in the number of revertants over 
the mean value of the respective vehicle control. A minimum of three non-toxic 
dose levels is required to evaluate assay data. A dose level is considered toxic if 
one or both of the following criteria are met: (1) A >50 % reduction in the mean 
number of revertants per plate as compared to the mean vehicle control value. 

Table 3.0-1  

Strain  S9 
Activation Positive Control  Concentration 

(μg/plate) 

All Salmonella Strains  1.0 

WP2 uvrA  
Rat  

2-aminoanthracene  10 

TA98  2-nitrofluorene  1.0 

TA100, TA1535  
sodium azide  

1.0 

TA1537  
9-aminoacridine  

75 

WP2 uvrA  

None 

methyl methanesulfonate 
1,000 
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Drug, lot #, and % purity:  lot# 16QB07005.HQ 00001, purity 100% 
Methods 
Strains/species/cell line:    
Chinese hamster ovary (CHO-K1) cells (repository number CCL 61) ± an Aroclor-
induced S9 activation system 
 
Doses used in definitive study:   

 
 
Doses selected for microscopic analysis: 
Dose levels of 10, 35 and 75 μg/mL were used for the 4-hour exposure +S9 group. 
Dose levels of 100, 250 and 550 μg/mL were used for the 4-hour exposure –S9 group. 
Dose levels of 10, 15 and 35 μg/mL were used for the 20-hour exposure –S9 group. 
 
Basis of dose selection:   
 
DMSO was used as the solvent based on the solubility of the test article and compatibility 
with the target cells. The test article was soluble in DMSO at a maximum concentration 
of approximately 50 mg/mL in the solubility test.  
 
Dose levels for the chromosome aberration assay were selected following a preliminary 
toxicity test and were based upon a reduction of cell growth (cell growth inhibition) 
relative to the solvent control. In the preliminary toxicity assay, substantial toxicity (i.e., 
at least 50% cell growth inhibition, relative to the solvent control) was observed at 1890 
μg/mL in the non-activated 4-hour exposure group, at dose levels  56.7 μg/mL in the 
S9-activated 4-hour exposure group, and at dose levels 18.9, 189, 567 and 1890 μg/mL in 
the non-activated 20-hour continuous exposure group. Based on the result of the 
preliminary assay, the dose levels were determined for the definitive study.
 
Negative controls:   DMSO 
 
Positive controls:  Mitomycin C was used as the positive control in the non-activated 
study at final concentrations of 0.1 and 0.2 μg/mL. Cyclophosphamide was used as the 
positive control in the S9-activated study at final concentrations of 10 and 20 μg/mL. 
 
Incubation and sampling times:  In the non-activated study, the cells were exposed to the 
test article for 4 hours or continuously for 20 hours up to the cell harvest at 37±1°C in a 
humidified atmosphere of 5±1% CO2 in air.  In the S9-activated study, the cells were 
exposed for 4 hours at 37±1°C in a humidified atmosphere of 5±1% CO2 in air. A 
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concurrent toxicity test was conducted ± S9 activation. The presence of test article 
precipitation was assessed using the unaided eyes. Cell viability was determined by 
trypan blue dye exclusion.  

Results

Study validity (comment on replicates, counting method, criteria for positive results, 
etc.):   
The initial and repeat chromosome aberration assays were performed using standard 
procedures by exposing duplicate cultures of CHO cells to the test article as well as 
positive and solvent controls. At approximately 20 hours after initiation of treatment, 
cells were harvested by trypsinization and counted using a Coulter counter. 
 
The percentage of cells in mitosis per 500 cells scored (mitotic index) was determined for 
each treatment group. Slides were coded using random numbers by an individual not 
involved with the scoring process. Metaphase cells with 20±2 centromeres were 
examined under oil immersion without prior knowledge of treatment groups. Whenever 
possible, a minimum of 200 metaphase spreads (100 per duplicate flask) were examined 
and scored for chromatid-type and chromosome-type aberrations. 
 
The selection of dose levels for analysis of chromosome aberrations in CHO cells was 
based upon toxicity of the test article. The highest dose level selected for evaluation was 
the dose which induced at least 50% toxicity, as measured by cell growth inhibition, 
relative to the solvent control, with a sufficient number of scorable metaphase cells. In 
treatment groups with lack of 50% reduction in cell growth or due to lack of a dose level 
with close to 50% reduction in cell growth, selection of doses for microscopic analysis 
was based on mitotic index (the lowest dose with at least 50% reduction in mitotic index). 
Two additional lower dose levels were included in the evaluation. 
 
The toxic effects of treatment were based upon cell growth inhibition relative to the 
solvent-treated control and are presented for the toxicity and aberration studies. The 
number and types of aberrations found, the percentage of structurally and numerically 
damaged cells (percent aberrant cells) in the total population of cells examined, and the 
mean aberrations per cell were calculated and reported for each treatment group. 
Chromatid and isochromatid gaps are presented in the data but are not included in the 
total percentage of cells with one or more aberrations or in the frequency of structural 
aberrations per cell. 
 
The test article was considered to induce a positive response when the percentage of cells 
with aberrations is increased in a dose-responsive manner with one or more 
concentrations being statistically significant (p 0.05). However, values that are 
statistically significant but do not exceed the range of historical solvent controls may be 
judged as not biologically significant. 
 
The positive and solvent controls fulfilled the requirements for a valid test which is listed 
in the following: 
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The frequency of cells with structural chromosome aberrations in the solvent 
control must be in the range of the historical control. The percentage of cells with 
chromosome aberrations in the positive control must be statistically increased 
(p 0.05) relative to the solvent control.  

Study outcome:   
In the initial chromosome aberration assay, the test article formed a workable suspension 
in DMSO at concentrations  25 mg/mL and concentrations  12.5 mg/mL were soluble 
in DMSO. Visible precipitate was observed in treatment medium at dose levels 250 
μg/mL and dose levels  100 μg/mL were soluble in treatment medium at the beginning 
and conclusion of the treatment period.  
 
As shown in the table below, toxicity of  in CHO cells when treated for 4 
hours in the presence of S9 activation was 51% at 75 μg/mL, the highest test 
concentration evaluated for chromosome aberrations. The mitotic index at the highest 
dose level evaluated for chromosome aberrations, 75 μg/mL, was 17% reduced relative to 
the solvent control. Selection of doses for microscopic analysis was based on toxicity (the 
lowest dose with at least 50% reduction in cell growth and two lower doses). The 
percentage of cells with structural aberrations in the S9-activated 4-hour exposure group 
was statistically increased relative to solvent control at 75 μg/mL. However, the 
percentage of cells with structural aberrations at 75 μg/mL (4.0%) was within the 
historical solvent control range of . Therefore, it was not considered to be 
biologically significant. The percentage of cells with numerical aberrations in the S9-
activated 4-hour exposure group was not significantly increased relative to solvent 
control at any dose level (p>0.05, Fisher's Exact test). 

 
As shown in the table above, toxicity of  in CHO cells when treated for 20 
hours in the absence of S9 activation was 46% at 35 μg/mL, the highest test concentration 
evaluated for chromosome aberrations. The mitotic index at the highest dose level 
evaluated for chromosome aberrations, 35 μg/mL, was 50% reduced relative to the 
solvent control. Selection of doses for microscopic analysis was based on mitotic index 
(the lowest dose with at least 50% reduction in mitotic index and two lower doses). The 
percentage of cells with structural or numerical aberrations in the test article-treated 
group was not significantly increased relative to solvent control at any dose level. 
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Incubation and sampling times:  The test system was exposed to the test article via the 
plate incorporation methodology. The selected doses of each test article along with 
appropriate vehicle control and positive controls were plated with overnight cultures of 
the test strains on selective minimal agar in the presence and absence of Aroclor-induced 
rat liver S9. All dose levels of test article, vehicle control and positive controls were 
plated in triplicate. The plates were incubated for approximately 48-72 hours at 37±2 ºC.  

Results

Study validity (comment on replicates, counting method, criteria for positive results, 
etc.):   
 
Two replicates per dose for initial toxicity-mutation assay and three replicates for 
definitive assay were used. Revertant colonies for a given tester strain and activation 
condition, except for positive controls were counted either entirely by automated colony 
counter or entirely by hand unless the plate exhibited toxicity.  
 
The criteria listed below were considered reasonable and were met.  

“ … All cultures must demonstrate the characteristic mean number of 
spontaneous revertants in the vehicle controls as follows (inclusive): TA98, 10 - 
50; TA100, 80 - 240; TA1535, 5 - 45; TA1537, 3 - 21; WP2 uvrA, 10 - 60. To 
ensure that appropriate numbers of bacteria are plated, tester strain culture titers 
must be greater than or equal to 0.3x109 cells/mL. The mean of each positive 
control must exhibit at least a 3.0-fold increase in the number of revertants over 
the mean value of the respective vehicle control. A minimum of three non-toxic 
dose levels is required to evaluate assay data. A dose level is considered toxic if 
one or both of the following criteria are met: (1) A >50 % reduction in the mean 
number of revertants per plate as compared to the mean vehicle control value. 
This reduction must be accompanied by an abrupt dose-dependent drop in the 

Table 3.0-1  

Strain  S9 
Activation Positive Control  Concentration 

(μg/plate) 

All Salmonella Strains  1.0 

WP2 uvrA  
Rat  

2-aminoanthracene  10 

TA98  2-nitrofluorene  1.0 

TA100, TA1535  
sodium azide  

1.0 

TA1537  
9-aminoacridine  

75 

WP2 uvrA  

None 

methyl methanesulfonate 
1,000 
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revertant count. (2) At least a moderate reduction in the background lawn 
(background code 3, 4 or 5).” 

 
The vehicle and positive control values in the presence and absence of S9 activation were 
within the acceptable range. 
 
No contaminant colonies were observed on the sterility plates for the vehicle control, the 
test article dilutions and the S9 and Sham mixes. 
 
For the test article to be evaluated positive, it must cause a dose-related increase in the 
mean revertants per plate of at least one tester strain over a minimum of two increasing 
concentrations of test article. Data sets for tester strains TA1535 and TA1537 were 
judged positive if the increase in mean revertants at the peak of the dose response is equal 
to or greater than 3.0-times the mean vehicle control value. Data sets for tester strains 
TA98, TA100 and WP2 uvrA were judged positive if the increase in mean revertants at 
the peak of the dose response is equal to or greater than 2.0-times the mean vehicle 
control value.  
 
Taken together all the data collected, the review considered that the study was valid.  
 
Study outcome:   
 
In the definitive assay of , no positive mutagenic responses were observed 
with any of the tester strains in either the presence or absence of S9 activation. Precipitate 
was observed beginning at 150 or 1500 μg per plate. No background lawn toxicity was 
observed but reductions in revertant counts (>50%) were observed beginning at 1500 μg 
per plate (with the strains TA1535 and TA1537 in the presence of S9 activation and 
TA98 in the absence of S9 activation) or at 5000 μg per plate with strain TA98 in the 
presence of S9 activation. 
 
In the definitive assay of , no positive mutagenic responses were observed 
with any of the tester strains in either the presence or absence of S9 activation. Precipitate 
was observed beginning at 500, 1500 or at 5000 μg per plate. Moderately reduced 
background lawn (code 3) was observed at 1500 μg per plate in strain TA1537 in the 
presence of S9 activation. Significant reductions in revertant counts (>50%) were 
observed beginning at 1500 μg per plate (with all strains in the presence of S9 activation, 
except TA100) or at 5000 μg per plate (with strains TA1537 and WP2uvrA in the 
absence of S9 activation). 
 
In the definitive assays of (Experiment B2 and B3), no positive mutagenic 
responses were observed with any of the tester strains in either the presence or absence of 
S9 activation. In the original definitive assay (Experiment B2), precipitate was observed 
beginning at 500, 750 or 1500 μg per plate. Moderately reduced background lawn (code 
3) was observed beginning at 150 μg per plate in strain TA1537 in the absence of S9 
activation. Significant reductions in revertant counts (>50%) were observed beginning at 
1500 μg per plate (with strains TA1535 and TA1537 in the presence of S9 activation or at 
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Appendix 3. Pharmacology and Toxicology Review of IND 74,633 dated March 6, 2010 

Reference ID: 3072191

APPEARS THIS 
WAY ON ORIGINAL











































































NDA 203-188                                     Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 

41 

Appendix 4. Pharmacology and Toxicology Review of IND 74,633 dated March 21, 2011 
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and high dose male groups, respectively. The increased incidence in the mid dose 
group was statistically significant (p = 0.01) by Fisher's exact test. The increased 
mortality in the high dose group may have reduced the observed incidence of renal 
tumors. The incidence of renal tubule hyperplasia was elevated in all treatment groups. 
Although no renal (or other) tumors were observed in female rats, the incidence of renal 
hyperplasia was significantly elevated in the high dose group. No renal tubule adenoma 
or carcinoma was observed in 227 control male rats in the four studies comprising the 
recent NTP historical control database for drinking water studies indicating the rarity of 
these neoplasms in male rats. The pathogenesis of proliferative lesions of renal tubule 
epithelium is thought to proceed from hyperplasia to adenoma to carcinoma (Cirvello et 
al., 1995). The incidence of renal tubule hyperplasia, adenoma and carcinoma was 
increased in all treated male groups.  
 
Additional findings in male treatment groups included increased incidence and severity 
of transitional cell hyperplasia and mineralization at the mid and high doses.  
 
Additional findings in female treatment groups included suppurative inflammation at the 
mid and high doses, transitional cell hyperplasia at the high dose, and increased 
severity of nephropathy at all doses. The relevance of chronic progressive nephropathy 
to humans is questionable although the increased severity at the low dose was slight. 
 

Table 1 Kidney lesions in male rats 
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Table 4 Thyroid lesions in mice 

 
 

Table 5 Urinary bladder lesions in mice

 
 
Administration of resulted in a significant increase in benign follicular cell 
adenomas in female mice and only in the highest dose group. In male mice, the 
incidence of follicular cell adenomas alone or in combination with carcinomas were not 
statistically significantly increased above control values even when survival differences 
were also considered. The incidence of follicular cell hyperplasia was increased in all 
dose groups in males; however, the response was not dose-related and did not 
apparently progress to adenomas. Hyperplasia was significantly increased in the two 
highest dose groups in females with the incidence of adenomas following the same 
pattern as that seen with the hyperplasia. The lack of a response in other tissues 
suggests a focused effect on some part of the thyroid-pituitary axis. The possible ways 
in which the thyroid-pituitary axis can be disturbed are likely processes that have 
thresholds, that is, a certain amount of disruption would be required before feedback 
loops result in sustained TSH stimulation of follicular cells resulting in the biological 
cascade of cell proliferation, hyperplasia, and neoplasia (USEPA 1998). The pattern of 
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sensitive to the induction of thyroid cancer as rodents; therefore, an uncertainty factor of 
1 was applied to account for species differences in pharmacodynamics. This was a 
conservative approach when tumors arise by way thyroid-pituitary disruption, as rodents 
were judged to be much more sensitive to this effect than humans (USEPA 1998). An 
uncertainty factor for intraspecies extrapolation (UHh) was considered. This factor takes 
into account the variability in both kinetics and sensitivity within human populations. In 
the unlikely event that these mouse thyroid tumors are relevant to people and a mode of 
action involving thyroid-pituitary disruption is also operative in people, the default 
uncertainty factor of 10 was applied. An uncertainty factor of 1 was used for UFsub, 
study duration. When chronic study data is not available and subchronic study data are 
used instead, an UFsub of 10 is applied. The POD was developed from a 2-year chronic 
study. An uncertainty factor for Data Base limitations (UFdb) was considered. While it is 
assumed that the thyroid tumors result from a progression from hyperplasia to 
adenomas, the mode of action is not known with certainty. This could be viewed as a 
data base limitation; however, it is expected that hyperplasia is the key precursor event 
and because it produced the lowest POD, an additional uncertainty factor of 10 was not 
applied. An uncertainty factor of 10 for data base limitations was deemed reasonable 
because there is a lack of a two-generation reproductive study. This was reasonable 
because essentially the RfD was based on non-cancer, precursor data. It was uncertain 
if  would also be a reproductive toxicant, as are  at doses that 
could result in a lower RfD. The resulting RfD was 220 μg/kg/day (22 mg/kg/day/100). 
This was equivalent to a drinking water concentration of 8 mg/L. 

Table 8 Benchmark modeling for follicular cell hyperplasia in male and female 
mice in the 2-year chronic bioassay 
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(10/sex/group) exposed to drinking water concentrations of 0, 2.5, 5, 10, 20, or 
  for 92 to 94 (rats) or 94 to 95 (mice) consecutive days  

Parameters evaluated were the same as those in  Results showed no 
significant differences in the reproductive endpoints of male or female rats or male mice 
evaluated or in estrous cycle length or percentage of time spent in various stages. 
 

 performed vaginal cytology and sperm morphology evaluations in F344/N 
rats and B6C3F1 mice (10/sex/group) exposed to  air concentrations of 0, 540, 
1080 or 2100 ppm for 6 hours plus T90 per day, 5 days per week, for 13 weeks, with at 
least 2 consecutive exposure days prior to sacrifice. Parameters evaluated in the males 
included testis, epididymal, and caudal weight, sperm motility, sperm count, and sperm 
morphology. Females were evaluated for estrous cycle length or the percentage of time 
spent in the various estrous stages. The evaluations were performed at the end of the 
exposure and results showed no significant differences in the reproductive endpoints of 
male or female rats or mice. 
 
 

Reference ID: 2921123
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1 Executive Summary 
A battery of reproductive and developmental toxicity studies of VX-770 were 
completed in rats and rabbits. These studies evaluated the effect of VX-770 on 
fertility in rats, teratogenicity in rats and rabbits, and peri- and post-natal 
development in rats. Results showed that VX-770 at 200 mg/kg/day decreased 
fertility indices in males and females in rats, but the drug was non-teratogenic in rats 
and rabbits.  VX-770 had no effects on peri and post-natal development in rats.  The 
NOAEL of VX-770 for reproductive toxicity was 100 and 25 mg/kg/day in rat and 
rabbits, respectively.   

 

2 Drug Information 
VX-770. See the nonclinical original NDA review for additional information. 
 

3 Studies Submitted 

3.1 Studies Reviewed  
 

Study No. Description Location 
in EDR 

VX-770-TX-008 Fertility study in rats 4.2.3.5 
VX-770-TX-006 Teratology study in rats 4.2.3.5 
VX-770-TX-007 Teratology study in rabbits 4.2.3.5 
VX-770-TX-009 Peri-natal/post natal developmental toxicity study in rats, 

including a postnatal behavioral/functional evaluation 
4.2.3.5 

 

3.2 Studies Not Reviewed  
The following two studies were not reviewed because they do not provide any additional 
information in the nonclinical safety evaluations of VX-770.  The studies were non-GLP 
compliant dosing-ranging teratology studies in rats and rabbits. Fully GLP-compliant 
teratology studies in each species are available.  
Study No. Description Location in 

EDR 
VX-770-TX-003 Dosage-ranging teratology study in rats (non-GLP, 

oral gavage) 
4.2.3.5 

VX-770-TX-005 Dosage-ranging teratology study in rabbits (non-
GLP, stomach tubing) 

4.2.3.5 

 

9 Reproductive and Developmental Toxicology 
A battery of reproductive and developmental toxicity studies of VX-770 were 
completed in rats and rabbits. These studies evaluated the effects of VX-770 on 
fertility in rats (Report VX-770-TX-008), teratogenicity in rats and rabbits (Reports 

Reference ID: 3067676

















NDA No 203,188                               Pharmacology/Toxicology Review                                Reviewer: Luqi Pei, Ph.D. 
 

11 

a dose error (esophagus perforation). The death was not considered treatment-related. 
Also, necropsy found that the rat was non-pregnant. 

Clinical signs: Clinical signs were observed twice daily. The MD and HD dams showed 
statistically significant increases in the incidence of rales and salivations (Table 6). The LD 
dams showed a slight but statistically non-significant increase in the mean incidence of 
rales.  
 

Table 6: Clinical Observations in Dams in Rat Teratology Study 

 
Body weight: Body weights were measured daily. The HD dams showed statistically 
significant decreases (P < 0.01) in mean body weights and weight gains (Table 7). Figure 2 
shows the mean body weight changes during the study. Specifically, the mean body weight 
of the HD group at GD 18 was 8.6% lower than the control. The decreases in body weight 
gains were 16% and 38% in the MD (P < 0.05) and HD (P < 0.01) groups, respectively 
(Table 7). 

 
Figure 2: Mean body weight as a function of time in rat teratology study 

Food consumption: Food consumption was measured every 3 days. The MD and HD 
group dams showed statistically significant decreases (P < 0.01) in mean food consumption 
(13.1 – 23.4%) during the treatment period.  
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Table 7: Maternal and Fetal Observations in Rat Teratology Study 

 

Stability and homogeneity: Stability and homogeneity data showed the testing formulation 
was stable. VX-770 concentrations in the formulations were within acceptable range. 

Necropsy: Necropsy was performed on GD 21. No treatment-related effects were 
observed.  

C-Section and litter observations: The HD group showed statistically significant lower 
mean fetal weights than control (p < 0.05, Table 7). The mean fetal weight was slightly 
lower than the historic control value of the laboratory. No treatment-related effects were 
observed in the following parameters: numbers of corpora lutea and implantations, litter 
sizes, live fetuses, early and late resorptions, the percentage of resorbed conceptuses, and 
sex ratios.  

Fetal Malformations: No treatment-related malformations were observed in gross, visceral 
and skeletal examinations.  

Fetal Variations: The MD and HD groups show increases incidences (  29.2%) of skeletal 
variations (Table 7).  These variations were located in cervical vertebrae and ribs (wavy and 
incomplete ossification) and central sternum (asymmetric, incompletely ossified or fussed).  

Toxicokinetics: Plasma VX-770 levels were determined on GDs 7 and 17 at 0.5, 1, 2, 8 
and 24 hours post dosing. Dose-related increases in plasma AUC and Cmax were observed 
on both days.  There was significant accumulation of the drug between days 7 and 17. For 
example, the AUC in the LD group was 64.1 and 205.2 g.h/mL on days 7 and 17, 
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Deliveries: No treatment-related effects were observed. One doe each in C, MD and DH 
groups delivered early on the day of scheduled sacrifice.  The incidence was within the 
background numbers of the testing facility.  

Clinical signs: Clinical signs were observed twice daily. Clinical signs occurred mostly in 
the MD and HD groups (Table 11, previous page). These included scant feces, soft or liquid 
feces, red substance in cage pan, pale extremities, and red peri-vaginal substances. Slight 
increases in the incidence of feces abnormalities were also observed in the LD group.  

Stability and homogeneity: Stability and homogeneity data showed the testing formulation 
was stable. VX-770 concentrations in the formulations were within acceptable range. 

Necropsy: Necropsy was performed on DG 29. The HD group showed abnormalities in a 
number of organs at necropsy.  These abnormalities included yellow thymus, pale heart and 
red gelatinous material in the reproductive organs (Table 11).  

Body weight: Body weights were measured daily. The MD and HD groups showed 
statistically significant and dose-dependent weight losses (P < 0.05) during the treatment 
period (Table 11). Figure 3 shows the mean body weight changes during the study. 
Specifically, the mean weight loss during the period of GDs 7 – 20 was 0.02 and 0.06 kg in 
the MD and HD groups, respectively. Recovery of body weights occurred after dosing was 
completed (GDs 21-29). 

 
Figure 3: Mean body weight as a function of time in rabbit teratology study 

Food consumption: Food consumption was measured daily. Dose-dependent decreases 
in food consumption were observed in all treatment groups; however, only did the HD group 
show persistent and statistically significant decreases (up to 53%, P < 0.01) in the period of 
DGs 7 – 20 (Table 11). The MD group occasionally showed statistically significant 
decreases (P < 0.05) in mean food consumption during the treatment period.  

C-Section data: C-section was performed on DG 29. No treatment-related effects were 
observed. Dose-dependent increases in mean pre-implantation losses were observed in all 
treatment groups; however, none of the increases reaches statistical significance (Table 12). 
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Specifically, the mean pre-implantation loss was 2.5%, 10.0%, 11.4% and 13.8% in the C, 
LD, MD and HD groups, respectively.  

Table 12: Maternal and Fetal Observations in Rat Teratology Study 
 

Offspring data: 
Fetal Malformations: No treatment-related malformations were observed in gross, visceral 
and skeletal examinations.  

Fetal Variations: No treatment-related variations were observed in gross, visceral and 
skeletal examinations.   

Toxicokinetics: Plasma VX-770 levels were determined on DGs 7 and 19 (at 0.5, 1, 2, 8 
and 24 hours post dosing). Dose-related increases in plasma AUC and Cmax were 
observed on both GD 7s and 19 (Table 13).  There were significant accumulations of the 
drug between days 7 and 19. For example, the AUC in the HD group was 128.9 and 337.6 
g.h/mL on days 7 and 19, respectively.  Similar trends were present in the LD and MD 

groups.      

Table 13: Toxicokinetic Profile of VX-770 in Pregnant Rabbits 

 
 

Evaluations: This study was adequate in evaluating the teratogenicity of VX-770 in rabbits.  
Dosing selection of VX-770 and parameters of evaluations were acceptable.  Maternal toxic 
doses were achieved at 50 and 100 mg/kg/day doses. No malformations or variations were 
observed in any doses. The NOAEL for maternal toxicity was 25 mg/kg/day. The NOAEL for 
fetal effect was 100 mg/kg/day.  
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Clinical signs: Clinical observations were made twice daily. All treatment groups showed 
slightly but statistically non-significant increases in the incidence of rales during the 
gestation period (Table 16).  Rales were identified as the treatment-related sign in previous 
reproductive studies (VX-770-TX-008 and VX-770-TX-006).     
 

Table 16: Summary Findings of F0 Generation in Segment III Study in rats 
VX-770 (mg/kg/day) 0 50 100 200 
No. evaluated 25 25 25 25 
Pregnant # 24 23 23 24 
No. died or sacrificed moribund 0 0 0 2 
No. aborted or with total resorption of litter 0 0 0 0 
Clinical observations during gestation (Rales) 3/1 8/4 7/6 7/5 
Necropsy observations (n dams) 0 0 0 0 
Body weight (%), GD 20  371.5g  1.9% 0.3% 6.6%** 
   LAD 21  324.3g 2.2% 2.1% 0.7% 
Body weight change (%), GD 0 – 20 142.7g  5% 1%  17%** 
   LAD 1 – 20 35.2G 8.0% 53.1%** 65.3%** 
Food consumption (%), GD 7 - 20 75 g/k/d 2.7% 6.0%** 9.5%** 

LAD 1 - 14 159 g/k/d 0%  2.3% 0.6% 
Mean duration of gestation (day) 22.4 22.3 22.4 22.4 
No. of dams with stillborn pups (%) 0 (0%) 2 (8.7%) 2 (8.7%) 3 (14.3%) 
No. of dams with no live pups 0 0 0 0 

  

Body weight: Body weights were measured daily. The HD dams showed decreases in body 
weight and/or weight gains during gestation days 7-20 as compared to the control (Figure 4 
and Table 16). The body weight returned to normal by the end of the lactation period. 

Figure 4: Body weight in F0 generation in the Segment III Study in Rats 

Food consumption: Food consumption was measured every three days during the 
gestation period and weekly after delivery. The MD and HD dams showed decreases in food 
consumption during the gestation period. The mean food consumption of the MD and HD 
was 6.0% and 9.5% lower that the controls for the period of GD 7 – 20, respectively. 
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Uterine Content: No treatment-related effects were observed.  

Necropsy observations:  No treatment-related effects were observed. 

Stability and homogeneity: Stability and homogeneity data showed the testing formulation 
was stable. VX-770 concentrations in the formulations were within acceptable range. 

 

F1 Generation 
Survival: Survival was checked daily.  The HD pups showed statistically significant more 
deaths (p  0.01) between days 2 to 4 postnatal days (PND) 2 – 4, but the overall viability 
and lactation indices were not statistically significant.  The respectively parameters in the C, 
LD, MD and HD groups were 99.7%, 99.7%, 97.8% and 92.0% in viability index; and 99.7%, 
99.7%, 99.4% and 97.7% in lactation index. 

Clinical signs: Clinical signs were checked daily. No treatment-related effects were 
observed.  

Body weight: Body weights were measured on day PNDs 1 (day of birth), 7, 14 and 21 of 
the pre-weaning period.  The HD pups showed decreases in mean body weights (Figure 5). 
The mean pup weight per litter of the HD group on PND 21 was 14.9% lower than the 
control (P < 0.01, Table 17). The decreases in male pups were statistically significant 
throughout the study. The decreases in the female pups reached statistically significance 
only in the first 4 weeks of postnatal age.

Male Female 
Figure 5: Body weights in F1 generation in the 
                 Rat segment III study   

Table 17: PND Body Weight Gains in F1 Generation 
Male Female 

Control 200 mg/kg/day Control 200 mg/kg/day 
Body weight gains, PND 1 - 8   34.0 g  11.2%** 
  PND 1 – 71 458.3 g  9.9% **   
  PND 1 to pre-cohabitation 479.8 g  9.8% ** 237.0 g  6.0% 
  PND 1 - termination 550.1 g  10.1% **   
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Physical development: No treatment-related effects were observed in sexual 
developmental landmarks (days of preputial separation and vaginal opening). Females were 
evaluated for the day of vaginal opening starting from PND 28. Males were evaluated for 
the days of preputial separation starting from PND 39.  

Neurological assessment: No treatment-related effects were observed in the passive 
avoidance test and watermaze test.  Passive avoidance test was performed starting on 
PND 24.  The test consisted of learning, short-time retention and long-time retentions. The 
passive avoidance apparatus consisted of a two-compartment chamber with hinged 
Plexiglas® lids. Each rat was tested twice with a 1-week interval between the tests.  The 
watermaze test was started PND 70.  The test assessed overt coordination, swimming 
ability, learning and memory. Each rat was also tested twice. There was a 1-week interval 
between the test sessions.  

Reproduction: No treatment-related effects were observed on mating and fertility 
parameters. Values for the number of days in cohabitation, the number of rats that mated, 
the fertility index, the number of rats with confirmed mating dates during each cohabitation 
period, and the number of pregnancies per number of rats in cohabitation were comparable 
among the four dosage groups. Cohabitation of F1 males and females (25/sex/dose, 1:1 
ratio/cage) started at age of 90 days. The cohabitation period lasted for a maximum 
duration of 17 days.   The females not mated with the first male in 14 days were allowed to 
cohabitate with another male of the same group for 3 additional days.  

No treatment effects were observed effects were observed on litter averages for corpora 
lutea, implantations, litter sizes, live fetuses, early and late resorptions, fetal body weights, 
the percentage of resorbed conceptuses, and the percentage of live male fetuses. Two HD 
dams (#1483 and 1496) each had two fused placenta.  

 

11 Summary and Safety Evaluation 
A battery of reproductive and developmental toxicity studies of VX-770 were completed in 
rats and rabbits. These studies evaluated the effect of VX-770 on fertility in rats, 
teratogenicity in rats and rabbits, and peri- and post-natal developments in rat. Results 
showed that VX-770 decreased fertility indices in males and females in rats, but the drug 
was non-teratogenic in rats and rabbits.  VX-770 had no effects on peri and post-natal 
development in rats.  The effect of the drug on fertility occurred at 200 mg/kg/day, but not at 
 100 mg/kg/day. Table 18 (next page) presents an overview of the pivotal reproductive 

toxicity studies of VX-770.    
 

Effects of VX-770 on Fertility and early embryofetal development 
 
Report VX-770-TX-008 evaluated the effect of VX-770 on fertility and early embryofetal 
development. Adult SD Rats (25/sex/dose) were dosed by oral gavage with 0, 50, 100 and 
200 mg/kg/day of VX-770 before and during the mating period. The treatment in females 
continued until GD 7.  The treatment duration before the mating period was 70 and 15 days 
in males and females, respectively. The mating period was up to 20 days. The mating 
period ended when sperm were detected in vagina smears. The mating period divided into 
two sub-periods.  The first period lasted for up to 15 days. Females that failed to mate with 
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its male partner in the first period were allowed to mate with an alternate male in the same 
dose group for a 2nd period of up to 5 days. The alternate male had successfully mated with 
another female earlier. The males were sacrificed at the end of the mating period for 
necropsy of the reproductive system and sperm evaluations. The females were sacrificed 
on GD 13 for evaluations of ovaries and uterine contents: implantations, pre- and post-
implantation losses and live fetus. 

Table 18 Reproductive and Developmental Toxicity Studies of VX-770 

Segment Species Time of Treatment VX-770 
(mg/kg/day) Major Findings Study # a   

I Rat , 
M + F 

M: 70 d prior to 
and through 
mating 

F: 15 d prior to 
mating - GD 7   

 
0 b, 50, 100, 

200 
 

Decreased fertility and 
mortality (males only) at 

200 mg/kg/day 

TOX-008 

II Rat, F GD 7 - 17 0, 50, 100, 
200 

Maternal toxicity and fetal 
skeletal variations at 100 

mg/kg/day 

TOX-006 

II Rabbit, F GD 7 - 19  0, 25, 50, 100 Abortions and maternal 
toxicity at  50 mg/kg/day 

No malformations or 
variations at any doses 

TOX-007 

III Rat GD 7 – LAD 20 0, 50, 100, 
200 

Decreased pup weight 
gain/growth at 200 

mg/kg/day 

TOX-009 

a. Each study number has a prefix of VX-770-. 
b. Vehicle control group.  The vehicle was an aqueous solution containing 0.5% sodium lauryl sulfate,  

0.5% methylcellulose and 0.01% simethicone. There studies used an identical vehicle.  
 
Most treatment-related effects, especially the effects on fertility and embryofetal 
developmental parameters in rats, were limited to the HD (200 mg/kg/day) groups. Both 
males and females in the HD group showed overt signs of toxicity.  Approximately one 
quarter of the HD males (6/25) died or was pre-maturely sacrificed during the study. The 
females showed statistically significant decreases (31.4%, p < 0.05) in mean body weight 
gains during the gestation period. Clinical signs in the group included rales, excessive 
salivation, and others. The fertility index was 52.6% (10/19, p < 0.01) and 54.6% (13/24, p < 
0.01) in HD males and females, respectively (vs.  90% for the in groups). All the HD males 
successful mated with its female partners during the cohabitation period, but only did about 
half of them were fertile.  The other respective fertility parameters in the control and HD 
groups was 6.5% and 54.6% in pre-implantation losses (p > 0.05), 14.5 and 4.4 in mean 
numbers of implantations (p < 0.01), 15.5 and 9.2 in mean numbers of corpora lutea (p < 
0.01), 13.7 and 3.5 in mean viable embryos (p < 0.01), 0 and 2 in number of dams with 
nonviable embryos (p < 0.01), and 1 and 5 in numbers of rats with 6 or more consecutive 
days of diestrus (p < 0.01).  Examinations of male reproductive organs and sperm analysis 
revealed no noticeable findings except for a 21.2% decrease in the mean organ weight of 
seminal vesicles (with fluid, p < 0.01).  

Findings in the LD and MD groups were generally limited to the males that showed similar 
clinical signs but with dose-related decreases in incidence and severity. One MD male was 
found dead during the study.   
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Results of the fertility study with rats showed that VX-770 decreases fertility in males and 
females at 200 mg/kg/day, but not at  100 mg/kg/day.  The applicant argued that the effect 
on VX-770 on fertility index was limited to the females. The reason was that the fertility 
index was comparable between males (52.6%) and females (54.6%). The argument is 
insufficient given the study design of pairing treated males with treated females. Additional 
information may be needed to support the applicant’s argument. Such information may be 
obtained by examining fertility parameters from treated females that mate with untreated 
males and visa versa. Based upon available information, the review can only determine that 
adverse effects on fertility occurred in both males and females. 
 

Embryo-fetal Developmental Studies 
 
Teratogenicity of VX-770 was evaluated in rats and rabbits.  Pregnant rats and rabbits were 
treated orally with VX-770 at up to maternal toxic doses during the organogenesis period.  
Results showed that the drug was non-teratogenic in either species.   
 
Report VX-770-TX-006 evaluated the effect of VX-770 on teratogenicity of VX-770 in rats. 
Pregnant SD Rats (25/sex/dose) were dosed by oral gavage with 0, 50, 100 and 200 
mg/kg/day of VX-770 during the period of GDs 7 - 17. Caesarean sections were performed 
on GD 21 for examinations of uterine contents.  Treatment-related effects were observed in 
the MD and HD groups. The effects included dose-related increases in the incidence and 
severity of clinical signs, decreases in body weights, weight gains, and food consumption in 
dams; and decreases in fetal body weights, and increases in the incidences and severity of 
skeletal variations in fetuses.  No malformations were observed in any of the treatment 
groups.  The clinical signs included rales and salivation.  The respective decreases in MD 
and HD group body weight gains were 16% (P < 0.01) and 38% (P < 0.01), and food 
consumption were 13.1 (P < 0.01) and 23.4% (P < 0.01).  The mean fetal weights were 
5.26, 5.26, 4.99 and 4.91 g/fetus in the C, LD, MD and HD (p < 0.05) groups, respectively.  
Skeletal variations were limited to cervical vertebrae, ribs and sternum (incomplete 
ossification and/or fused, up to 29.2%).  No treatment-related effects were observed in the 
LD group.  The respective mean AUCs in the LD, MD and HD groups was 64.1, 132.6 and 
203 g.h/mL on GD 7 and 205.2 g.h/mL, 331.8 g.h/mL and not determined on GD 17. 
This study showed that VX-770 was non-teratogenic in rats.  

Report VX-770-TX-007 evaluated the effect of VX-770 on teratogenicity of VX-770 in 
rabbits. Pregnant rabbits (25/sex/dose, New Zealand White, SPF) were dosed by oral 
gavage with 0, 25, 50, and 100 mg/kg/day of VX-770 during the period of GDs 7 - 19. 
Caesarean sections were performed on GD 29 for examinations of uterine contents.  
Treatment-related effects were observed in the MD and HD groups. The effects included 
dose-related increases in the incidence and severity of clinical signs, abortion, weight loss, 
and decreased food consumption in dams.  No fetal malformations or variations were 
observed in any of the treatment groups. The clinical signs included scant feces, soft or 
liquid feces, red substance in cage pan, pale extremities, and red peri-vaginal substances. 
The mean weight loss during the treatment period (GD 7 – 19) was 0.02 and 0.06 kg in the 
MD and HD groups, respectively. The decrease in food consumption during GD 7 – 20 was 
19% and 34% (p < 0.01) in the MD and HD groups, respectively. The mean AUCs on day 
19 was 41.9, 114.0 and 337.6 g.h/mL in the LD, MD and HD groups, respectively. This 
study showed that VX-770 was non-teratogenic in rabbits.  
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Effects on Peri- and Post-natal Development 
Female rats (F0, 25/dose) were dosed by oral gavage with 0, 50, 100 and 200 mg/kg/day of 
VX-770 during gestation and lactation periods (Report VX-770-TX-009).  Specifically, the 
treatment started from GD 7 to lactation day 20.  The dams were sacrificed on LAD 20 for 
gross necropsy of the thoracic, abdominal and pelvic viscera.  Evaluations of clinical 
pregnancy parameters in dams and peri and post-natal developmental parameters in pups 
were made. Clinical observations included clinical signs, body weights, and food 
consumption. Pregnancy parameters such as dam weight, length of pregnancy duration, 
liter size, pup weight, and the numbers of live and stillborns were assessed. Assessments in 
pups included viability, physical developmental parameters, behavior and learning and 
memory parameters. Assessments of VX-770 effects of on pup’s learning and memory 
(25/sex/dose) were done using passive avoidance and watermaze tests.   

Treatment-related findings were generally limited to the HD groups. Two HD dams died 
during the study. Three HD dams (14.3%) gave births to stillborn pups but the finding was 
statistically non-significant. The HD dams showed decreases in mean body weight ( 6.6% 
GD 20, p < 0.01), body weight gains (  17%, p < 0.01) and food consumption ( 9.5%, p < 
0.01) for the period of GD 7 – 20. The HD pups showed statistically significantly decrease in 
viability for the period of PNDs 2 - 4 (p  0.01), but the overall viability and lactation indices 
were not statistically significant. (The respectively parameters in the C, LD, MD and HD 
groups were 99.7%, 99.7%, 97.8% and 92.0% in viability index; and 99.7%, 99.7%, 99.4% 
and 97.7%.).  The HD pups generally had a lower mean body weight throughout their lives 
in the study.  For example, the mean body weight gains of the HD male pups was 14.9% (p 
< 0.01) and 10.1% (p < 0.01) lower than the control during the periods of PNDs 1 – 71 and 
1-110 (termination age). No treatment-related effects were observed on any of the 
remaining parameters evaluated in the HD group dams and pups.  

The only treatment related findings in the lower dose groups was the decreases in mean 
food consumption in the MD group dams during the gestation period of GD 7 – 20.  The 
maternal NOAEL was approximately 50 mg/kg/day. The NOAEL for viability and growth in 
the offspring was 100 mg/kg/day. 

 

Conclusion 
The reproductive and developmental toxicity of VX-770 was adequately characterized. VX-
770 decreased fertility in male and female rats at 200 mg/kg/day, but not at  100 
mg/kg/day.  The drug was non-teratogenic. The drug at 200 mg/kg/day can cause increases 
in the incidence of fetal skeletal variations and decreases in fetal weights when given to 
dams during the organogenesis period; however, this dose was a maternally toxic dose. No 
fetal effects were observed at 100 mg/kg/day in rats or rabbits and corresponding AUC 
exposures were approximately 205 and 337.6 g.h/mL, respectively.  
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+/- fibrinoid degeneration in the heart and vessel in high-dose females. In rats, there 
were no test article-related non-neoplastic microscopic findings in the heart or kidneys 
in 12-month interim sacrifice animals. An increased incidence of congestion/ 
hemorrhage of the thymus was observed in high-dose males and females. An increased 
incidence of ultimobranchial and follicular cysts in the thyroid was observed in high-dose 
males. 
 
In mice, accumulation of VX-770 and metabolites M1 and M6 was observed in males 
and females by Months 6 and 12. In addition, systemic exposure of VX-770, M1, and 
M6 was generally greater in females than males. In rats, accumulation of VX-770 and 
metabolites M1 and M6 was also observed in males and females by Months 6 and 12. 
Systemic exposure of VX-770 was generally greater in females than males, but 
systemic exposure of metabolites M1 and M6 was generally greater in males than 
females.  
 
Exposures to M1 and M6 in humans are significantly higher than exposures to the 
parent drug, VX-770. In contrast, exposures to VX-770 are higher in mice and rats as 
compared to metabolites, M1 and M6. M1 and M6 could be regarded as dispropionate 
metabolites in humans. Exposure margins for VX-770 for mouse to human and for rat to 
human at the highest, non-tumorigenic doses (200 and 50 mg/kg, respectively) are 
greater than 1. Exposure margins for M1 were less than 1 in mice at 200 mg/kg and 
greater than 1 in rats at 50 mg/kg. Finally, exposure margins for M6 were less than 1 in 
both mice and rats at 50 and 200 mg/kg, respectively. The rat provides adequate 
coverage for the M1 metabolite, the predominant form in humans. Both the mouse and 
rat provide adequate coverage for the parent drug, VX-770. Exposures of mice and rats 
to the M6 metabolite were no more than 20% of human exposure although this might be 
sufficient. It is noted that the structures of VX-770 and the M6 metabolite are relatively 
similar and only differ by the presence of carboxylic acid group in M6. 

2 Drug Information 

2.1 Drug 
Generic Name: Ivacaftor 
 
Code Name: VX-770 
 
Chemical Name: (N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-oxoquinoline-3- 
carboxamide) 
 
Molecular Formula/Molecular Weight: C24H28N2O3/392.49 grams 
  
Structure or Biochemical Description 
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Pharmacologic Class: VX-770 is a potentiator of chloride ion transport through the 
CFTR chloride ion channel 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
IND 74,633 (VX-770 for the treatment of CF, Vertex Pharmaceuticals, Inc.) 

2.7 Regulatory Background 
The initial IND for VX-770 was submitted on March 14, 2006. The FDA ECAC provided 
recommendations for dose selections for mouse and rat carcinogenicity studies 
following a meeting on January 26, 2009 (meeting minutes dated January 27, 2009). 
The sponsor submitted a carcinogenicity update to IND 74,633 on October 22, 2010 
(SDN 145), with emphasis on concerns for survival in the rat carcinogenicity study. See 
nonclinical review submitted to IND 74,633 and dated November 5, 2010 for FDA 
recommendations (reached after consultation with the ECAC) on early termination of 
carcinogenicity study groups. 

3 Studies Submitted 

3.1 Studies Reviewed  
1. VX-770: A 24-month oral carcinogenicity study in mice, Study # 09-2121 (VX-770-TX-
013) 
2. VX-770: A 24-month oral carcinogenicity study in rats, Study # 09-2122 (VX-770-TX-
014) 
 
A separate review to follow will summarize and evaluate other nonclinical pharmacology 
and toxicology studies that were submitted in support of the clinical use of VX-770. 

3.3 Previous Reviews Referenced 
ECAC meeting minutes dated January 27, 2009 (response to carcinogenicity SPA 
request); 
Nonclinical review dated November 5, 2010 (response to carcinogenicity update) 
ECAC meeting minutes dated December 21, 2011 (carcinogenicity conclusions) 
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Methods 
Doses: 0 (Vehicle 1), 0 (Vehicle 2), 25, 75, 200 

mg/kg/day 
Frequency of dosing: Once daily, 7 days/week for up to 24 months 

Dose volume: 5 mL/kg 
Route of administration: oral intubation (gavage) 

Formulation/Vehicle: Test article was a 50:49.5:0.5  
mixture of VX-770 and 
hydroxypropylmethylcellulose acid succinate 
(HPMC-AS) and sodium lauryl sulfate (SLS). 
The  powder was 
formulated as a suspension in Vehicle 1; 
Vehicle 1: 0.5% w/v methylcellulose (MC) with 
0.5% w/v sodium lauryl sulfate (SLS) and 
0.01% w/v simethicone in water (all test article 
groups were dosed in Vehicle 1); 
Vehicle 2: 0.5% w/v methylcellulose (MC) with 
0.5% w/v sodium lauryl sulfate (SLS) in water 

Basis of dose selection: The MTD established for chronic oral 
administration in mice was believed to be 300 
mg/kg/day, based on results of a 3-month 
study (08-2051, VX-770-TX-012). After 3 
months of dosing, the 1000 and 600 mg/kg/day 
doses were associated with excessive test 
article-related mortality. 

Species/Strain: Albino Mice (Outbred) VAF/Plus 
Crl:CD-1 9ICR)BR 

Number/Sex/Group: Main Study: 65/sex/group 
TK: 54/sex/group 

Age: 7 to 8 weeks at initiation of dosing 
Animal housing: Animals were pair-housed in stainless steel, 

wire mesh cages during the initial week of 
stabilization (at least 7 days). Animals were 
housed individually in suspended stainless 
steel wire mesh cages thereafter. An 
enrichment device (e.g. Nylabone) was 
provided in each animal’s cage at all times. 

Paradigm for dietary restriction: None 
Dual control employed: No. However, Vehicle control 2 (without 

simethicone, see above) was included since 
there was no data available from 2-yr studies 
with vehicle containing simethicone 

Interim sacrifice: None 
Satellite groups: TK: 54/sex/group 

Deviation from study protocol: No significant deviations occurred; however, 
due to an error in the original study protocol 

Reference ID: 3066492

(b) (4)

(b) (4)



NDA 203-188   Marcie Wood, Ph.D. 

10 

test article concentrations for the low- and high-
dose groups, animals in these groups received 
50% less than the intended concentration (and 
therefore 50% less than the intended dose) 
during Month 1 of the study. The error was 
corrected in Amendment 1 to the study 
protocol. The sponsor considers that this did 
not have an impact on the study, since low- 
and high-dose animals received the correct test 
article concentrations from Months 2-24, the 
majority of the study/animal lifespan. 

 
Observations and Results 

Mortality 
Cage-side observations for mortality/morbidity were performed twice daily. There were 
no statistically significant differences in mortality between control and test article groups. 
Among main study animals, there were 409 early decedents out of a total of 650 mice 
(62.9%). The distribution of early decedents (found dead or morbid sacrifice) versus 
animals surviving at termination is summarized below. 
 

Table 1: Distribution of early decedents (found dead or morbid sacrifice) versus 
animals surviving at termination in main study mice 

Males Females  
Dose (mg/kg/day) # Early 

decedents 
# Surviving at 

termination 
# Early 

decedents 
# Surviving at 

termination 
0 (with simethicone) 43 22 (33.8) 42 23 (35.4) 
0 (without simethicone) 41 24 (36.9) 32 33 (50.8) 
25 44 21 (32.3 38 27 (41.5) 
75 46 19 (29.2) 38 27 (41.5) 
100 47 18 (27.7) 38 27 (41.5) 
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Figure 1: Kaplan-Meier survival function for male mice 
 

 

Figure 2: Kaplan-Meier survival function for female mice 
 
Clinical Signs 

Reference ID: 3066492

BEST POSSIBLE COPY





NDA 203-188   Marcie Wood, Ph.D. 

13 

differences in body weight between control and test article groups over the study 
duration. 
 

Table 4: % change in mean body weight vs. V1 controls in carcinogenicity mice 
Males (mg/kg/day) Females (mg/kg/day)  

0 (V1) 0 (V2) 25 75 200  0 (V1) 0 (V2) 25 75 200  
Wk 
25 

43.5 g 43.8 g 
(1) 

3.9 4.1 0 31.3 g 31.0 g 
(1) 

0 0 1.6 

Wk 
53 

46.2 g 46.6 g 
(1) 

2.6 4.3 0 34.3 g 34.4 g 
(0) 

2.3 1 -1.7 

Wk 
77 

44.3 g 46.4 g 
(5) 

3.6 5.6 1.6 35.7 g 35.8 g 
(0) 

-1.4 -3.1 -2.5 

Wk 
104 

42.0 g 45.7 g 
(9)* 

5.5 6.2 3.3 37.1 g 36.2 g 
(-2.4) 

-2.2 -4.6 -4.9 

V1: Vehicle with simethicone; V2: Vehicle without simethicone; * V1 vs V2, p< 0.05 
  

Table 5: % change in mean body weight gain vs. V1 controls in carcinogenicity 
mice 

Males (mg/kg/day) Females (mg/kg/day)  
0 (V1) 0 (V2) 25 75 200  0 (V1) 0 (V2) 25 75 200  

Wk 
25 

9.4 g 9.7 g 
(3.2) 

18.1 14.9 4.2 6.2 g 6.3 g 
(1.6) 

3.2 1.6 8.0* 

Wk 
53 

12.0 g 12.5 g 
(4.2) 

10.0 14.2 1.7 9.3 g 9.8 g 
(5.4) 

8.6 -3.2 -6.5 

Wk 
77 

10.5 g 12.1 g 
(15.2) 

12.4 20.0 3.8 10.7 g 11.2 g 
(4.7) 

-5.6 -9.3 -6.5 

Wk 
104 

8.5 g 11.4 g 
(34.0)* 

27.0 20.0 12.9 12.0 g 11.6 g 
(-3.3) 

-5.8 -14.2 -10.0 

V1: Vehicle with simethicone; V2: Vehicle without simethicone 
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Figure 3: Mean body weight (grams) - Male mice 
 
 

 

Figure 4: Mean body weight (grams) - Female mice 
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Feed Consumption 
Feed was available without restriction 7 days/week. Food consumption was measured 
(weighed) at pretest, weekly through 13 weeks, and every 4 weeks thereafter. There 
were no consistent test article-related effects on food consumption in VX-770-treated 
males or females versus controls during the study duration.  
 
 

 

Figure 5: Mean food consumption (grams/day) - Male mice 
 
 

Reference ID: 3066492



NDA 203-188   Marcie Wood, Ph.D. 

16 

 

Figure 6: Mean food consumption (grams/day) - Female mice 
 
Gross Pathology 
Necropsies were performed on all surviving main study animals (unfasted) after at least 
24 months of dosing. Complete macroscopic exams were performed on all main study 
animals, including animals sacrificed prior to study termination. There were no test 
article-related macroscopic findings. 
Histopathology 
Peer Review: A peer review was not performed. 
 
Neoplastic 
 
No statistically significant, test article-related neoplastic findings were observed in mice. 
Non-statistically significant findings included a dose-related increase in harderian gland 
adenoma/carcinoma in female mice and an increase in benign interstitial cell tumors in 
the testes of high-dose males. 
 

Table 6: Neoplastic findings in the mouse carcinogenicity study 
Males Females 

65 65 65 65 65 65 65 65 65 65 
 
 
Tissue/Finding 1 2 3 4 5 1 2 3 4 5 
Harderian Gland 
-B-Adenoma (1) 

 
10/65 

 
5/65

 
9/65 

 
6/65 

 
6/64 

 
5/65 

 
5/65 

 
9/64 

 
8/65 

 
10/65
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Fibrinoid Degeneration (4) 
-Arteritis/Periarteritis, +/- 
Fibrinoid Degeneration (5) 

 
0/65 

 
0/65

 
1/65

 
0/65

 
1/65

 
0/65

 
0/65

 
0/65 

 
0/65 

 
1/65 

Severity: (1) – Minimal; (2) – Mild; (3) – Moderate; (4) - Marked; (5) - Severe 
 
Group 1: 0 mg/kg/day (vehicle with simethicone) 
Group 2: 0 mg/kg/day (vehicle without simethicone) 
Group 3: 25 mg/kg/day 
Group 4: 75 mg/kg/day 
Group 5: 200 mg/kg/day 
 
Toxicokinetics 
Blood samples were obtained to determine plasma concentrations of VX-770 and major 
metabolites M1 (hydroxymethyl-VX-770) and M6 (VX-770 carboxylate). Blood samples 
(0.5 mL) were obtained from anesthetized animals via retrobulbar orbital sinus on Day 1 
and at the end of Months 6 and 12, as shown in the following table: 
 

Number of Animals Interval/Timepoints Blood Volume/Animal 
Day 1 

3/sex/timepoint 0.5, 1, 2, 4, 8, and 24 hrs post-
dose 

0.5 mL/timepoint 

End of Month 6 
3/sex/timepoint Pre-dose and 0.5, 1, 2, 4, and 8 

hrs post-dose 
0.5 mL/timepoint 

End of Month 12 
1/sex/timepoint Pre-dose and 1, 2, 4, and 8 hrs 

post-dose 
0.5 mL/timepoint 

 
Results of TK analyses for VX-770, M1, and M6 in mice are presented in Tables 7-9 
below. 
 
At Month 12 (steady-state), increases in AUC0-24hr for VX-770 were approximately dose-
proportional from 25 to 75 mg/kg/day and 75 to 200 mg/kg/day in females. In males, 
AUC0-24hr for VX-770 increased in a greater than dose-proportional manner from 25 to 
75 mg/kg/day (~10x) and did not increase from 75 to 200 mg/kg/day. Increases in AUC0-

24hr for VRT-837018 (M1) were slightly less than dose-proportional from 25 to 75 
mg/kg/day and 75 to 200 mg/kg/day in females. In males, AUC0-24hr for M1 did not 
increase from 25 to 75 mg/kg/day and increased in an approximately dose-proportional 
manner from 75 to 200 mg/kg/day. Increases in AUC0-24hr for VRT-842917 (M6) were 
less than dose proportional from 25 to 75 mg/kg/day and slightly greater than dose-
proportional from 75 to 200 mg/kg/day in females. In males, AUC0-24hr for M6 decreased 
(~3x) from 25 to 75 mg/kg/day and increased (~4.5x) from 75 to 200 mg/kg/day. In 
general, systemic exposure (AUC0-24hr) of VX-770 and metabolites VRT-837018 (M1) 
and VRT-842917 (M6) was greater in females than males at most time points (Day 1, 
Month 6 and Month 12). 
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Also at Month 12, AUC0-24hr of VRT-837018 (M1) reached a maximum of 69% of VX-770 
exposure (low-dose males) and AUC0-24hr of VRT-842917 (M6) reached a maximum of 
12% of VX-770 exposure (low-dose males). 
 
Accumulation of VX-770, M1, and M6 was observed in mid-dose males and females 
from Day 1 to Months 6 and 12 and in all dose groups from Months 6 to 12.  
 

Table 8: Summary of TK parameters on Day 1, Month 6, and Month 12 for VX-770 
in female and male mice following once daily oral administration of 25, 75, and 
200 mg/kg/day of VX-770 
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Table 9: Summary of TK parameters for VRT-837018 on Day 1, Month 6, and 
Month 12 in female and male mice following once daily oral administration of 25, 
75, and 200 mg/kg/day VX-770 

 
 

Table 10: Summary of TK parameters for VRT-842917 on Day 1, Month 6, and 
Month 12 in female and male mice following once daily oral administration of 25, 
75, and 200 mg/kg/day of VX-770 

 
 
Dosing Solution Analysis 
Homogeneity and dose confirmation analyses on Days 1, 182, 363, 372, 470, 523, 644, 
and 728 of the study demonstrated that the mixing procedure produced homogenous 
batches and confirmed that dosing formulations of the appropriate concentration were 
administered. 

Reference ID: 3066492



NDA 203-188   Marcie Wood, Ph.D. 

21 

 
 
Study title:  VX-770: A 24-month oral carcinogenicity study in rats 

Study no.: 09-2122 (VX-770-TX-014) 
Study report location: Electronic submission 

Conducting laboratory and location:
Date of study initiation: March 10, 2009 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: VX-770, Lot # 17QB02.HQ00016, 100% 
pure 

CAC concurrence: Yes 
 
Key Study Findings 

 Males dosed at the high dose of 50 mg/kg/day had statistically significant lower 
survival in comparison to controls (V1). 

 Body weight and body weight gain were statistically significantly decreased in 
high-dose males at Weeks 25, 53, 77, and 89 (end of dosing) and in high-dose 
females at Weeks 53, 77, and 89 (end of dosing) versus controls (V1). Sporadic 
incidences of decreased food consumption were observed in high-dose females 
versus controls (V1). 

 No statistically significant, test article-related neoplastic findings were observed. 
 There were no test article-related non-neoplastic microscopic findings in the 

heart or kidneys in 12-month interim sacrifice animals. An increased incidence of 
congestion/hemorrhage of the thymus was observed in high-dose males and 
females. An increased incidence of ultimobranchial and follicular cysts in the 
thyroid was observed in high-dose males. 

 Accumulation of VX-770 and metabolites M1 and M6 was observed in males and 
females by Months 6 and 12. In addition, systemic exposure of VX-770 was 
generally greater in females than males, but systemic exposure of metabolites 
M1 and M6 was generally greater in males than females. 

Adequacy of Carcinogenicity Study 
Concurrence for the dose levels used in the study was obtained from the ECAC (see 
ECAC meeting minutes dated January 27, 2009). The duration of treatment (89-96 
weeks) in rats was adequate. Early termination of study groups was based upon 
recommendations provided to the sponsor after consultation with the ECAC (see 
nonclinical review submitted to IND 74,633 and dated November 5, 2010). Maximum 
tolerated doses were exceeded in rats based upon increased mortality in high-dose 
males and observed reductions in absolute body weights (approximately -20% and -
16% in high-dose males and females, respectively, versus controls) at Week 89 (last 
week of dosing for high-dose males and females as surviving animals were reduced to 
20/sex/group). 
Appropriateness of Test Models 
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This was a 2-year carcinogenicity study in rats in which test article was administered by 
the oral route. This is the same route to be used in the clinical setting in which humans 
will receive chronic, daily doses of VX-770. 
Evaluation of Tumor Findings 
No test article-related neoplastic findings were observed in rats. 
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Methods 
Doses: 0 (Vehicle 1), 0 (Vehicle 2), 5, 15, 50 

mg/kg/day 
Frequency of dosing: Once daily, 7 days/week for up to 24 months 

Dose volume: 5 mL/kg 
Route of administration: oral intubation (gavage) 

Formulation/Vehicle: Test article was a 50:49.5:0.5  
mixture of VX-770 and 
hydroxypropylmethylcellulose acid succinate 
(HPMC-AS) and sodium lauryl sulfate (SLS). 
The  powder was 
formulated as a suspension in Vehicle 1; 
Vehicle 1: 0.5% w/v methylcellulose (MC) with 
0.5% w/v sodium lauryl sulfate (SLS) and 
0.01% w/v simethicone in water (all test article 
groups were dosed in Vehicle 1); 
Vehicle 2: 0.5% w/v methylcellulose (MC) with 
0.5% w/v sodium lauryl sulfate (SLS) in water 

Basis of dose selection: The maximum tolerated dose established for 
chronic oral administration in 13-week and 6-
month rat studies was believed to be < 100 
mg/kg/day. After 13 weeks of dosing, both 400 
and 200 mg/kg/day were clearly above the 
MTD due to excessive test article-related 
mortality and in the 6-month study, both 150 
and 100 mg/kg/day were associated with 
excessive test article-related mortality 

Species/Strain: Albino Rats (Outbred) VAF/Plus 
Sprague-Dawley derived (CD) 
Crl:CD (SD) IGS BR 

Number/Sex/Group: 75/sex/group 
Age: Approximately 7 weeks at initiation of dosing 

Animal housing: Animals were pair-housed in stainless steel, 
wire mesh cages during the initial week of 
stabilization (at least 7 days). Animals were 
housed individually in suspended stainless 
steel wire mesh cages thereafter. Animals were 
transferred to solid bottom cages as necessary 

Paradigm for dietary restriction: None 
Dual control employed: No. However, Vehicle control 2 (without 

simethicone, see above) was included since 
there was no data available from 2-yr studies 
with vehicle containing simethicone 

Interim sacrifice: 6/sex/group at 12 months to monitor 
histopathological lesions observed in 6-month 
rat toxicity study (07-2028) 

Reference ID: 3066492

(b) (4)

(b) (4)



NDA 203-188   Marcie Wood, Ph.D. 

24 

Satellite groups: TK: 9/sex/group 
Deviation from study protocol: No significant deviations occurred 

 
Observations and Results 

Mortality 
Cage-side observations for mortality/morbidity were performed twice daily. 
 
Males dosed at 50 mg/kg/day had statistically significant lower survival in comparison to 
controls. Dosing for the 50 mg/kg/day males and females was stopped in Week 89 
when the number of surviving males and females was reduced to 20. The males in this 
group remained on study without treatment until Week 91 when the number of surviving 
males in the group was reduced to 15. 
 
Dosing was stopped for males dosed at 5 mg/kg/day in Week 93 and in Week 96 for 
males dosed at 0 mg/kg/day (vehicle without simethicone) when the total number of 
males per group reached 20. The terminal sacrifice for males in both control groups and 
males dose with 5 and 15 mg/kg/day commenced in Week 99 when the number of 
survivors in the primary vehicle control group (Group 1 with simethicone) reached 20. At 
termination, survival of males at 5 and 15 mg/kg/day was similar to controls. 
 
Dosing was stopped in females dosed at 15 mg/kg/day in Week 95 when the number of 
survivors reached 20. All females were terminated beginning Week 97 when the 
number of survivors in the vehicle control group (Group 1) reached 20. There were no 
statistically significant differences in survival in females dosed at 5, 15, 50 mg/kg/day in 
comparison to the control groups. 
 

Table 11: Distribution of early decedents (found dead or morbid sacrifice) versus 
animals surviving at termination in main study rats 

Males Females  
Dose (mg/kg/day) # Early 

decedents 
# Surviving at 

termination (%)
# Early 

decedents 
# Surviving at 

termination (%)
0 (with simethicone) 48 21 (30.4) 50 19 (27.5) 
0 (without simethicone) 51 14 (20.3) 50 19 (27.5) 
5 50 15 (21.7) 44 25 (36.2) 
15 42 27 (39.1) 52 17 (24.6) 
50 50 15 (21.7*) 52 17 (24.3) 
Terminal sacrifice started in Week 99 for Group 1-4 males, start of Week 92 for Group 5 males, and Week 
97 for females; * Survival was statistically significantly lower than the male control group (with 
simethicone) 
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Figure 7: Kaplan-Meier survival function for male rats 
 

 

Figure 8: Kaplan-Meier survival function for female rats 
 
 
There was also an increase in the number of deaths due to undetermined cause in high-
dose males and females versus controls. 

Reference ID: 3066492

BEST POSSIBLE COPY



NDA 203-188   Marcie Wood, Ph.D. 

26 

Table 12: Major causes of death in rats administered control article or VX-770 

 
 
Clinical Signs 
Cage-side observations for poor health or toxic or pharmacologic effects (e.g. 
abnormalities in general condition, appearance, activity, behavior, respiration, etc.) were 
performed once daily.  Physical examinations (e.g. general condition, skin and fur, eyes, 
nose, oral cavity, abdomen and external genitalia, as well as palpation of masses and 
evaluations of respiration) were performed twice pretest and weekly during the study 
period. No test article-related clinical signs were observed. 
Body Weights 
Body weights were recorded twice pretest, weekly through 13 weeks, every 4 weeks 
thereafter (non-fasting), and at termination (fasting). Body weight and body weight gain 
were statistically significantly decreased in high-dose males at Weeks 25, 53, 77, and 
89 (end of dosing) and in high-dose females at Weeks 53, 77, and 89 (end of dosing) 
versus Vehicle 1 control. Week 97 (end of study) values for high-dose females were 
also decreased, though mean changes were not statistically significant. Body weight 
and body weight gain were also statistically significantly decreased in mid-dose males 
at Week 101 versus Vehicle 1 control. 
 

Table 13: % change in mean body weight vs. V1 controls in carcinogenicity rats 
Males (mg/kg/day) Females (mg/kg/day)  

0 (V1) 0 (V2) 5 15 50  0 (V1) 0 (V2) 5 15 50  
Wk 
25 

723.9 721.8 
(0) 

-2.4 1.0 -5.2* 397.1 390.5 
(-1.7) 

1.4 3.0 -3.6 

Wk 
53 

911.2 909.0 
(0) 

1.0 -1.0 -
12.2*** 

545.1 530.0 
(-2.8) 

1.1 3.8 -
14.1*** 

Wk 
77 

945.0 927.8 
(-1.8) 

-3.3 -4.1 -
13.3*** 

589.3 600.9 
(2.0) 

1.5 6.4 -13.7** 

Wk 
89 

948.9 942.3 
(-1.0) 

-2.0 -6.0 -
19.8*** 

605.8 603.7 
(0) 

5.8 8.0 -15.5* 

Wk 
97 

974.7 890.1 
(-8.7) 

-5.6 -9.7 - 604.7 599.3 
(-1.0) 

8.7 9.2 -8.4 
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Wk 
101 

979.8 - - -11.8** - - - - - - 

V1: Vehicle with simethicone; V2: Vehicle without simethicone; * = p < 0.05; ** = p < 0.01; *** = p < 0.001 
 

Table 14: % change in mean body weight gain vs. V1 controls in carcinogenicity 
rats 

Males (mg/kg/day) Females (mg/kg/day)  
0 (V1) 0 (V2) 5 15 50  0 (V1) 0 (V2) 5 15 50  

Wk 
25 

516.7 519.0 
(0) 

3.5 2.0 -5.9* 227.9 223.1 
(-2.1) 

-2.3 5.0 -6.2 

Wk 
53 

703.4 705.1 
(0) 

2.0 0 -
14.6*** 

376.0 362.3 
(-3.6) 

1.3 5.2 -
20.5*** 

Wk 
77 

738.5 725.6 
(-1.7) 

-4.0 -4.6 -
15.8*** 

422.4 433.7 
(2.7) 

1.3 8.1 -19.4** 

Wk 
89 

744.6 741.7 
(0) 

-2.5 -7.7 -
23.8*** 

436.9 438.8 
(0) 

8.0 10.6 -21.0* 

Wk 
97 

767.3 689.5 
(-

10.0) 

-6.7 -11.4 - 443.9 433.9 
(2.3) 

9.0 10.5 -12.1 

Wk 
101 

769.5 - - -13.3* - - - - - - 

V1: Vehicle with simethicone; V2: Vehicle without simethicone; * = p < 0.05; ** = p < 0.01; *** = p < 0.001 
 

 

Figure 9: Mean body weight (grams) – Male rats 
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Figure 10: Mean body weight (grams) – Female rats 
 
Feed Consumption 
Feed was available without restriction 7 days/week. Food consumption was measured 
(weighed) at pretest, weekly through 13 weeks, and every 4 weeks thereafter. There 
were no consistent test article-related effects on food consumption in VX-770-treated 
males versus controls during the study duration. Sporadic incidences of decreased food 
consumption were observed in high-dose females versus controls (see Figure 12). 
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Figure 11: Mean food consumption (grams/day) – Male rats 
 

 

Figure 12: Mean food consumption (grams/day) – Female rats 
 
Gross Pathology 
Necropsies were performed on all surviving main study animals (unfasted) after at least 
24 months of dosing. Complete macroscopic exams were performed on all main study 
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animals, including animals sacrificed prior to study termination. An increased incidence 
of ovarian cysts was observed in high-dose females versus controls. 
 

Table 15: Macroscopic findings in the rat carcinogenicity study 
Males Females 

75 75 75 75 75 75 75 75 74 75 
 
 
Tissue/Finding 1 2 3 4 5 1 2 3 4 5 
Ovaries 
-Cyst 

 
NA 

 
NA 

 
NA 

 
NA 

 
NA 

 
6 

 
6 

 
4 

 
7 

 
11 

 
Histopathology 
 
Peer Review: A peer review was not performed. 
 
Neoplastic 
 
No statistically significant test article-related neoplastic findings were observed in rats. 
 
Non Neoplastic 
 
There were no test article-related non-neoplastic microscopic findings in the heart or 
kidneys in 12-month interim sacrifice animals. 
 
An increased incidence of congestion/hemorrhage of the thymus was observed in high-
dose males and females. An increased incidence of ultimobranchial and follicular cysts 
in the thyroid was observed in high-dose males. 

Table 16: Non-neoplastic microscopic findings in the rat carcinogenicity study 
Males Females 

          
 
 
Tissue/Finding 1 2 3 4 5 1 2 3 4 5 
Thymus 
-Congestion/Hemorrhage (1) 
-Congestion/Hemorrhage (2) 
-Congestion/Hemorrhage (3) 

 
0/69 
1/69 
0/69 

 
0/66
0/66
0/66

 
0/68
1/68
0/68

 
1/69
1/69
0/69

 
3/67 
4/67 
0/67 

 
0/65 
1/65 
0/65 

 
0/68 
0/68 
0/68 

 
2/69 
0/69 
0/69 

 
1/67
0/67
0/67

 
2/70 
4/70 
2/70 

Thyroid 
-Cyst, Ultimobranchial (P) 

 
8/69 

 
7/68

 
7/69

 
6/68

 
13/69

 
13/68

 
8/68 

 
17/69 

 
9/66

 
8/69 

Thyroid 
-Cyst(s), follicular (P) 

 
1/69 

 
0/68

 
0/69

 
2/68

 
4/69 

 
0/68 

 
0/68 

 
0/69 

 
1/66

 
1/69 

 
Toxicokinetics 
Blood samples were obtained to determine plasma concentrations of VX-770 and major 
metabolites M1 (hydroxymethyl-VX-770) and M6 (VX-770 carboxylate). Blood samples 
(0.5-0.7 mL) were obtained from anesthetized animals via retrobulbar orbital sinus on 
Day 1 and at the end of Months 6 and 12, as shown in the following table: 
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Number of Animals Interval/Timepoints Blood Volume/Animal 

Day 1 
3/sex/timepoint 0.5, 1, 2, 4, 8, and 24 hrs post-

dose 
0.5 mL/timepoint 

End of Month 6 
3/sex/timepoint Pre-dose and 1, 2, 4, 8, and 24 

hrs post-dose 
0.7 mL/timepoint 

End of Month 12 
2-3/sex/timepoint Group 1-4 males and females; 

Group 5 females: pre-dose and 
1, 2, 4, 8, and 24 hrs post-dose 
Group 5 males only: 1, 2, 4, 8, 

and 24 hrs post-dose 

0.7 mL/timepoint 

Blood samples were collected from each Group 1-5 TK animal up to 2 times at each interval and up to 6 
times during the entire study. 
 
Results of TK analyses for VX-770, M1, and M6 in rats are presented in Tables 17-19 
below. 
 
At Month 12 (steady-state), AUC0-24hr values for VX-770 and VRT-837018 (M1) in male 
and female rats increased in an approximate dose proportional manner. AUC0-24hr 
values for VRT-842917 (M6) in male and female rats were approximately dose 
proportional from 5 to 15 mg/kg/day and greater than dose proportional from 15 to 50 
mg/kg/day. In general, systemic exposure (AUC0-24hr) of VX-770 was greater in females 
than males at most time points (Day 1, Month 6, and Month 12). Systemic exposures of 
metabolites VRT-837018 (M1) and VRT-842917 (M6) were greater in males than 
females. 
 
Also at Month 12, AUC0-24hr of VRT-837018 (M1) reached a maximum of 50.1% of VX-
770 exposure (high-dose males) and AUC0-24hr of VRT-842917 (M6) reached a 
maximum of 3.6% of VX-770 exposure (high-dose males). 
 
Accumulation of VX-770, M1, and M6 was observed in males and females in all dose 
groups from Day 1 to Months 6 and 12.  
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Table 17: Summary of TK parameters on Day 1, Month 6, and Month 12 for VX-770 
in female and male rats following once daily oral administration of 5, 15, and 50 
mg/kg/day of VX-770 

 
 

Table 18: Summary of TK parameters for VRT-837018 on Day 1, Month 6, and 
Month 12 in female and male rats following once daily oral administration of 5, 15, 
and 50 mg/kg/day VX-770 
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without simethicone. Dose levels of VX-770 in these studies were selected based on 
findings from a 13-week oral toxicity study in mice, and 13-week and 6-month oral 
toxicity studies in rats. Conclusions and recommendations for doses were obtained from 
the FDA ECAC (January 26, 2009).  There were no treatment-related effects on survival 
in the mouse study; however, survival was significantly decreased in high-dose males in 
the rat study.  Maximum tolerated doses were exceeded in rats based upon increased 
mortality in high-dose males and observed reductions in absolute body weights 
(approximately -20% and -16% in high-dose males and females, respectively, versus 
controls) at Week 89 (last week of dosing for high-dose males and females as surviving 
animals were reduced to 20/sex/group).  
 
VX-770 was not tumorigenic in either mice or rats (no findings of statistically significant 
treatment-related tumors). 
 
Non-neoplastic microscopic findings in mice included an increased incidence of 
mineralization of the bicep and heart and an increased incidence of arteritis/periarteritis 
+/- fibrinoid degeneration in the heart and vessel in high-dose females. In rats, there 
were no test article-related non-neoplastic microscopic findings in the heart or kidneys 
in 12-month interim sacrifice animals. An increased incidence of congestion/ 
hemorrhage of the thymus was observed in high-dose males and females. An increased 
incidence of ultimobranchial and follicular cysts in the thyroid was observed in high-dose 
males. 
 
In mice, accumulation of VX-770 and metabolites M1 and M6 was observed in males 
and females by Months 6 and 12. In addition, systemic exposure of VX-770, M1, and 
M6 was generally greater in females than males. In rats, accumulation of VX-770 and 
metabolites M1 and M6 was also observed in males and females by Months 6 and 12. 
Systemic exposure of VX-770 was generally greater in females than males, but 
systemic exposure of metabolites M1 and M6 was generally greater in males than 
females. 
 
In the table below, exposures achieved in the mouse and rat carcinogenicity studies are 
compared to the exposure achieved in humans with the clinical dose of 300 mg (150 mg 
q12h). Exposures to M1 and M6 in humans are significantly higher than exposures to 
the parent drug, VX-770. In contrast, exposures to VX-770 are higher in mice and rats 
as compared to metabolites, M1 and M6. M1 and M6 could be regarded as 
disproportionate metabolites in humans. Exposure margins for VX-770 for mouse to 
human and for rat to human at the highest, non-tumorigenic doses (200 and 50 mg/kg, 
respectively) are greater than 1. Exposure margins for M1 were less than 1 in mice at 
200 mg/kg and greater than 1 in rats at 50 mg/kg. Finally, exposure margins for M6 
were less than 1 in both mice and rats at 50 and 200 mg/kg, respectively. The rat 
provides adequate coverage for the M1 metabolite, the predominant form in humans. 
Both the mouse and rat provide adequate coverage for the parent drug, VX-770. 
Exposures of mice and rats to the M6 metabolite were no more than 20% of human 
exposure although this might be sufficient. It is noted that the structures of VX-770 and 
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the M6 metabolite are relatively similar and only differ by the presence of carboxylic acid 
group in M6 (see Figure 13 below). 
 
The executive CAC concurred that both mouse and rat carcinogenicity studies were 
acceptable and that there were no test article-related tumor findings in either study. The 
ECAC also concurred that coverage for parent and metabolites was acceptable (see 
meeting minutes dated December 21, 2011). 
 

Table 20: Exposure margins (VX-770, M1, M6) for human dose of 300 mg/day 
relative to doses used in the mouse carcinogenicity study 

VX-770 Exposure Margins for 
Clinical Dose of 300 mg/day 

 
VX-770 

AUC0-24 hr 
( g*hr/mL) 

 
AUC0-24hr = 27.2 g*hr/mL 

 

 
 

VX-770 
 
 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human 

25 21.5 16.1 0.79/0.59 
75 80.2 116 2.95/4.26 

Mouse sampling at 
Month 12 
 200 203 112 7.46/4.11 

 
M1 Exposure Margins for 

Clinical Dose of 300 mg/day 
 

M1 
AUC0-24 hr 

( g*hr/mL) 
 

AUC0-24hr = 120 g*hr/mL 
 

 
 

M1 
(VRT-837018) 

 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human 

25 14.6 11.1 0.12/0.09 
75 36.6 11.1 0.31/0.09 

Mouse sampling at 
Month 12 
 200 76.1 26.3 0.63/0.22 

 
M6 Exposure Margins for 

Clinical Dose of 300 mg/day 
 

M6 
AUC0-24 hr 

( g*hr/mL) 
 

AUC0-24hr = 83.5 g*hr/mL 
 

 
 

M6 
(VRT-842917) 

 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human 

25 0.792 2.00 0.009/0.02 
75 1.57 0.60 0.02/0.007 

Mouse sampling at 
Month 12 
 200 4.85 2.73 0.06/0.03 
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Table 21: Exposure margins (VX-770, M1, M6) for human dose of 300 mg/day 
relative to doses used in the rat carcinogenicity study 

VX-770 Exposure Margins for 
Clinical Dose of 300 mg/day 

 
VX-770 

AUC0-24 hr 
( g*hr/mL) 

 
AUC0-24hr = 27.2 g*hr/mL 

 

 
 

VX-770 
 
 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human 
5 71.0 53.4 2.6/2.0 

15 249 213 9.2/7.8 
Rat sampling at 
Month 12 
 50 853 467 31.4/17.2 

 
M1 Exposure Margins for 

Clinical Dose of 300 mg/day 
 

M1 
AUC0-24 hr 

( g*hr/mL) 
 

AUC0-24hr = 120 g*hr/mL 
 

 
 

M1 
(VRT-837018) 

 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human 
5 21.1 20.7 0.18/0.17 

15 61.2 76.6 0.51/0.64 
Rat sampling at 
Month 12 
 50 180 234 1.5/2.0 

 
M6 Exposure Margins for 

Clinical Dose of 300 mg/day 
 

M6 
AUC0-24 hr 

( g*hr/mL) 
 

AUC0-24hr = 83.5 g*hr/mL 
 

 
 

M6 
(VRT-842917) 

 
 

 
 

VX-770 Dose 
(mg/kg/day) 

 
 Females Males Human 
5 0.361 0.754 0.004/0.009 

15 1.22 2.87 0.01/0.03 
Rat sampling at 
Month 12 
 50 7.76 17.0 0.06/0.20 

Reference ID: 3066492



NDA 203-188   Marcie Wood, Ph.D. 

37 

 

Figure 13 Metabolic pathway of VX-770 in rats and humans 

 
 

12 Appendix/Attachments 
 
Appendix 1: ECAC meeting minutes dated January 27, 2009 (response to 
carcinogenicity SPA request) 
 
Appendix 2: Nonclinical review dated November 5, 2010 (carcinogenicity update) 
 
Appendix 3: ECAC meeting minutes dated December 21, 2011 (carcinogenicity 
conclusions) 
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Food and Drug Administration 
Center for Drug Evaluation and Research
Office of New Drugs 

FACSIMILE TRANSMITTAL SHEET 

DATE: January 27, 2009  

To: Mark A. De Rosch, Ph.D.  From: Adele Seifried 

Company: Vertex Pharmaceuticals, Inc.  OND IO 

Fax number: (617) 444-6803  Fax number: 301-796-9855 

Phone number: (617) 444-6765  Phone number: 301-796-0535 

Subject: Response to Carcinogenicity Special Protocol Assessment Request - Final CAC Report - IND 74,633 

Total no. of pages including cover: 5

Comments:

Document to be mailed:  YES   NO 

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED 
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED 
FROM DISCLOSURE UNDER APPLICABLE LAW. 

If you are not the addressee, or a person authorized to deliver this document to the addressee, 
you are hereby notified that any review, disclosure, dissemination, copying, or other action based 
on the content of this communication is not authorized.  If you have received this document in 
error, please notify us immediately by telephone at (301) 796-0535. Thank you. 
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Executive CAC 
Date of Meeting: Jan. 26, 2009 

Committee: David  Jacobson-Kram Ph.D., ONDIO, Chair 
Abigail Jacobs, Ph.D., ONDIO, Member 
Paul C. Brown, Ph.D., ONDIO, Member  
Adam Wasserman, Ph.D., DAARP, Alternate Member  
Timothy Robison, Ph.D., DPAP, Acting Team Leader 
Lawrence F. Sancilio, Ph.D. DPAP, Presenting Reviewer 

Author of Draft: Lawrence F. Sancilio, Ph.D.  

The following information reflects a brief summary of the Committee discussion and its 
recommendations.  

The committee did not address the sponsor’s proposed statistical evaluation for the carcinogen 
bioassays, as this does not affect the sponsor’s ability to initiate the bioassays.  The sponsor may 
seek guidance on the statistical evaluation of bioassay results from agency staff separately. Data 
files should be submitted electronically following the CDER/CBER Guidance for Industry, 
Providing Regulatory Submission in Electronic Format- Human Pharmaceutical Product 
Applications and Related Submissions Using the eCTD Specifications (June 2008) and the 
associated Study Data Specifications document. 

IND No. 74,633
Drug Name: VX-770    
Sponsor:  Vertex Pharmaceuticals, Inc. 

Background: 

VX-770 is a potentiator of the cystic fibrosis transmembrane conductance regulator (CTFR) 
chloride channel. It was inactive in the Reverse Bacterial Mutation and Chinese Hamster Ovary 
Chromosomal assays and in the in vivo Micronucleus assay in mice. Protein binding in the rat, 
dog, monkey and human was >99%.  

Rat Carcinogenicity Study Protocol and Dose Selection 

In a 26-week dose toxicity study in Sprague Dawley rats, the oral doses administered by gavage 
were 50 (LD), 100 (MD) and 150 (HD) mg/kg. The vehicle was 0.5% methylcellulose with 0.5% 
sodium lauryl sulfate and 0.01% simethicone in water.VX-770 was lethal to the MD male and 
HD males and females. Causes of death were not identified. Decreased body weight gained 
occurred at all doses in males and at the MD and HD in females although changes did not appear 
to be toxicologically significant. Observed changes of clinical chemistry and urinalysis 
parameters may have been linked to test article-induced exacerbation of chronic progressive 
nephropathy. VX-770 increased the incidence of chronic progressive nephropathy (MD and HD 
males, all doses in females), cardiomyopathy (MD and HD females), and coronary medial 
degeneration (MD and HD males and females). These histopathological findings in the heart and 
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kidneys are commonly observed in aging rats; however, treatment with the test article 
exacerbated the incidences of these spontaneous lesions. These findings were still evident at the 
end of the recovery period. The pharmacokinetics showed accumulation of VX-770 at all doses. 
The predominant metabolites were M1 (the hydroxyl VX-770) and M6 (the carboxylic acid VX-
770) with males showing higher levels than females indicating greater metabolism. The oral 
MTD was 50 mg/kg in males and females based upon treatment-related deaths for MD males and 
HD males and females and increased incidences of histopathological findings in the heart at the 
MD and HD.

Mouse Carcinogenicity Study Protocol and Dose Selection 

In a 13-week dose toxicity study in CD-1 mice, the oral doses administered by gavage were 100 
(LD), 300 (MD), 600 (HD) and 1000 (VHD) mg/kg. Apparent treatment-related deaths for mice 
that were found dead or sacrificed in a moribund condition occurred between day 13 and day 89. 
In males, there  were 2 of  28 at the LD, 1 of 28 at the MD, 3 of 28 at the HD and 11 of 28 at the 
VHD, and in females there were 4 of 28 at the HD and 11 of 28 at the VHD. The significance of 
low incidences of deaths for the LD (2/28) and MD (1/28) males was unclear.  Several deaths 
were associated with distension of the gastrointestinal organs although there was no correlation 
with histopathology.  Although, there was no statistical significant change in body weight and in 
body weight gained, there was a trend to decreasing body weight in males and an increase in 
body weight in females. At the VHD in females, there was an increase in white blood cells, 
neutrophils, lymphocytes, monocytes, large unstained cells and ALKP. Cholesterol levels were 
decreased to the same degree at the HD and VHD. In males, there was an increase in ALT levels 
at the HD and VHD and at the VHD a decrease in cholesterol and glucose levels.  The 
pharmacokinetics was dose related for the parent compound and the two metabolites, M1 (VRT-
837018) and M6 (VRT842917). At the 90- day analysis, females showed accumulation and 
higher AUCs of both metabolites than males indicating greater metabolism. In the terminal 
animals, death was attributed to focal liver necrosis in 1 VHD male and 1VHD female. The 
cause of deaths in the other animals was not identified. Unscheduled sacrificed animals showed 
bloated abdomens manifested by distended organs of the gastrointestinal system. These animals 
showed histopathology in the liver, pancreas, salivary glands, spleen, thymus, liver and ovaries.  
The oral MTD was 300 mg/kg in both males and females; the significance of low incidences of 
death for males in the LD and MD groups was unclear. 

Executive CAC Recommendations and Conclusions: 

Rat: 

• The Committee recommended doses of 5, 15, and 50 mg/kg/day by oral gavage, based on 
an MTD (mortality at 100 and 150) 

• The committee recommended a 0.5% methylcellulose and 0.5% sodium lauryl sulfate in 
water gavage control, as well as a vehicle control unless the sponsor has data from 2-year 
studies with the proposed vehicle, which contains 0.01% simethicone. 
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Mouse:

• The Committee recommended oral doses by gavage of 25, 75 and 200 mg/kg/day, based 
on deaths at 600 mg/kg.  

• The committee recommended a 0.5% methylcellulose and 0.5% sodium lauryl sulfate in 
water gavage control, as well as a vehicle control unless the sponsor has data from 2-year 
studies with the proposed vehicle, which contains 0.01% simethicone. 

If the sponsor plans histological evaluation of tissues from only control and high dose treatment 
groups, they will also need to conduct histopathologic examination of other dose groups under 
any of the following circumstances:   
(a) for any macroscopic findings in the low and mid dose groups for a given tissue, they will 

need to look at that tissue for all of the dose groups 
(b) for statistically significant or otherwise remarkable findings in the high dose group, the 

sponsor will need to look at the affected tissues in all of the dose groups. 
(c) for an increase in tumors in an organ for a tumor type that should be analyzed across tissue 

sites as well as by tissue site (e.g., hemangiosarcoma, lymphoma etc.; see McConnell et al, 
JNCI 76:283, 1986) they should look at all relevant tissues for that dose level and the next 
lower dose level,  

(d) for an excessive decrease in body weight or survival in the examined dose group, they should 
examine lower dose groups.   

Chair, Executive CAC 
David  Jacobson-Kram Ph.D., ONDIO 

cc: \ 
/Division File, DPAP 
/Acting Team Leader, T. Robison, Ph.D., DPAP 
/Reviewer, Lawrence F. Sancilio, Ph.D., DPAP 
/CSO/PM, M. Raggio 
/ASeifried, OND IO 
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1 Executive Summary 

1.1 Introduction 
In the present amendment, the sponsor has provided an update for the ongoing 
carcinogenicity studies of VX-770 and to review survival and other pertinent data 
supporting a rationale for early termination of individual dosage groups by sex. In 
addition, protocols for two clinical trials were provided. 
 
1.2 Brief Discussion of Nonclinical Findings 
The mouse carcinogenicity study (VX-770-TX-013) is now in week 80 of the 104-week 
dosing phase. Mouse survival is not a concern at this time. 
 
The rat carcinogenicity study (VX-770-TX-014) is now in week 82 of the 104-week 
dosing phase. The sponsor projects that if rat survival curves follow their current 
trajectories, it appears that some groups may fall below N=25 remaining animals/sex 
during the next 4 to 6 weeks of dosing. Based on these results, the sponsor has 
proposed to continue monitoring survival in both studies closely and to terminate any 
dosage/sex group by sacrificing all remaining animals, when total survival in that 
particular sex and dosage reaches N 25. 
 
1.3 Recommendations 
The following comments should be conveyed to the sponsor. 
 
We have reviewed your submission dated October 22, 2010 and have the following 
comments. 
 
In consultation with the ECAC, the following is the current practice for terminating 
groups in a carcinogenicity study: 
 
• If the control group for one sex reaches 20 survivors and all treatment groups of the 
same sex have 15 or more survivors, then all animals of that sex in control and 
treatment groups should be sacrificed as soon as feasible. 
 
• If controls do not have a survival issue, dosing in a treatment group should be stopped 
at 20 animals and the group terminated at 15 animals. 
 
• Concurrence with the Review Division should be attempted before any sacrifice. 

2 Drug Information 

2.1 Drug 
 
Code Name: VX-770 
 
Chemical Name: N-(2,4-Di-tert-butyl-5-hydroxyphenyl)-1,4-dihydro-4-oxoquinoline-3-
carboxamide
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Molecular Formula/Molecular Weight: C24H28N2O3 / 392.49 g/mole 
 
Structure:  

 
 
Pharmacologic class: VX-770 is a potentiator of chloride ion transport through CFTR 
chloride ion channel. 
 
2.2 Relevant INDs, NDAs, and DMFs 
None 

2.4 Proposed Clinical Population and Dosing Regimen 
VX-770 is under development for the treatment of cystic fibrosis. The Phase 3 clinical 
dose is 150 mg q12 hr. 

2.6 Proposed Clinical Protocol 
A Phase 2, Randomized, Double-Blind, Placebo-Controlled, Crossover Study to 
Evaluate the Effect of VX-770 on Lung Clearance Index in Subjects with Cystic Fibrosis, 
the G551D Mutation, and FEV1 >90% Predicted (Protocol VX10-770-106 - Version 3.0 
that replaces Version 2.0 dated 18 June 18,  2010)  

The sponsor proposed a multicenter, Phase 2, randomized, double-blind, placebo-
controlled, crossover study to evaluate the effect of VX-770 administered by the oral 
route on lung clearance index (LCI) in male or female subjects aged 6 years and older 
with cystic fibrosis (CF) who have the G551D-CFTR mutation on at least 1 allele. This 
trial is being conducted in the United Kingdom and Canada. Enrollment for this study is 
planned for a minimum of 16 subjects. In this study, subjects will be treated with 150 mg 
VX-770 q12hr for 28 days and placebo q12hr for 28 days. 
 
This study includes the following periods: 
• Screening period (Day -18 to Day -10) 
• Treatment Period 1 (Day 1 to Day 29) 
• Washout (28 days) 
• Treatment Period 2 (Day 1 to Day 29) 
• Follow-up Visit (4 weeks ±7 days after last dose of study drug) 
 
Subjects will be randomized 1:1 to receive 1 of 2 treatment sequences during the 
treatment periods: 
 
• Sequence 1 = VX-770 in Period 1   washout  placebo in Period 2 
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contraceptives. Study VX08-770-006 (Study 006) evaluated the drug-drug interaction 
between VX-770 and a CYP3A inhibitor, ketoconazole. Study VX08-770-007 (Study 
007) evaluated the relative BA of 2 new formulations of VX-770 and the tablet 
formulation used in the Phase 2 study. Study VX06-770-101 (Study 101) was a Phase 2 
study to evaluate the safety and efficacy of VX-770 in subjects with CF and at least 1 
allele of G551D-CFTR. In addition, VX-770 is being evaluated in two Phase 3 studies in 
CF subjects with the G551D-CFTR mutation (Study VX08-770-102 [Study 102] and 
Study VX08-770-103 [Study 103]) and one Phase 2 study in CF subjects homozygous 
for the F508del-CFTR mutation (Study VX08-770-104 [Study 104]). 
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Table 1 Completed and ongoing clinical trials with VX-770 

 
 

 
 
 

Reference ID: 2860473
Reference ID: 3066492



IND #74,633                                      Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 

11 

 
 

 
 
2.8 Regulatory Background 
Special Protocol Assessments were requested for the mouse carcinogenicity study 
protocol (VX-770-TX-013) and rat carcinogenicity study protocol (VX-770-TX-014) both 
submitted on December 15, 2008. The ECAC discussed these protocols and made 
recommendations on January 26, 2009. 
 

Reference ID: 2860473
Reference ID: 3066492





IND #74,633                                      Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 

13 

Figure 2 Mouse Survival Curves (Study VX-770-TX-013) 

 
 
The rat carcinogenicity study (VX-770-TX-014) is now in week 82 of the 104-week 
dosing phase. In this study, VX-770 is also being administered as a suspension in the 
toxicology vehicle by oral gavage to Sprague-Dawley rats (70/sex/group) once daily at 
doses of 0 (vehicle control group), 5, 15, and 50 mg/kg/day (daily dose volumes of 5 
mL/kg/day) for 2 years. A separate set of TK animals (9/sex/group) have been dosed in 
a similar manner, as well as a second control group, in which 70 rats/sex are dosed with 
the same simethicone-free vehicle as in the mouse study. Survival curves (cumulative 
from study day 1 through week 76) are shown in Figure 3. The sponsor stated that there 
was no indication of test article-related effects on mass incidence to date. Further, 
effects on body weight gain have only been observed for the high dose group, where 
group mean body weights were 13.3% lower in males and 13.7% lower in females as 
compared to controls. The sponsor projects that if rat survival curves follow their current 
trajectories, it appears that some groups may fall below N=25 remaining animals/sex 
during the next 4 to 6 weeks of dosing. Based on these results, the sponsor has 
proposed to continue monitoring survival in both studies closely and to terminate any 
dosage/sex group by sacrificing all remaining animals, when total survival in that 
particular sex and dosage reaches N 25. 
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Figure 3 Rat Survival Curves (Study VX-770-TX-014) 

 
 
In consultation with the ECAC, the following is the current practice for terminating 
groups in a carcinogenicity study: 
 
• If the control group for one sex reaches 20 survivors and all treatment groups of the 
same sex have 15 or more survivors, then all animals of that sex in control and 
treatment groups should be sacrificed as soon as feasible. 
 
• If controls do not have a survival issue, dosing in a treatment group should be stopped 
at 20 animals and the group terminated at 15 animals. 
 
• Concurrence with the Review Division should be attempted before any sacrifice. 
 
 
The sponsor proposed a multicenter, Phase 2, randomized, double-blind, placebo-
controlled, crossover study to evaluate the effect of VX-770 administered by the oral 
route on lung clearance index (LCI) in male or female subjects aged 6 years and older 
with cystic fibrosis (CF) who have the G551D-CFTR mutation on at least 1 allele (VX10-
770-014). This trial is being conducted in the United Kingdom and Canada. In this study, 
subjects will be treated with 150 mg VX-770 q12h for 28 days and placebo q12h for 28 
days. Patients with the G551D mutation are the targeted population for this study 
because VX-770 is a potentiator of the gating effect of the CFTR, and the most 
prevalent mutation with a gating defect in CF is the G551D mutation. In vitro studies 
show that effects are greatest in human bronchial epithelial cells from patients with the 
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G551D mutation. The 6-month rat and 12-month dog toxicology studies support the 
clinical dose of 150 mg q12 hr (See Table 2). This dose is being used in Phase 3 clinical 
trials (Studies 102, 103, 104, and 105). In Study 101, a dose of 150 mg q12 hr for 14 or 
28 days was found to be well tolerated. In Part 1 of Study 101, 20 subjects received 
either VX-770 (doses: 25 mg, 75 mg, or 150 mg) or placebo for 14 days every 12 hours 
(q12h) in a crossover design. In Part 2 of Study 101, 19 subjects received VX-770 
(doses: 150 mg or 250 mg) or placebo q12h for 28 days. Results suggested that VX-
770 was well tolerated, with all subjects completing dosing and visits without 
discontinuations or interruptions. Results from Part 1 showed statistically significant 
changes from baseline in FEV1, sweat chloride levels, and nasal potential difference 
(NPD) for the 75- and 150-mg VX-770 groups after q12h dosing for 14 days. Dose 
response was evident based on the proportion of the subjects considered responders 
(>10% relative increase in FEV1; 20 mmol/L decrease from baseline in sweat chloride 
levels;  -5 mV increase in zero chloride plus isoproterenol response in NPD 
measurement). Results from Part 2 showed that 150-mg and 250-mg VX-770 dosing for 
28 days resulted in changes from baseline in FEV1 and sweat chloride levels that were 
of within-group statistical significance. Subjects receiving 150-mg and 250-mg VX-770 
also reported improvements greater than the minimal clinically important difference of 5 
points in the respiratory domain of the CF Questionnaire-Revised. No safety issues 
were raised in Study 101 or previous studies that would preclude the dosing regimen 
proposed for the current protocol. The clinical trial appears reasonably safe and should 
be allowed to proceed. 
 

Table 2 Comparison of animal to human VX-770, M1, and M6 Plasma Exposure at 
Steady State 
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Executive CAC 
Date of Meeting: December 20, 2011

Committee: David Jacobson Kram, Ph.D., OND IO, Chair 
Abby Jacobs, Ph.D., OND IO, Member 
Paul Brown, Ph.D., OND IO, Member 
Timothy Robison, Ph.D., Team Leader 
Marcie Wood, Ph.D., Presenting Reviewer 

Author of Minutes: Marcie Wood, Ph.D. 

The following information reflects a brief summary of the Committee discussion and its 
recommendations.  

NDA # 203-188 
Drug Name: Ivacaftor (VX-770) 
Sponsor: Vertex Pharmaceuticals, Inc. 

Background: Two-year mouse and rat carcinogenicity studies with VX-770 were 
conducted by  The sponsor received ECAC 
concurrence for doses used with mice and rats (see Meeting Minutes dated January 27, 
2009).

VX-770 was negative in a bacterial reverse mutation assay, a Chinese hamster ovary 
chromosomal aberration assay and in an in vivo mouse micronucleus assay. 

Mouse Carcinogenicity Study: In a 2-year carcinogenicity study, VAF/Plus Crl:CD-1 
(CR) BR mice received oral doses of VX-770 at 25, 75, and 200 mg/kg/day. Vehicle 
control groups (0.5% w/v methylcellulose with 0.5% w/v sodium lauryl sulfate in water) 
with and without 0.01% simethicone were also included in the study. No statistically 
significant test article-related tumor findings were observed. There were no test article-
related effects on survival or body weight versus controls. Accumulation of VX-770 and 
metabolites M1 and M6 was observed in males and females by Months 6 and 12. In 
addition, systemic exposures of VX-770, M1, and M6 were generally greater in females 
than males. 

Rat Carcinogenicity Study: In a 2-year carcinogenicity study, VAF/Plus Sprague-
Dawley derived Crl:CD IGS BR rats received oral doses of VX-770 at 5, 15, and 50 
mg/kg/day. Vehicle control groups (0.5% w/v methylcellulose with 0.5% w/v sodium 
lauryl sulfate in water) with and without 0.01% simethicone were also included in the 
study. Rats were treated with test article or vehicle control for 89-96 weeks. Early 
termination of study groups due to high mortality was based upon recommendations 
provided to the sponsor after consultation with the ECAC (see nonclinical review 
submitted to IND 74,633 and dated November 5, 2010). No statistically significant test 
article-related tumor findings were observed. Males dosed at 50 mg/kg/day had 
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statistically significant lower survival in comparison to controls (with simethicone). Body 
weight and body weight gain were statistically significantly decreased in high-dose males 
at Weeks 25, 53, 77, and 89 (end of dosing) and in high-dose females at Weeks 53, 77, 
and 89 (end of dosing) versus controls (with simethicone). Accumulation of VX-770 and 
metabolites M1 and M6 was observed in males and females by Months 6 and 12.  

Executive CAC Recommendations and Conclusions:

Rat:

• The Committee concurred that the study was acceptable. 
• The Committee concurred that there were no drug-related neoplasms. 

Mouse:

• The Committee concurred that the study was acceptable 
• The Committee concurred that there were no drug-related neoplasms. 

 The committee concurred that coverage of the metabolites and the parent was 
acceptable.  

David Jacobson Kram, Ph.D. 
Chair, Executive CAC 

cc:\
/NDA 203-188 Division File, DPARP 
/TRobison, DPARP 
/MWood, DPARP 
/MRaggio, DPARP 
/ASeifried, OND IO
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908

NDA/BLA Number: 203188 Applicant: Vertex 
Pharmaceuticals, Inc. 

Stamp Date: 10/18/2011 

Drug Name: Ivacaftor (VX-
770)

NDA/BLA Type: Original - 
Priority

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

Content Parameter Yes No Comment
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?

X

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?

X

4 Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X

6 Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

X

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908

Content Parameter Yes No Comment
8 Has the applicant submitted all special 

studies/data requested by the Division 
during pre-submission discussions? X

The sponsor submitted complete mouse and 
rat carcinogenicity reports with associated 
electronic datasets as requested by the 
Division.

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

X

The proposed labeling is in the PLR format. 
Changes in text will be handled in the 
labeling review. 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

To be determined in consultation with the 
reviewing chemist. 

11 Has the applicant addressed any abuse 
potential issues in the submission? 

Not applicable. 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

Not applicable. 

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___YES_____ 

If the NDA/BLA is not fileable from the pharmacology/toxicology 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. 

Reviewing Pharmacologist      Date 

Team Leader/Supervisor      Date 
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